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ABSTRACT

Background: Cannabis use is rising, with both therapeutic and harmful uses that might involve inflammation.
Preclinical studies and findings in humans are inconsistent. It remains unclear whether cannabinoids affect
inflammation in healthy populations or individuals with psychiatric disorders. We examined the association
between cannabinoid use and peripheral inflammatory biomarkers.

Methods: We systematically searched multiple databases from inception to October 2025. Eligible studies
compared inflammatory biomarkers between cannabinoid users and non-users. Bayesian multilevel cross-
classified meta-analyses were used to pool effect sizes, accounting for clustering within studies and biomarkers.
Results: We included 46 studies (54,382 participants); 190 effect sizes from 40 studies were pooled in three meta-
analyses (n = 178 effects from cross-sectional and case-control studies, n = 2 prospective studies, n = 10 RCTs).
In observational studies, cannabis use was associated with higher levels of anti-inflammatory (Standardized
Mean Difference (SMD) = 0.298; 95% Crl, 0.052, 0.536, PD = 99%) and pro-inflammatory biomarkers (SMD =
0.166; 95% Crl, 0.122, 0.209, PD = 100%), with credible differences by demographic factors, study design,
synthetic cannabinoids and recency of use. RCTs of cannabidiol suggested small increase of pro-inflammatory
markers (SMD 0.15; 95% Crl, —0.07 to 0.36; PD 90.9%). No consistent effects were observed in prospective
studies. There was no evidence of major publication bias.

Conclusions: Cannabinoid use is associated with concurrent pro- and anti-inflammatory modulation in non-
medical populations, consistent with immunomodulatory effects rather than a uniform pro- or anti-
inflammatory shift. Understanding the immunological impact of cannabinoids remains critical to anticipate
long-term health consequences and guide therapeutic development.

1. Introduction

et al., 2016; Volkow et al., 2016; Belvederi Murri et al., 2025); on the
other, several of its components are being explored for a range of ther-

Cannabis use is increasing worldwide, particularly in youth, driven
by changing legislation and reduced perception of risk (Connor et al.,
2021; D’Souza, 2023). Despite this, the health and biological conse-
quences of chronic cannabis exposure remain largely unknown (Hoch
and Lorenzetti, 2020).

Cannabis occupies a paradoxical role in modern medicine and public
health. On one hand, it is among the substances most consistently
associated with psychiatric, cognitive, and functional harms (Curran

apeutic applications, including pain, epilepsy, and inflammation (Solmi
et al., 2023). This contrast has intensified interest in its immunomodu-
latory properties, which date back to first evidence of anti-inflammatory
and analgesic effects (Berdyshev, 2000).

Cannabinoids modulate immune activity via CB1, CB2 and other
receptors expressed on innate and adaptive immune cells. Preclinical
studies have shown suppression of pro-inflammatory cytokines (e.g.,
Interleukin-6 (IL-6), Interleukin-1 beta (IL-1p), Tumour Necrosis Factor-
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alpha (TNF-a)) but also upregulation of anti-inflammatory mediators (e.
g., Interleukin-10 (IL-10)) (Giacobbe et al., 2021; Klein, 2005). First
reports, however, were mostly based on studies in patients with chronic
inflammatory diseases, such as multiple sclerosis (Lima et al., 2021),
leaving uncertainty on the effects in healthy subjects. In addition, these
effects may vary by compound, with A9-tetrahydrocannabinol (THC)
showing both pro- and anti-inflammatory effects, and cannabidiol (CBD)
generally regarded as an anti-inflammatory and immunomodulatory
agent. Most evidence to date derives from in vitro or animal models of
physical disease; translation to humans remains also largely unknown
(Henshaw et al., 2021). Previous human studies have yielded conflicting
or inconclusive results (Doggui et al., 2021; Moshfeghinia et al., 2024).
Some report increases in cytokines or indices such as the Neutrophil-to-
Lymphocyte Ratio (NLR), while others show no association or selective
anti-inflammatory effects. Prior meta-analyses, however, were limited
by narrow biomarker focus (e.g., only IL-6 or few other biomarkers) or
inclusion of a small number of studies (Candeloro et al., 2025; Doggui
et al., 2021; Moshfeghinia et al., 2024).

Peripheral inflammation is recognized as a cornerstone pathophysi-
ological mechanism contributing to cardiovascular, metabolic, neuro-
degenerative, and psychiatric conditions (Furman et al., 2019; Miller,
2020; Thylur and Goldsmith, 2022). Given the widespread use of can-
nabinoids and their emerging therapeutic applications (Whiting et al.,
2015), it is imperative from a public health perspective to clarify their
impact on inflammation, yet this remains complicated by overlapping
lifestyle factors, psychiatric comorbidity, and heterogeneous biological
mechanisms. This study aimed to synthesize the association between
regular cannabinoid use and peripheral inflammatory biomarkers in
humans, integrating data across biomarkers, populations, and different
study designs, and accounting for methodological and clinical sources of
heterogeneity.

2. Methodology

This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Page et al., 2021).

2.1. Eligibility criteria

Eligible studies were observational and experimental, assessing the
association between cannabinoid use and inflammatory biomarkers in
peripheral blood, serum, or plasma (see Supplementary Paragraph S1
for the full search strategy) of physically healthy participants, partici-
pants with substance addictions or psychiatric disorders.

Regarding cannabinoid use, we aimed at identifying studies focusing
on regular, either recreational, therapeutic or experimental, use of any
type of cannabinoid compound, without restrictions based on route of
administration or time since last use. We did not impose restrictions
based on the presence/absence of a cannabis-related diagnosis (e.g.
dependence, misuse). Similarly, we did not restrict inclusion on the
presence/absence of other psychiatric or substance use disorders, as
these conditions are often comorbid with cannabis use. However, we
sought to reduce the risk of confounding by excluding studies or data
from participant subgroups suffering from physical diseases, especially
of infectious, inflammatory, or chronic types. We also excluded studies
conducted in samples with other conditions that might affect inflam-
matory status, such as pregnancy or exercise. This was expected to filter
out a substantial stream of literature examining therapeutic applications
of medical cannabinoids (Solmi et al., 2023).

We adopted the additional following eligibility criteria: (1) partici-
pants had to be aged >18 years; (2) regular cannabinoid use needed to
be reported or documented, or experimentally administered; (3) studies
had to explicitly compare inflammatory biomarker levels between
Cannabinoid Users (CU) and Cannabinoid Non-Users (CNU), or between
epochs of use and non-use (e.g., in crossover Randomized Controlled
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Trials (RCTs)); (4) studies had to be published in peer-reviewed publi-
cations in English.

2.2. Search strategy, information sources, search strategy, selection
process

We searched PubMed, Scopus, PsycINFO, ClinicalTrials.gov and the
Cochrane library up to December 2023 (search strategies reported in
Supplementary Paragraph S1). Reference lists of included records and
relevant reviews were also screened for additional citations. Two re-
viewers (RG and AZ) independently screened titles, abstracts, and full
texts using the Rayyan platform (Ouzzani et al., 2016). Discrepancies
were resolved through discussion with a third reviewer (MBM).

2.3. Data collection process

Two reviewers (MBM and AZ) independently extracted data using a
standardized template. For each study, we recorded bibliographic in-
formation (first author, publication year), study design (case-control,
cross-sectional, prospective, experimental), and participant groups (e.g.,
healthy controls, clinical or other populations). Demographic and clin-
ical descriptors included group sample sizes, mean age and standard
deviation, proportion of male participants, Body Mass Index (BMI), and
prevalence of cigarette and alcohol use.

Cannabinoid exposure was classified as cannabis only, cannabis plus
other substances, or synthetic cannabinoids. Recency of use was coded
as recent or past, and assessment method as self-report or toxicological
screening. Inflammatory biomarkers were grouped as pro-inflammatory
or anti-inflammatory, and extracted alongside units and transformation
status (e.g., raw or log-transformed values). We also documented
whether analyses were unadjusted or adjusted for covariates. Discrep-
ancies in extraction were resolved through consensus.

2.4. Study risk of bias assessment

Two reviewers (RG and AZ) independently assessed the methodo-
logical quality of included studies using the National Heart, Lung, and
Blood Institute (NHLBI) Quality Assessment Tools appropriate for each
study design (e.g., case-control, cross-sectional, cohort, randomized).
Discrepancies were resolved through discussion. Attention was given to
the methods used for diagnostic classification, blinding of exposure as-
sessors, and the handling of potential confounding variables in the sta-
tistical analysis.

2.5. Effect measures

For each eligible comparison, raw data on inflammatory biomarker
levels and corresponding variability (e.g., standard deviation) were
extracted for cannabis users, non-users, and relevant subgroups. We
computed Standardized Mean Differences (SMDs) with 95% Confidence
Intervals (95% CI) as the primary effect measure for cross-sectional and
case-control studies, as well as for RCTs comparing cannabinoid versus
placebo groups at study endpoint. Where required, effect sizes were
derived from alternative data sources, including author correspondence,
digital extraction from figures (Drevon et al., 2017), or transformation
from other metrics (e.g., regression coefficients) using established for-
mulas (Harrer et al., 2021). For prospective studies, the most frequently
reported metric—standardized beta regression coefficients—was used to
capture the association between baseline cannabis exposure (i.e., joint-
years) and follow-up biomarker levels (i.e. log-transformed C-Reactive
Protein, CRP). For randomized controlled trials, we computed SMDs
from between-group differences at the study endpoint (cannabinoid vs
placebo). Adjusted effect size estimates were also extracted, where
available.
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2.6. Synthesis methods

Effects were pooled using a Bayesian framework, which represents
uncertainty across effect sizes. Separate analyses were conducted by
study design (cross-sectional/case—control, prospective, RCTs).

We fitted a hierarchical Bayesian meta-analysis, anticipating that
studies would report non-overlapping subsets of inflammatory bio-
markers and would vary in methodological quality. Multilevel meta-
analysis was preferred to exploit all available information while ac-
counting for the nested data structure, improving variance partitioning,
retaining all effect sizes without aggregation, and allowing precise
estimation of moderator effects (Fernandez-Castilla et al., 2020). Models
were estimated with the R package brms, using effect size and precision
as the dependent variable (Biirkner, 2017). We tested random effect
structures with effect sizes nested within studies, with additional clus-
tering by biomarker type (Shu et al., 2024), study design, and sample
type. Model selection was based on predictive accuracy with Pareto-
Smoothed Importance Sampling Leave-One-Out Cross-Validation
(PSIS-LOO-CV) and prior sensitivity analysis.

Interpretation of results was based on Average Marginal Predictions
(AMPs) and Average Marginal Effects (AMEs). AMPs represent the
predicted average effect size (SMD) for observations at a specific co-
variate level, maintaining other covariates at their observed distribution
(Arel-Bundock et al., 2024; Heiss, 2022). AMEs estimate the average
change in SMD when switching between covariate levels or after a unit
change for continuous moderators, while holding other variables con-
stant. These marginal estimates differ from conditional effects, which fix
covariates at reference values. For all estimates we report the Probability
of Direction (PD), i.e. the probability that the effect sizes (or effect size
differences) does not cross zero with their 95% Credible Intervals (CrI)
(Makowski et al., 2019).

Sensitivity analyses included: (1) a robust hierarchical model based
on Student t distribution, (2) models restricted to pro-inflammatory
biomarkers and to non-clinical samples, (3) models using constrained
priors, and (4) independent meta-analyses of each biomarker using
Bayesian model-averaged meta-analysiswith metaBMA (Heck et al.,
2017), without hierarchical pooling. Studies that met eligibility criteria
but lacked sufficient data for meta-analysis were included in a qualita-
tive synthesis, grouped by study design, biomarker type, and direction of
association. The supplement reports further information on data
synthesis.

2.7. Reporting bias assessment

Reporting bias was assessed through visual inspection of the funnel
plot and tested using Egger’s regression intercept.

3. Results
3.1. Study selection

The study selection process is detailed in the supplement, with the
PRISMA flow diagram (Fig. S1). The first electronic search yielded 5174
records, a second updated search, 3675. After removal of duplicates,
screening of titles and abstracts, 225 full-text records were assessed for
eligibility, 175 records were excluded (see Supplementary Table S1)
leaving 50 reports included in the review, corresponding to 46 studies.

3.2. Study characteristics

Fifty included reports corresponded to 46 studies, of which 25 had a
cross-sectional or case-control design (29 reports), 10 case-control, 5
prospective design and 6 reported clinical trials (Table 1). In total, the
studies involved 54,382 participants: 37,797 in cross-sectional or case-
—control designs, 16,099 in prospective cohort studies, and 486 in RCTs.

Six studies were retained for qualitative synthesis only, leaving 40
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studies for inclusion in three meta-analyses, 34 for the larger one of case-
control and cross-sectional studies, 2 studies for the meta-analysis of
longitudinal studies and 4 studies for the meta-analysis of RCTs. Among
reports included in the larger meta-analyses, 21 compared Cannabis
Users (CU) to Cannabis Non-Users (CNU) in populations of healthy in-
dividuals, with or without cannabis use or other substance use (Alasmari
etal., 2021; Alshaarawy, 2019; Alshaarawy et al., 2019; Alshaarawy and
Anthony, 2015; Andersen et al., 2021; Bayazit et al., 2017; Guler et al.,
2020; Guzel et al., 2017; Ibarra-Lecue et al., 2022; Keen et al., 2015,
2014; Lisano et al., 2020; Muniyappa et al., 2013; Ngueta et al., 2015;
Okafor et al., 2020; Orum and Kara, 2020; Pacifici et al., 2007, 2003;
Rajavashisth et al., 2012; Ribeiro et al., 2021; Stewart et al., 2024), 11
reports compared individuals with schizophrenia who used cannabis
(SCZ-CU) to those with schizophrenia who did not (SCZ-CNU) (Fond
et al., 2017, 2016; Fridman et al., 2023; Gibson et al., 2020; Goetz and
Miller, 2019; Ibarra-Lecue et al., 2022; Miller et al., 2018; Romeo et al.,
2024, 2022; Sehlikoglu et al., 2024; Szabo et al., 2020), one compared
individuals with bipolar disorder who used cannabis (BD-CU) to those
who did not (BD-CNU) (Szabo et al., 2020), 3 compared individuals with
alcohol use disorder with or without comorbid cannabis use (Fuster
et al., 2020; Grodin et al., 2024; Karoly et al., 2018), two compared
individuals with first-episode psychosis (FEP-CU vs FEP-CNU) (Di Nicola
et al., 2013), one from a longitudinal study (Kreis et al., 2025). Three
studies examined populations with various psychiatric disorders,
including depressive anxiety disorders and posttraumatic stress disorder
(PTSD) (Llorca-Bofi et al., 2024; Mongan et al., 2023; Rajasekera et al.,
2025).

Five prospective cohort studies were included (Costello et al., 2013;
Ferguson et al., 2019; Kreis et al., 2025; Meier et al., 2019, 2016), but
one did not report the association between baseline cannabis use and
inflammatory biomarker levels at follow-up (Kreis et al., 2025). Two
allowed to examine baseline association between cannabis use and
biomarkers (Ferguson et al., 2019; Kreis et al., 2025).

Six controlled trials compared cannabidiol (CBD) to placebo (Bryan
et al., 2025; Flores et al., 2023; Lisano et al., 2025; Mastrofini et al.,
2024; Morissette et al., 2021; R. Wang et al., 2023), of which four re-
ported extractable data, and were also randomized, thus were included
in the meta-analysis.

3.3. Risk of bias

Most studies were rated to be of fair quality. The most frequent
methodological limitations included non-representative sampling, un-
clear or biased selection of cases and controls, low participation rates,
and insufficient control for key confounders such as tobacco or alcohol
use. Of the four longitudinal studies, three were rated as good quality
and one as fair. Half of the RCTs were rated as fair, two good and one
poor. Risk of bias assessments are summarized in Supplementary
Tables S2-59. Inter-rater agreement between the two assessors was 88%.

3.4. Effect sizes

A total of 178 effect sizes were extracted from cross-sectional and
case—control studies (Supplementary Table S11). Of these, 158 were
relative to pro-inflammatory biomarkers and 20 to anti-inflammatory
biomarkers. The most frequently reported pro-inflammatory markers
were CRP (n = 29), IL-6 (n = 19), White Blood Cell (WBC, n = 11),
Monocyte percentage (n = 10), Neutrophil percentage (n = 10), TNF-a
(n =9), IL-8 (n = 7), IL-1 beta (n = 6). Among anti-inflammatory
markers, IL-10 (n = 7), Interleukin-1 Receptor Antagonist (IL-1RA) (n
= 3), Soluble Glycoprotein 130 (sgp130) (n = 3), Soluble Tumour Ne-
crosis Factor receptor (STNFr) (n = 3). Most effects were relative to non-
clinical (healthy) samples (75), while 38 effects were from participants
with schizophrenia, 20 from subjects with various psychiatric disorders,
14 from subjects with alcohol-related disorders. 8 with bipolar disorder,
and 7 with first-episode psychosis.
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Table 1
Study characteristics.

Study Study Design Risk Population (% male, mean Duration of cannabinoid use Inflammatory marker, Main findings (effect size 2,
of age + sd) measurement comment)
Bias !

Case-control and cross-sectional

Alasmari Case-control Fair 10 CUD, 100% male, Current: urinalysis Untargeted proteomic analysis The study identified 121
et al., 2021 age 24.4 + 3.6; Cannabis use history: of serum samples: 2D-DIGE, proteins, 55 upregulated and
2 10 CNU, 100% male, 2-5y: 4 Peptide mass fingerprints 66 downregulated in CUD

age 30.4 + 4.3 6-10y: 3 (PMFs) and Ingenuity Pathway patients compared with CNU.

>11y:3 Analysis (IPA) IPA suggested variance in the

expression of free radical
scavenging (reduced),
cellular compromise,
inflammatory proteins
(stimulated Acute Phase
Response proteins, reduced
Tumor Necrosis Factor Alpha-
Induced Protein 3),
atherosclerosis signaling
(reduced).
The study did not control for
anti-inflammatory drug
history.

Alshaarawy Cross-sectional Fair 20-59-year-old Recently active cannabis use —CRP Lower serum CRP levels for
et al., 2015; participants from the (assessed via confidential —Blood sample (latex-enhanced  recently CU among adults age
2019 National Health and Audio Computer Assisted Self- nephelometry) 20-59 years old, as compared

Nutrition Examination Interviews —WBC with US community residents

Surveys, of the same age who had

2005-2010Cannabis never smoked cannabis, with

smoking (%) no appreciable variation in

: relation to covariates or

e Never 4150 (39.8) subgroups studied. Total

e Former 3891 (48.0) WBC count was higher among

e Recently active 1115 heavy cannabis users than in

(12.2) never users. The study did not

control for anti-inflammatory
drug history.

Alshaarawy Cross-sectional Fair 5115 participants enrolled Cannabis use history —Fibrinogen (year 5) Compared to never use,
et al., in 1985—1986, and assessment and blood sample —CRP (year 7, 15, 20, 25) recent cannabis use was not
2019b followed up for over 25 —IL-6 (year 20) associated with any

years. biomarker after adjusting for

Cannabis smoking: Fibrinogen: Clauss method; potential confounders.

e Never 907 nephelometry-based assay Former cannabis use was

e Former 2699 CRP: nephelometry-based inversely associated with

o Recently active 701 assay; At Y25 Roche latex- fibrinogen levels, whereas the
particle enhanced associations were weaker for
immunoturbidimetric assay serum CRP.
IL-6: ultra-sensitive ELISA

Andersen Cross-sectional Poor 62 young adults 37% male,  Self-reported scaled cannabis — GPR15, CRP, Ratio of pro- There were significant

et al., 2021 age 30.7 £ 1.2; use (average use over the past inflammatory to anti- correlations between GPR15
11% only nicotine smokers  year on a zero to two scale). inflammatory cytokines. + Th cell percent and self-
11% only CU reported nicotine smoking
20% nicotine smokers + Current serum cotinine or THC ~ Blood samples: ELISA, Flow intensity and CU intensity.
CU positivity Cytometry; Bio-Plex Pro Human  GPR15 + Th cell percent was
Cytokine 17-Plex Immunoassay  significantly correlated with
serum THC positivity.
CRP was significantly
negatively correlated with
male
gender and positively
correlated with BMI but not
with cannabis or tobacco use.
The ratio of pro- to anti-
inflammatory cytokines was
positively correlated with
cigarettes per day and
showed a trend-level
association with self-reported
CU, but was not correlated
with serum cotinine or THC.
The study controlled for the
use of NSAIDs in the past
month.

Bayazit et al., Case-control Good 34 CUD, 100% male, Current use: urinalysis - IL-1B, IL-6, IL-8, IL-12p70, Levels of IL-1-p, IL-6, IL-8,

2017 age 26 £ 9; IFN-y, TNF-a TNF-a, TOS, OSI were higher

(continued on next page)
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Table 1 (continued)

Brain Behavior and Immunity 135 (2026) 106517

Study Study Design Risk Population (% male, mean Duration of cannabinoid use Inflammatory marker, Main findings (effect size 2,
of age + sd) measurement comment)
Bias !
34 CNU 100% male age 26 ~ Mean duration of cannabis use: - Plasma: ELISA in CUD subjects vs CNU, but
+8 55 + 7 months - Serum Total Antioxidant not those of IL-12p70, IFN-y-
Status (TAS), Total Oxidant and TAS. IL-6 levels
Status (TOS) and Oxidative correlated significantly with
Stress Index (OS], calculated TOS (R = 0.41) and OSI levels
as the TOS/TAS ratio) (ad- (R = 0.41). No significant
hoc automated colorimetric correlation between TAS,
method) TOS, O8I, IL-12, and IFN-y
levels in patients.
Although the study did not
control for a history of anti-
inflammatory drug use,
taking any medications was
one of the exclusion criteria
for participants.
Di Nicola Case-control Fair 24 first-episode psychotic Current use IL-1a, IL-1p, IL-2, IL-4, IL-6, CU patients had significantly
et al., 2013 patients: 66% male, IL-8, IL-10, TNF-a, IFN-y, VEGF, lower serum levels of IL-2 and
age 28.1 £ 1.1 EGF, MCP-1 mRNA levels of IL-1a, but
24 CNU: 62,5% male Serum: Chemiluminescent higher serum levels of MCP-1
age 29.6 + 0.9 immunoassay compared with CNU patients.
Leukocyte m-RNA expression The study did not examine
analyses — real time PCR the effect of cannabis on
cytokines levels in healthy
controls. The study did not
control for anti-inflammatory
drug history.
Fond et al., Cross-sectional Fair Year 2016: 219 SZ: 75,3% Interview with the Structured - CRP 2016 study: CRP levels
2016; 2017 male, age 31.6 + 10.6 Clinical Interview for Mental Hs CRP measured with significantly associated with
Year 2017: 345 SZ: 73% Disorders nephelometry (Dade Behring)  cannabis use in univariate,
male, age 32.3 + 9.8 but not multivariate analysis
2017 study: no significant
association between cannabis
use disorder and chronic
peripheral inflammation.
Fridman Cross-sectional Fair 34 SCZ-CU, 97% male, Use at least once in the last — NLR No significant differences in
et al.,, 2023 age 36.6 + 10.2; month — Blood samples (analysis NLR between SCZ-CU and
110 NO-SCZ-CU, 70.9% (either reported by the patient method not reported) NO-SCZ-CU. All other blood
male, or confirmed by a positive count parameters showed no
age 39.5 + 10.5 urine toxicology test) statistical significance.
The study did not control for
anti-inflammatory drug
history.
Fuster et al., Cross- sectional Fair 289 inpatients with AUD Current use; Urinalysis at — Blood plasma: sCD163, CU was associated with
2020 77.5% male, admission sCD14, IL-6 higher sCD163 levels, but not
age 43.5 + 57, of which: —CD163, CD164: Quantikine with IL-6 or sCD14 levels.
220 nicotine smokers ELISA The study did not control for
67 cocaine use — IL-6: Cytometric Bead Array anti-inflammatory drug
64 CU history.
32 cocaine + cannabis
14 opioids use
Gibson et al., Cross-sectional Fair 59 SCZ-CU, 67.7% male, Current use — CRP, IL-21, IL-6, IFN-Y, IL-12, IFN-y levels were lower in CU
2020 age 32.9 + 10.4; sil-2ra, IL-2, IL-1f, TNFa, sIL- compared to CNU, but not
60 SCZ-CNU, 70% male, Urinalysis at the admission 2Ra, IL-8, IL-10; significantly after adjusting
age 39 £ 12.9 — Blood samples collected in for covariates or multiple
sodium heparin tubes. comparisons. No other
Cytokines levels were measured  significant differences in
with commercially available inflammatory markers
multiplex cytokine/chemokine between groups.IL-6 levels
panels: negatively correlated with
— Mean number of days PANSS total score, as well as
between hospital admissionand  negative and positive
sample collection was 2.3 days subscale scores in patients
(SD = 1.8 days). with
CU.CU
subjects were significantly
younger, had lower BMIs
andtrend-level lower rates of
medical conditions that may
impact inflammation.
The study did not control for
anti-inflammatory drug
history.
Goetz et al., Cross-sectional Fair 18 SCZ-CU 61.1% male Current use — WBC, lymphocytes, There were no significant
2019 age 35.4 + 11.4 monocytes, neutrophiles, differences in total or other

(continued on next page)
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Table 1 (continued)
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Study Study Design Risk Population (% male, mean Duration of cannabinoid use Inflammatory marker, Main findings (effect size 2,
of age + sd) measurement comment)
Bias !
24 SCZ-Cocaine 62.5% Urine drug screen within 48 h eosinophils. differential WBC counts
male age 39.1 + 11.4 of admission — Blood sample. Total and based on marijuana use.Post
43 SZ 62.8% male differential WBCs were -hoc analysis: SCZ-CU women
age 39.6 + 12.6 analyzed using a COULTER LH had significantly higher
750 Haematology Analyzer. lymphocyte and a trend for
higher monocyte counts
versus SZ. By contrast, in men
there were no significant
differences in total or other
differential WBC counts
based on marijuana use.
The study did not control for
anti-inflammatory drug
history.
Grodin et al., Cross-sectional Fair 149 people with AUD Cannabis use severity over past ~ —IL-6 Recent cannabis use
2024 60,9% male, age 40.14 + 6 months assessed with the moderated the relationship
11.83 Cannabis Use Disorder Plasma levels evaluated with between alcohol
- N =133 either no recent  Identification Test Meso Scale Discovery MULTI- consumption and IL-6 levels.
cannabis use (n = 72) or SPOT Assay System Cannabis appeared to reduce
recent cannabis use (n = the inflammatory effect of
61). alcohol.
- N = 16 participants
reported inconsistent
cannabis use and were
excluded
Guler et al., Case-Control Poor 40 CU (synthetic Atleast 2 years (authorsdidnot ~ — IL-1p, IL-6, TNFa, MPO, TT, Lymphocyte DNA damage,
2020 cannabinoids), 100% male, specify if the last 2 years) NT, TOS, TAS, OSI; TOS, MPO activity, disulfide,
age 31.2 £ 5.8; —Plasma: ELISA O8I levels, IL-1p, IL-6, and
40 CNU, 100% male, TNF-a levels were
age 31.2 + 5.8 significantly higher in the CU
group than in the CNU.
TAS and NT levels were
significantly lower in CU vs
CNU.
The study did not control for
anti-inflammatory drug
history.
Guzel et al., Case-Control Fair 40 CUD (synthetic Current use: urine-analysis — WBC, lymphocytes, WBC, MCH, RDW, MCV,
2017 cannabinoids), 95% male, monocytes, neutrophils, neutrophils, monocytes,
age 28.5 +7.1; Consumption: more than one eosinophils, basophils, NLR UIBC, TIBC, and NLR were
40 CNU, 95% male, year —Blood samples: hemogram significantly higher in CUD
age 30.8 £ 6.3 parameters were measured patients compared to the
using aperture impedance CNU.
technology. MPV and lymphocytic
parameters were significantly
lower in CUD patients
compared to the CNU
The study did not control for
anti-inflammatory drug
history.
Ibarra-Lecue Case-control Poor 13 SCZ-CU, 92.3% male Current useToxicologic blood — IL-6 No difference in IL-6 between
et al., 2022 age, 38 + 2.9; test — Plasma: ELISA CUD and SCZ-CU vs CNU.In
26 CUD, 80.7% male, (TCNU was found in the blood people with SCZ-CNU, IL-6
age 32.5 + 1.9; of 25 CUD patients, 2 CUD_SZ levels were significantly
22 SCZ-CNU, 59% male, subjects and 1 SZ patient) higher vs CUD, SCZ-CU and
age 48.4 + 1.8; CNU.
36 CNU, 83.3% male, The study did not control for
age 33.9 £ 3.1 anti-inflammatory drug
history.
Karoly et al., Cross-sectional Fair 66 regular drinkers (any Current use —IL-6, IL-1p, IL-8 IL-1p: CU had a significant
2018 level —Plasma: Quantikine HS ELISA  negative effect on IL-1p

Cannabis days in the last 90
days assessed by the Timeline

of drinking over the past 3
months) male 48.5%, age

30,08 + 4.7 Follow back (TLFB)
32 CNU = 23.61 day
32CU

2 Other substances

levels. Drinks Per Drinking
Day did not have a significant
impact on IL-1p.

IL-6: an alcohol by cannabis
interaction predicting
circulating IL-6 was found.
CNU demonstrated a
significant positive
association between alcohol
consumption and IL-6,
whereas CU showed no

(continued on next page)
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Study

Study Design

Risk Population (% male, mean
of age + sd)
Bias

Duration of cannabinoid use

Inflammatory marker,
measurement

Main findings (effect size 2,
comment)

Keen et al.,
2014

Keen et al.,
2015

Kopczynska
et al., 2019
2

Lisano et al.,
2020

Llorca-Bofi
et al., 2024

Miller et al.,
2018

Cross-sectional

Cross-sectional

Case-control

Cross-sectional

Cross-sectional

Cross-
sectional

Fair 46 CU, 67.4% male,
age 41.3 + 11.7;
45 CU + drugs, 60% male,
age 48.6 = 7.5;
78 CNU, 33.3% male,
age 46.6 + 13

Fair 46 CU, 67.4% male,
age 41.3 £ 11.7;
45 CU + drugs, 60% male,
age 48.6 = 7.6;
77 CNU, 32.5% male,
age 46.6 + 13

Fair 136 First Episode Psychosis
— ICD codes F20-29 and
F30-33.
(94 CU, 83 CU + nicotine
smokers) 71,11% male,
age 32.51 £ 10.12,
42 CNU (14 CU, 9 CU +
nicotine smokers) 45.24%
male,
age 37.55 + 14.44,

Fair 15 CU, 66.6% male,
age 23.4 £+ 4.4;
15 CNU, 66.6% male,
age 23.4 £ 4.4

Good 719 individuals with
psychiatric dx with
negative toxicology, age
44.93 + 16.16, male
49%
208 individuals with
psychiatric dx with
positive toxicology test:
o 168 cannabinoids, age
33.89 + 10.25, 46%
male
o 13 opiods, age 42.95
+ 15.12, 31% male
o 27 cocaine, age 38,93
=+ 9,22, 59% male
Fair Data from CATIE
schizophrenia trial dataset.
47 SCZ-CU, 83.7% male,
age 32.8 + 10.2;
19 SCZ-Cocaine, 78.9%
male, age 37.4 + 10.2;
490 SZ, 73.3% male, age
40.2 +11.4

Lifetime: self-report

Lifetime: self-report

Lifetime: self-report

>1time/week last 6 month:
self-report

(average 18.00 + 10.12 days
over the past 30-days with 1.67
=+ 0.72 uses per day used);
Average CU duration: 6.87 +
3.94 years.

Toxicology test (blood and
urine)

Current use: Urine drug
screening

— IL-6
— Serum: ELISA

—TNF, IL-1a
—Serum: ELISA

CRP
—Serum: ELISA

— IL-6, CRP
— Serum: ELISA

— WBC count

— CRP

— NLR, MLR, PLR
Flow cytometry

— Total and differential WBC,
CRP, IL-6, E-selectin,
intercellular adhesion molecule
1 (ICAM-1), and vascular cell
adhesion molecule 1 (VCAM-1),
adiponectin and leptin.

— Plasma: Luminex bead-based

association.

IL-8: No significant effects on
IL-8 levels were found from
any of the factors examined
(alcohol or CU).

The study did not control for
anti-inflammatory drug
history.

IL-6 levels were lower in CU
compared to CNU. No other
significant differences were
observed between CU vs NO-
CU as well as CU vs CU +
drugs.

The authors did not
specifically control for anti-
inflammatory drugs, as they
lacked information on the
intended use or names of the
medications, except for the
exclusion criteria related to
psychological disorders and
brain trauma.

CU was not significantly
associated with IL-1a levels
adjusting for demographic
and physiological variables.
CNU were more likely to have
higher TNF levels than CU.
The authors did not
specifically control for anti-
inflammatory drugs

CRP did not significantly
differ between CU and CNU
The study did not control for
immediate previous history of
infectious illness or anti-
inflammatory drug history.

Serum IL-6 and CRP did not
significantly differ between
CU and CNU

The study did not control for
anti-inflammatory drug
history.

Cannabis-positive patients
exhibited higher WBC,
neutrophil, monocyte, counts
and lower PLR versus
cannabis-negative
individuals, with moderating
effects of age, diagnosis, and
benzodiazepine use; effects
were most pronounced in
psychotic disorders.

CU had lower IL-6 than CNU,
but post-hoc analysis did not
confirm a significant
difference.

Plasma CRP did not
significantly differ between
CU and CNU.

The study did not control for

(continued on next page)
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Study Study Design Risk Population (% male, mean Duration of cannabinoid use Inflammatory marker, Main findings (effect size 2,
of age + sd) measurement comment)
Bias !
assays. anti-inflammatory drug
history.
Mongan et al.,  Cross-sectional Fair 781 participants Regular cannabis use; NR —IFN-y, TNF-q, IL1-f Did not directly analyse the
2023 - 377 cases with —IL2, IL4, IL6, IL8, IL10, IL13 association between cannabis
psychiatric disorders age —CRP use and inflammation.
24.1 + 0.8, male 24.9% From peripheral blood samples
(n = 42 with CU);
- 35 with psychotic
disorder
- 202 with depressive
disorders;
- 268 with GAD
- 404 controls age 24.0 +
0.0, male 47.3% (n = 13
with CU)
Muniyappa Cross-sectional Fair 30 CU 60% male, age 27 + At least 4 days per week for the ~ —hsCRP This study found no
et al,, 2013 8; 30 CNU 60% male, age last 6 months. — Plasma: Method not reported  significant differences in
27 +7 Years of use: 12 + 9 hsCRP levels between CU and
Joints per day: 9.5 + 8.4 CNU
The study did not control for
anti-inflammatory drug
history.
Ngueta et al., Cross-sectional Fair 335 CNU Last 12 months: Self-report — hsCRP, IL-6, TNFa Cannabis use not associated
2015 25% male, —Plasma hsCRP: highly with significant differences of
age 43.3 £ 0.7; sensitive CRP assay; inflammatory marker levels.
451 CU — Plasma IL-6, TNFa: ELISA The study did not control for
60.2% male anti-inflammatory drug
Age 32.2 + 0.6 history.
Okafor et al., Cross-sectional Fair Wave 1 (2013-2014) of the ~ Recent cannabis use (past 30 —hsCRP CU associated with lower
2020 Population Assessment of days) Self-report —IL-6 levels of systemic
Tobacco and Health study. —Fibrinogen inflammatory markers.
N = 5,363 adults, median Specifically, past 30-day
age 38, 50.7% male. —Serum or plasma using the cannabis use showed an
N = 315 reported CU Cardiac C-reactive Protein inverse association with
Sensitive immunoturbidimetric hsCRP in crude and fully
assay on the automated Roche/  adjusted models, which
Hitachi cobas ¢ 311 modules. remained significant after
—ELISA adjustment for
sociodemographic factors,
health behaviours, and BMI.
Similarly, recent cannabis use
associated with lower IL-6
and fibrinogen levels in
bivariate analyses; however,
these associations were
attenuated and became non-
significant after multivariable
adjustment. No significant
associations were observed
for less recent cannabis use;
no sex interactions were
detected.
Oriim et al., Case-control Good 56 CUD, 100% male, Urine toxic screening test — CBC, MLR, PLR, NLRMONO% Monocytes number was
2020 age 23.7 £ 5.5; negative for the last 4 weeks. — Peripheral venous blood significantly higher in CUD
56 OUD, 100% male, sample: CELL-DYN 3700 SL compared with CNU and OUD
age 23.6 = 5.3; analyser (p = 0.018).MLR was
56 CNU, 100% male, significantly higher in the
age 26.2 + 4.8 CUD compared to OUD
(p = 0.049).
PLR was significantly
different from the other two
groups in the OUD group.
The study did not control for
anti-inflammatory drug
history.
Pacifici et al., Cross-sectional Fair 2003 study: Use during the previous 6 — IL-2, IL-10, TGF-p1 Cannabis use was associated
2003; 2007 32 CNU 72% male months — Plasma: ELISA with a decrease in IL-2 levels,
age 22, and an increase in levels of IL-

13 occasional CU 92%

Occasional CU: eventual to

10 and TGF-p1.

(continued on next page)
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Study Study Design Risk Population (% male, mean Duration of cannabinoid use Inflammatory marker, Main findings (effect size 2,
of age + sd) measurement comment)
Bias !
male, age 21, monthly use; The study did not control for
16 regular CU Regular CU: weekly to daily anti-inflammatory drug
37% male, age 23 use; history.
2007 study: Urinalysis MDMA + CU showed a
37 MDMA + CU 51% male significant increase in anti-
age 23.5 + 3.5, inflammatory TGF-f1 and a
23 CU, 35% male age 22 + decrease in pro-inflammatory
1.9, IL-2, indicating a shift
34 CNU 27% male age 22 towards an
+ 2.6 immunosuppressive profile.
In contrast, cannabis-only
users exhibited no significant
difference in TGF-$1 but had
reduced IL-2 levels, though to
a lesser extent than MDMA—
CU.
The study did not control for
anti-inflammatory drug
history.
Rajasekera Case-control Fair 88 participants with PTSD ICD-10 Diagnosis of CUD — CRP, IL-1, IL-6, IL-8, IL-18, Did not primarily examine
et al.,, 2025 (50% male); mean age 37; TNFa association between cannabis
n = 6 with CUD; and inflammatory
85 HC (mean age 38); n = —Immunoassay multiplex biomarkers. Analysis of
0 with CUD Stable isotope dilution liquid primary data provided by
chromatography/tandem mass authors did not yield
spectrometry significant association.
Rajavashisth Cross-sectional Fair 10,896 adults, Age Lifetime: self-report — CRP CRP: d = -0.374 (95% CI
etal., 2012 20—59 years: — Serum: latex-enhanced —0.460—0.287)
6667 CNU 42.9% male. Past CU: not used marijuana in ~ nephelometry CRP: d = 0.390 (95% CI
3346 past CU: 53.6% male the past month 0.278 0.501)
883 current CU: 64.4% Light current use CRP: d = -4.946 (95% CI
male (<4 days per month): 557 —5.027—4.866)
Heavy current use All marijuana users had a
(>5 days per month): 326 higher prevalence of CRP <
0.5 mg/dl (p < 0.0001);
Serum CRP was significantly
(p < 0.001) lower in past
marijuana users compared to
current and non marijuana
users suggesting lower
inflammation in past
marijuana users.
The study did not control for
anti-inflammatory drug
history.
Ribeiro et al., Cross Poor 21 CU, 100% male, age Current use: urinalysis — CRP, TNFq, IL-6, IL-10 CRP: higher in CU + cocaine
2021 Sectional 28.6 + 8.5; — Serum CRP: turbidimetric compared to CNU and CU.
12 Cocaine users, 100% assay TNF-a: Significantly lower in
male, age 38.7 + 4.9; — Plasma TNFa, IL-6, IL-10: CU compared to
27 CUD + cocaine, 100% ELISA CNU.IL
male, age 32.3 + 7.9; -6: Lower in CU compared to
21 CNU, 100% male, age CNU. Higher in CU + Cocaine
33.4+9.7 compared to CU.IL
-10: No significant differences
among groups.
The study did not control for
anti-inflammatory drug
history.
Romeo et al., Cross-sectional Fair 2022 study of acutely ill Urinalysis at baseline (current — hsCRP, Monocytes 2022 study:
2022; 2024 inpatients: use) and 4 weeks after CU patients had lower CRP
17 psychotic CU, age 32.7 cessation and higher lymphocyte

+ 8.2, 94% male
21 psychotic CNU, age 38.5
+ 11.4, 85,7% male

2024 study:102 psychotic
inpatients (including SZ,
SZ-AFF, FEP, delusional,
bipolar disorder and
psychotic MDD)

5

counts compared with non-
users. Following cannabis
cessation, CRP and
lymphocyte levels increased,
abolishing between-group
differences at follow-up,
except for persistently higher
lymphocyte counts in former
users.

(continued on next page)



M. Belvederi Murri et al.

Table 1 (continued)

Brain Behavior and Immunity 135 (2026) 106517

Study Study Design Risk Population (% male, mean Duration of cannabinoid use Inflammatory marker, Main findings (effect size 2,
of age + sd) measurement comment)
Bias !
65 psychotic CU, 69% 2024 study:
male, age 40.4 + 13.7; Baseline: psychotic CU
37 psychotic CNU, 78% showed higher total WBC and
male, age 32.1 + 9.85 monocyte vs psychotic CNU.
Result became non-
significant after adjusting for
age, gender, smoking status,
BMI and diagnosis
After 4 weeks of cessation:
psychotic CU showed higher
WBC and monocyte counts vs
psychotic CNU. Difference
persisted adjusting for age,
gender, smoking status, BMI
and diagnosis.The study
controlled for the use of
NSAIDs (non-steroidal anti-
inflammatory drugs)
in the past month.
Sehlikoglu Case-control Fair Outpatients from alcohol Precedent diagnosis and report - WBC; Monocytes. WBC, neutrophils,
et al., 2024 and drug addiction Venous blood samples; NR monocytes, SII and SIRI were
treatment centre - Neutrophil; BLR; NLR; MLR; higher in methamphetamine
76 CU and Meth users, age SIIIL; SIRI and CU compared to controls
28.9 + 7.1, male 100%
78 HC, age 26.7 =+ 5.6,
male 100%
Stewart et al., Cross-sectional Good 88 patients with substance  Urine drug and breathalyzer — CRP Among women with SUDs,
2024 use disorder, age 18-56, screen — IL-8 CRP levels were lower than
48% male — IL-10 those without SUD; no
96 patients without significant difference in IL-8
substance use, age 18-56, Neuroinflammation Panel 1 and IL-10 levels.
19% male Human Kit
Szabo et al., Cross-Sectional Fair 60 SZ_CU, 73.3% male, age Use in the last 6 months prior to — SGP130, YKL40, CatS, The circulating levels of
2020 26 +7.7; blood sampling sTNFR1, BDNF, IL-1RA, sgp130 were significantly
37 BD_CU, 51.4% male, CXCL16, vWF, OPG, and PTX3; higher among cannabis users
age 29.2 + 9.3;341SZ Urinalysis — Plasma: ELISA in the SCZ group after
(including schizophrenia, mRNA expression adjustment for the number of
schizoaffective, measurements: gene expression  tests performed (p = 0.002).
schizophreniform) microarray No significant difference in
, 52.8% male, age 31.9 + sgp130 levels between
10.5;205 BD (Including usersand non-users was
type I, type II and not observed in the BD group
otherwise specified) (p =0.87).
, 39% male, age 35.5 + No significant differences
12.6 were found with respect to
the other markers.
Changes in the plasma
concentrations of sgp130,
were not accompanied by
corresponding changes at the
gene expression level
indicating limited
contribution from peripheral
immune cell modulation.
The study did not control for
anti-inflammatory drug
history.
Longitudinal
Costello et al.,  Prospective; FU Good N = 1334, 51% male; age Substance use was defined as — CRP Higher CRP levels were
20132 period: 5-6 14.1 +£7.9; 7.5% CU 3.8% use of Cannabis in the past 3 — Bloodspots collected and observed in cannabis users
years CUD months assayed for CRP with and individuals with CUD,

CUD was defined by DSM-IV

10

biotin-streptavidin based
immune-fluorometric system

but the prospective
association between baseline
cannabis use and follow-up
CRP levels was not
statistically significant after
adjusting for co-occurring
substance use and other
covariates. Whereas higher
CRP levels predicted cannabis
use and nicotine dependence
at the next assessment, but
the association was non-

(continued on next page)
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Study Study Design Risk Population (% male, mean Duration of cannabinoid use Inflammatory marker, Main findings (effect size 2,
of age + sd) measurement comment)
Bias !
significant after adjustment.
The study did not control for
anti-inflammatory drug
history.
Ferguson Prospective; FU Fair N = 13155, 50% male; Lifetime — CRP Marijuana use was associated
et al., 2019 period: 6 years 2156 CU, 62% male, Past 30 day marijuana use was — Blood samples: ELISA with lower CRP, but the effect

Kreis et al.,
2025

Meier et al.,
2016

Meier et al.,
2019

Randomized
Controlled
Trials

Bryan et al.,
20252

Prospective; FU Good
period: 10 years
Prospective; FU Good
period: 20 years
Prospective; FU Good

period: 20 years

Registration,
design, length

NCT04114903; Fair
Pseudo-RCT, 4
wk

10,999 CNU, 46.7% male

N = 320 FEP, median age
25, 58% male

71 CU, 242 NCU

Lost to follow- up n = 188

N = 1037, 52% male, age:
18.

Analyses in 947
participants with
laboratory health data:
265 CU

675 CNU

171 CUD

N = 253, 100% male, Age
at recruitment: 6.9 years
198 CU

55 CNU

Study sample

97 CU (>weekly use/> 8
use per month for > 12
months) for age 21-40
pseudo-randomized to:
THC group n = 47, 66%
male

CBD group n = 9, 44%
male

THC + CBC group n =
41, 66% male,

CNU comparison group
n = 28 non-randomized;
43% male

assessed in Waves III and IV
and past year marijuana use
was also assessed at Wave IV of
the National Longitudinal
Study of Adolescent to Adult
Health

At baseline, self-reported past
6-months cannabis use (yes/
no)

Lifetime

CU and CUD assessed at ages
18, 21, 26, 32, and 38
Cumulative joint-years was
estimated using

self-reported frequency of
cannabis use over the past year.
One joint-year reflects the
equivalent of daily cannabis
use for 1 year.

CUD: DSM

Lifetime

CU was assessed yearly from
approximately ages 12 to 20
years and again at
approximately ages 26, 29, and
32 years.

Cannabis joint-years was
estimated based on reported
frequency of CU for the past
year at approximately ages 12
to 20, 26, 29, and 32 years. One
cannabis joint-year is
equivalent to daily CU for 1
year.

Trial design

Previous CU for 4 weeks self
reported

11

— CRP

— IL-1RA

— sIL-2R

— sgp130

— sTNFR1

enzyme immunoassays

— hsCRP
— Plasma:
immunoturbidimetric assay

— IL-6, hsCRP

— Blood samplesIL-6 (ELISA);
hsCRP
(immunoturbidimetric assay)

Inflammatory biomarker

— TNFaq, IL-1b, IL-4, IL-6, IL-10,
IL-12, IFNG, MCP-1 used to
compute latent inflammatory
index

— Quanterix Simoa CorPlex
Cytokin Panel and Quanterix
Chemokine Panel. ELISA

became non-significant
adjusting for gender, BMI,
and non-steroidal anti-
inflammatory drug use.

No significant baseline
differences in any
inflammatory marker
between CU and CNU. The
study did not directly
examine the prospective
association between cannabis
use and inflammatory
biomarkers.

Significant cannabis-
dependent interactions
emerged for biomarkers
predicting psychiatric
outcomes. For instance, in
CU, higher baseline CRP and
IL-1RA levels were associated
with lower risk of
readmission over 10 years,
while no associations were
observed in non-users.
Cannabis use was not
associated with CRP levels.
The study controlled for the
use of NSAIDs (non-steroidal
anti-inflammatory drugs)

in the past month.

The results of the study
indicate that cannabis use
from approximately age 12 to
32 years was not associated
with differences in IL-6 or
hsCRP, but with lower
cardiometabolic risk factors.
The study controlled for the
use of NSAIDs (non-steroidal
anti-inflammatory drugs)

Main findings

CU associated with a reduced
inflammatory profile already
at baseline, compared with
CNU. More frequent use was
associated with less
inflammation. Difference in
overall inflammation
persisted at 4 weeks with no
significant between-group
differences (THC-dominant,
THC + CBD, and CBD-
dominant). No differences in
insulin sensitivity. IL-10 was

(continued on next page)
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Study Study Design Risk Population (% male, mean Duration of cannabinoid use Inflammatory marker, Main findings (effect size 2,
of age + sd) measurement comment)
Bias !
consistently non-significant;
MCP-1 increased over time in
THC and CBD groups (with
users > nonusers at 4 weeks),
but not in THC + CBD or CNU
group. Individuals CU had
higher physical activity levels
than CNU.
Flores et al., NCT04881539; Poor 48 Healthy individuals, 8-Week RCT of 50 mg CBD — CRP No significant between-group
2023 RCT, 8 wk 50% male, age 25 + 623 daily vs placebo. — Serum: ELISA differences in CRP levels post-
CBD 6 weeks of abstinence from CBD. The study controlled for
(50 mg)25 Placebo cannabis (either the use of NSAIDs in the
(225 mg of medium-chain tetrahydrocannabinol (THC) previous month.
triglyceride) and/or CBD), and no chronic
alcohol and/or drug use
Lisano et al., NCT03491384; Fair 171 subsample of trial on 4 weeks —IL-1a No group-dependent change
2025 2 Pseudo-RTC, 4 anxiety individuals (GAD-7  THC + CBD: 12% THC / 12% —IL-1b in cytokine composite over 4
wk score > 5), mean age 31.4 CBD —IL-6 weeks (group x time
+ 12.3, 45% male: THC-dominant: 24% THC / —IL-8 interaction). Baseline
NCU non-randomized n = <1% CBD —IL-12 inflammatory state displayed
24, age 31.75 + 11.8,33%  CBD-dominant: <1% THC / — TNFa moderation group x time
male 24% CBD changes in negative affect
Use at libitum — Ciraplex Human Cytokine 10- ~ (DASS-21) and sleep quality
@ THC n = 44, age 32.70 plex Array, Ciraplex Human (PSQID)
+ 13.40, 48% male Cytokine 10-plex Array, or the
@® CBDn = 52, age 29.67 Ciraplex Human Cytokine 7-
+ 11.39, 44% male plex Legacy Array
@ THC + CBD n = 51, age
31.71 + 12.66, 49%
male
Mastrofini NCT05212402; Fair 54 HC, age 25 + 7, 50% 13 weeks RTC of CBD 50 mg/ — TNFa Over 12 weeks there were no
et al., 2024 RCT, 12 wk male: ml/day. — IL-6 group, time, or group x time
e 27 placebo group (1 lost ~ Checks on baseline, 30 days, —IL-10 effects on inflammatory
to follow up) 60 days and 90 days. — WBC biomarkers (TNF-a, IL-6, IL-
e 27 CBD 50 mg/ml (1 lost — NEU 10), indicating no detectable
to follow up) — MONO anti-inflammatory effect of
CBD. Exploratory sex-

— Blood sample, NR stratified analyses reported
lower cytokine levels in
placebo among men, which
the authors attribute to
baseline imbalance rather
than treatment effect.

Morissette NCT02559167; Good 48 cocaine use disorder (up ~ 13-week RCT of CBD 400 mg/ — IL-6, VEGF-A, monocytes CBD was associated with
et al., 2021 RCT, 13 wk to 2 weeks prior day on days 2 and 3; then — Plasma: Fluorescent flow lower IL-6, VEGF-A and
admission), 81.2% male, increased to 800 mg/day from cytometry e electroluminescent  intermediate monocytes
age 46 + 11 day 4; assay (CD14 + CD16 + ) levels. No
e 24 CBD (800 mg) CBD 800 mg daily vs placebo; significant differences for IL-
e 24 Placebo 12 wk 16, T cells, B cells and NK.
10 days of cocaine Lower number of activated
detoxification before being mature NK cells
enrolled. (CD56"¢CD16M) with poor
cytotoxic activity in the CBD
arm.
Lymphocyte subpopulations
of CD25 + CD4 + T was
significantly higher in CBD
than PLB. This increase was
caused by higher levels of
CD25 + CD4 + Tem, CD25 +
CD4 + Temra and CD25 +
CD4 + Tn.
The sensitivity analysis
excluding participants who
were taking anti-
inflammatory drugs, revealed
similar results
Wang et al., NCT01747850; Good 40 individuals with CUD Nabiximols is cannabinoid — WBC Subchronic high dose
2023 RCT, 12 wk randomized to: buccal spray (27 mg/ml THC nabiximols had no significant

e Placebo n = 20, age 35.3
+13.1, 70% male (6 lost
to follow up)

e Nabiximols n = 20 age
30.7 + 10.4, 75% male
(7 lost to follow up)

and 25 mg/ml CBD) licensed
for multiple sclerosis.

12-week; max dose of 105 mg/
day

— Blood sample

impact on WBC. No
differential change over time
(treatment x time), like other
liver, renal, or
haematological biomarkers

12
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Abbreviations: 2D-DIGE, Two-Dimensional Differential Gel Electrophoresis; AUD, Alcohol Use Disorder; BD, Bipolar Disorder; Clinh, C1 Inhibitor; C1q, Complement
Component 1q; C3, Complement Component 3; C4, Complement Component 4; C5, Complement Component 5; CatS Cathepsin S; CBC, Complete Blood Count; CBD,
Cannabidiol; CNU, Non-Cannabis-Use/Users; CU, Cannabis-Use/Users; CUD, Cannabis Use Disorder; CXCL16, Chemokine C-X-C Motif Ligand 16; DSM-IV, Diagnostic
And Statistical Manual Of The American Psychiatric Association, Fourth Ed; EGF, Epidermal Growth Factor; ELISA, Enzyme-Linked Immunosorbent Assay; FB, Factor
B; FH, Factor H; FHR1/2/5, Factor H Related Proteins 1, 2, And 5; Crl Complement Receptor 1; GPR15, G-Protein Coupled Receptor 15; hsCRP, High-Sensitivity C-
Reactive Protein; IFN-Y, Interferon-Y;IL-1RA, Interleukin 1 Receptor Antagonist; IL-1, Interleukin 1 Beta; IL-6, Interleukin 6; MCH, Mean Corpuscular Hemoglobin;
MCP-1, Monocyte Chemotactic Protein-1; MCV, Mean Red Blood Cell Volume; MDMA, 3,4-Methylenedioxy-Methamphetamine; MIP-1, Macrophage Inflammatory
Protein; MCP-1, Monocyte Chemoattractant Protein-1; MLR, Monocyte-To-Lymphocyte Ratio; MONO%, Monocyte Percentage; NEU, Neutrophils; NLR, Neutrophil-To-
Lymphocyte Ratio; NT, Native Thiol; MPO, Myeloperoxidase; OPG, Osteoprotegerin; OSI, Oxidative Stress Index; OUD, Opioid Use Disorder; PLR, Platelet-To
Lymphocyte Ratio; PTX3, Pentraxin 3; RCT, Randomized Controlled Trial; RDW, Red Blood Cell Distribution Width; SIII, Systemic-immune inflammatory index;
SIRI, Systemic-inflammation response index; sgp130, Soluble Gp130; sSTNFR1, Soluble Tumor Necrosis Factor Receptor 1; TAS, Total Antioxidant Status; TCC, Ter-
minal Complement Complex; TGF-B1, Transforming Growth Factor; TIBC, Total Iron-Binding Capacity; TNF-A, Tumor Necrosis Factor-Alpha; TNF-A, Tumor Necrosis
Factor-Alpha; TOS, Total Oxidant Status; TT, Total Thiol; UIBC, Unsaturated Iron-Binding Capacity; VEGF-A, And Vascular Endothelial Growth Factor-A; vWF,
Willebrand Factor; wk, Weeks; YKL40, Chitinase-3-Like Protein.

Risk Of Bias Assessed With NIH Quality Assessment Tool (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools); see Supplementary Materials for
details: Risk of bias; Not included in meta-analyses.

Twelve effect sizes were extracted from four prospective studies biomarker, and included a series of fixed effects for methodological,
(Table S11). All estimates referred to CRP, but differed in predictor type, demographic and cannabis-related moderators (Supplementary
effect metric, transformation of the outcome, and model adjustment. Table S13). The model converged well and was robust to the power-
Ten effect sizes were extracted from four RCTs, reflecting between- scaling sensitivity analysis. It had the best out-of-sample predictive ac-
group differences in CRP, IL-6 and IL-16 and other biomarkers curacy (57.3% cases with Pareto k values below 0.7; Fig. S2) and
following CBD and nabiximols administration (Table S12). explained 67.6% of the variance in effect sizes (Bayesian R2), 49.3%

excluding random effects.

Average Marginal Predictions (AMPs) showed that, compared with
CNU, CU are likely to display a consistent increase in inflammatory
markers across all categories (Fig. 1, Table 2). Predicted SMDs were
significantly above zero for both anti-inflammatory (SMD = 0.298; 95%
Crl, 0.052, 0.536, PD = 99%) and pro-inflammatory biomarkers (SMD =
0.166; 95% Crl, 0.122, 0.209, PD = 100%), indicating a robust overall
association with cannabis use, slightly higher and with larger uncer-
tainty for anti-inflammatory markers. The corresponding marginal ef-
fect (AME = -0.132; PD = 83%) suggested a possible difference in effect

3.5. Multilevel meta-analysis and meta-regression of cross-sectional and
case-control studies

Hierarchical meta-analysis and meta-regression models converged
well. To ensure comparability across models, missing socio-
demographic moderator data for two studies (age and gender) were
imputed at the mean sample value. After comparing incremental
models, the final model had a cross-classified random effect structure,
with independent varying effects for study, nested within sample type, and
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Fig. 1. Marginal predictions of effect size: hierarchical meta-regression analysis.
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Table 2

Marginal predictions and marginal effects from the multilevel meta-analysis of cross-sectional and case-control studies.
Average Marginal Predictions * Estimate CrI low Crl high PD Average Marginal Effects b Estimate 95% Crl PD
Anti-inflamm. 0.298 0.052 0.536 99.04%
Pro-inflamm. 0.166 0.122 0.209 100% Pro-inflamm. — Anti-inflamm. —-0.132 [-0.40, 0.14] 83.17%
Case-control / pro-inflamm. 0.655 0.578 0,733 100%
Case-control / anti-inflamm. 0.292 0.089 0.492 100%
Cross-Sectional / pro-inflamm. —0.008 —0.043 0.026 67.91%
Cross-Sectional / anti-inflamm. 0.367 0.277 0.457 100% Cross-Sectional — Case-control 1.498 [0.35, 2.72] 99.3%
Healthy 0.240 —0.281 0.751 82.73%
Clinical 0.119 —-0.422 0.668 67.25% Other — Clinical -0.122 [-1.17, 0.95] 59.27%
Cannabis 0.150 —0.021 0.325 95.81%
Cannabis/alcohol —0.020 -1.603 1.576 51.03% Cannabis/alcohol — Cannabis —0.170 [-1.78, 1.45] 58.49%
Synthetic C. 1.550 —0.087 3.214 96.78% Synthetic C. — Cannabis 1.400 [-0.35, 3.17] 94.29%
Cannabis/methamphetamine —0.530 —2.837 1.738 68.22% Cannabis/meth — Cannabis -0.677 [-3.12,1.73] 71.62%
Past —0.347 —0.399 —0.294 100%
Recent 0.259 0.227 0.291 100% Recent — Past 0.606 [0.56, 0.65] 100%
Self-report 0.257 —0.257 0.763 84.22%
Toxicological screening 0.129 —-0.215 0.477 77.2% Tox. — Self-report -0.129 [-0.98, 0.73] 62.02%
Poor 0.148 —0.539 1.058 70.35%
Fair 0.171 0.028 0.266 98.77% Fair — Poor 0.014 [-0.94, 0.72] 54.67%
Good 0.209 —0.356 1.010 82.04% Good — Poor 0.076 [-1.26, 1.36] 54.67%
Continuous moderators
Average Marginal Predictions ¢ Estimate CLlow CLhigh PD Average Marginal Effects Estimate 95% Crl PD
Study year min (2003) 0.570 —1.060 2.153 76.2%
Study year max (2025) 0.055 —0.453 0.577 58.8% 1 year increase —0.023 [-0.12, 0.07] 68.9%
Mean age in CU min (22) 0.500 0.013 1.071 97.8%
Mean age in CU max (50) —0.541 -1.819 0.558 82.7% 1 year increase —-0.037 [-0.10, 0.02] 89.8%
Age variability in CU min (0.6) 0.547 0.369 0.725 100%
Age variability in CU max (11.7) —0.413 —0.701 —-0.125 99.8% 1 year increase —0.049 [-0.07, —0.03] 100%
% males in CU min (35) —2.184 —2.575 -1.793 100%
% males in CU max (100) 1.897 1.612 2.180 100% 1 percent increase 0.056 [0.05, 0.07] 100%
Diff. mean age min (CU — CNU) (-11.1) —1.497 —2.362 —0.765 100%
Diff. mean age max (CU — CNU) (0) 0.976 0.626 1.391 100% 1 year increase 0.129 [0.07, 0.20] 100%
Diff. in age variability min (CU — CNU) (—3.85) 0.726 0.561 0.888 100%
Diff. in age variability max (CU — CNU) (1.1) —0.169 -0.276 —0.062 99.9% 1 year increase —0.106 [-0.14, —0.07] 100%
Diff. in % males min (CU — CNU) (-10) —0.009 —0.496 0.471 51.4%
Diff. in % males max (CU — CNU) (35.2) 0.364 -0.101 0.837 93.6% 1 percent increase 0.003 [-0.01, 0.01] 77.8%

a. Average Marginal Predictions (AMPs): Average effect size (SMD) predicted by the model at each level of a categorical variable (e.g., anti- vs. pro-inflammatory
biomarkers) and at the minimum/maximum observed value of continuous predictors. b. Average Marginal Effects (AMEs): Expected change of the SMD that
would be associated with the change of level of a categorical variable, or with a 1-unit increase in a continuous predictor, around the mean (e.g., per year or percentage
point). The AMEs are averaged across the entire dataset, while maintaining all other covariates fixed at the observed value.

size between biomarker classes. Considering study design, case-control
studies yielded variable negative effects (SMD: —0.938; 95% Crl,
—1.848, —0.077, PD 98%), while cross-sectional designs showed posi-
tive estimates (SMD: 0.559; 95% CrI, 0.265, 0.868, PD = 99.9%), with a
significant AME for the contrast between designs (PD = 99%). Cannabis
users recruited from non-clinical samples showed higher AMPs than
those from populations with psychiatric disorders, but the difference did
not reach high certainty as AME (0.240 vs 0.119; AME: -0.122, PD =
59%).

Among substance types, predicted effects were non-zero for synthetic
cannabinoids (SMD = 1.550; 95% CrI, —0.097, 3.214, PD = 97%), and
cannabis alone (SMD: 0.150; PD = 96%), but more uncertain for
cannabis plus alcohol (SMD: -0.02; PD = 51%) and cannabis plus
methamphetamine (SMD: —0.530; PD: 68%). Only the AME contrasting
synthetic cannabinoids with cannabis alone was highly credible (PD
94%). Predicted effects in studies with recent cannabis use were posi-
tive, unlike those in studies reporting past use (SMD = 0.259 vs —0.347),
with a significant AME (0.606, PD: 100%), indicating that shifting from
past to recent cannabis use is associated with higher biomarker levels.
When cannabis use was ascertained by toxicological confirmation a
slightly smaller effect was detected compared with studies relying on
self-report, but the difference was uncertain (SMD: 0.129 vs 0.257; AME
—0.129; PD for AME = 62%). There was no apparent association
between methodological quality and the effect size, possibly due to a low
variability in methodological quality. Most studies rated as “fair” yiel-
ded highly credible effect (SMD = 0.171, PD: 99%), of similar mean
magnitude of those rated as “good” (SMD = 0.21, PD: 82%).

Continuous moderators were associated with variable effects of
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cannabis on inflammatory biomarkers (Table 2). Increases of cannabis
users age and age variability were associated with smaller effect sizes
(AME for age: —0.037 per year; PD: 90%; AME for age variability: —0.05
per year of standard deviation; PD: 100%). In contrast, higher percent-
age of males in CU samples (AME = 0.056 per 1% increase, PD = 100%)
and greater CU — CNU difference in age (0.13 per year difference in-
crease, 100%) were associated with higher biomarker levels. Finally,
differences between CU and CNU in age variability were also negatively
associated with inflammation (—0.106 per year difference increase,
100%). For study year, predicted effects were not conclusive.

In case-control studies, cannabis use was associated with higher
levels of several pro-inflammatory markers, most notably IL-1p (SMD =
2.58), TNF-a (1.74), IL-8 (1.20), IFN-y (0.86), and IL-6 (0.75) (Fig. 2).
Increases were also seen for inflammation-related hematologic indices,
including Red cell Distribution Width (RDW) (0.72), WBC count (0.58),
neutrophils (0.56), monocytes (0.64), Systemic immune-inflammation
index (SII) (0.52), and Systemic inflammation response index (SIRI)
(0.48). IL-2 (—0.42) showed a negative association. Among anti-
inflammatory markers, TGF-p1 (1.16), IL-12p70 (0.50), and IL-10
(0.29) were elevated, while TGF-f (—0.78) was reduced. In cross-
sectional studies, associations were generally smaller and more hetero-
geneous, with positive effects for Chemokine (C-X-C motif) ligand 16
(CXCL16) (SMD = 0.49), Monocyte Chemoattractant Protein-1 (MCP-1)
(0.53), Pentraxin 3 (PTX3) (0.47), YKL-40 (0.52), Soluble Urokinase
Plasminogen Activator Receptor (suPAR) (0.44), and Soluble Intercel-
lular Adhesion Molecule-1 (sSICAM-1) (0.20), alongside modest increases
in monocytes (0.27) and neutrophils (0.19). In contrast, several markers
showed negative associations, including CRP (—0.29), PLR (—0.32), IL-
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Inflammatory biomarkers in CU vs CNU (Case-control)
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Fig. 2. Marginal predictions of effect sizes by cytokine comparison: CU vs CNU. CATS, Cartilage acidic protein 1; sCD14, Cluster of differentiation 14 (soluble);
sCD163, Cluster of differentiation 163 (soluble); CRP, C-reactive protein; CXCL16, C-X-C motif chemokine ligand 16; IL-8, CXCL8 / Interleukin-8; PTX3, High-
sensitivity pentraxin-3; IFN-y, Interferon-gamma; IL-1f, Interleukin-1 beta; IL-1ra, Interleukin-1 receptor antagonist; IL-2, Interleukin-2; IL-5, Interleukin-5; IL-6,
Interleukin-6; IL-7, Interleukin-7; IL-10, Interleukin-10; IL-12, Interleukin-12; IL-12p70, Interleukin-12p70; IL-13, Interleukin-13; IL-17, Interleukin-17; IL-21,
Interleukin-21; sIL-2Ra, Interleukin-2 receptor alpha (soluble); MCP-1, Monocyte chemoattractant protein-1; MLR, Monocyte-to-lymphocyte ratio; MONO, Mono-
cytes (percentage); MIP-1p, Myeloid differentiation primary response 88-binding protein 1 beta; NLR, Neutrophil-to-Lymphocyte Ratio; NEU, Neutrophils (per-
centage); PLR, Platelet-to-lymphocyte ratio; RDW, Red cell distribution width; sgp130, Soluble glycoprotein 130; STNFR1, Soluble tumor necrosis factor receptor 1;
TGF-pB, Transforming growth factor beta; TGF-f1, Transforming growth factor beta 1; TNF-o, Tumor necrosis factor alpha; vWF, Von Willebrand factor; YKL-40,

chitinase-3-like protein 1.

12 (-0.29), IL-21 (—0.26), IFN-y (—0.20), and IL-1p (—0.19). Anti-
inflammatory biomarker differences included increases in sgp130
(0.79), sTNFrl (0.39), and IL-1RA (0.52). Notably, CRP differed by
design (slightly positive in case-control vs negative in cross-sectional).

3.6. Sensitivity analyses

Sensitivity analyses confirmed the robustness of the main findings on
cross-sectional/case-control studies. Use of informed priors and meta-
analysis with Student t likelihood produced similar estimates. Subgroup
analyses of pro-inflammatory markers and healthy samples plus sub-
stance users revealed consistent patterns, though some estimates were
attenuated. Full results, including Bayesian diagnostics and extended
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model outputs, are reported in Supplementary Tables S13-S15 and
Figs. S3-S4. Independent, non-hierarchical meta-analyses of selected
biomarkers (e.g., IL-6, CRP, TNF-q, IL-1p) in general population samples
yielded uncertain or null effects, while a separate analysis in schizo-
phrenia samples showed lower IL-6 levels among cannabis users.

3.7. Prospective studies

We were able to pool the effects of two prospective studies that
examined the association between cumulative cannabis joint-years at
baseline and log-transformed CRP levels at follow-up (Meier et al., 2019,
2016). This non-hierarchical meta-analysis yielded a highly uncertain
estimate of the beta coefficient, with no clear direction of effect (beta:
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0.033; 95% Crl: —0.129; 0.166; Table S13, Fig. S5). In the other studies,
one reported an initial inverse association between cannabis use and
CRP levels, which became non-significant after adjusting for gender,
BMI, and use of anti-inflammatory medications (Ferguson et al., 2019).
The other found elevated CRP levels among cannabis users and those
with Cannabis Use Disorder, although these associations were not sig-
nificant after controlling for nicotine use and other substance depen-
dence (Costello et al., 2013). Another study found no baseline
differences in CRP, IL-1RA, soluble interleukin-2 receptor (sIL-2R),
sgp130, or sTNFrl between CU and CNU, but did not report cannabis-
related changes in biomarkers over follow-up; instead, immune
markers predicted psychiatric outcomes interacting with cannabis use
(Kreis et al., 2025).

3.8. Controlled trials

Clinical trials on cannabinoid administration were mostly based on
CBD but also included other compounds. One RCT on healthy in-
dividuals found no significant difference in CRP levels between the CBD
and placebo arms following 8 weeks of administration (Flores et al.,
2023). In contrast, participants admitted for cocaine use disorder, after
detoxification, had significantly lower IL-6 and intermediate monocytes
if they were randomized to CBD vs placebo (Morissette et al., 2021). In a
4-week pseudo-RCT, frequent cannabis users displayed a lower inflam-
matory profile than nonusers already at baseline, with no differential
effects across THC-dominant, THC + CBD, or CBD-dominant strains on
the overall inflammatory index at follow-up; MCP-1 increased over time
in the THC and CBD groups only (Bryan et al., 2025). A similar study was
also conducted on anxious individuals: 4 weeks of cannabis use (THC +
CBD, THC-dominant, or CBD-dominant) was not associated with
changes in circulating pro-inflammatory index (Lisano et al., 2025). In a
12-week RCT in healthy adults, CBD (100 mg/day) versus placebo
showed no evidence of anti-inflammatory effects on TNF-a, IL-6, or IL-
10 (Mastrofini et al., 2024). In a double-blind RCT of high-dose nabix-
imols for cannabis dependence, white blood cell count showed no evi-
dence of a treatment effect (Wang et al., 2023a).

The two pseudo-randomized studies contrasting different types of
cannabinoids did not allow to extract effect sizes (Bryan et al., 2025;
Lisano et al., 2025). Whereas, the available RCTs allowed to extract 10
effect sizes, mostly relative to end-study SMD between placebo and CBD
groups (supplementary Table S12) (Flores et al., 2023; Mastrofini et al.,
2024; Morissette et al., 2021; Wang et al., 2023a). Of these, nine were
relative to pro-inflammatory markers and were pooled in a smaller hi-
erarchical model with random intercepts for study and biomarker. The
pooled averaged predicted effect was positive, but small (SMD 0.10;
95% Crl, —0.11 to 0.31; PD 83%). Between-study and between-
biomarker heterogeneity were modest (SD study 0.24; SD biomarker
0.16). As expected, biomarker-specific marginal predictions were small
and imprecise, with variable PD values ranging from 66% (IL-6) to 84%
(TNF-a). Excluding the study on individuals undergoing cocaine
detoxification (Morissette et al., 2021) slightly increased the pooled
estimate and the credibility of a small pro-inflammatory effect of CBD
(SMD 0.15; 95% Crl, —0.07 to 0.36; PD 90.9%), while not substantially
affecting between-study and between-biomarker heterogeneity (SD
study 0.23; SD biomarker 0.14).

3.9. Reporting biases

The funnel plots of effect sizes showed a generally symmetrical dis-
tribution of studies around the pooled effect size, with some asymmetry
among small studies with large positive effects (Fig. S6). The Egger tests
were however not statistically significant (Cross-sectional/case-control:
beta = 1.37, standard error (SE) = 1.09, p = 0.21; RCTs: — 1-46, SE =
1.11, p = 0.23), excluding evidence of small study effects.
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4. Discussion

This meta-analysis is the first to examine the association between
cannabinoid use and peripheral inflammatory biomarkers by integrating
evidence from healthy and clinical samples, across study designs. Few
available randomized trials suggest that CBD administration in healthy
individuals might cause small increases of pro-inflammatory markers. A
larger body of observational literature indicates that regular cannabis
use is associated with higher peripheral levels of both pro- and anti-
inflammatory biomarkers compared with non-use, and that the magni-
tude of associations varies systematically by sociodemographic charac-
teristics, study design, co-occurring substance use and recency of use.
These findings would have been missed conducting non-hierarchical
meta-analyses.

The effects of cannabinoids on inflammatory biomarkers have been
previously examined by other meta-analyses, but no clear pattern had
emerged. Two recent meta-analyses pooled results from few available
studies comparing peripheral pro- and anti-inflammatory biomarker
levels between cannabis users and non-users, and did not detect signif-
icant differences, while acknowledging the possible presence of publi-
cation bias (Candeloro et al., 2025; Doggui et al., 2021). Another meta-
analysis summarized results from five studies measuring haematological
indices of inflammation, such as NLR (Moshfeghinia et al., 2024): results
suggested that cannabis use was not associated with significant differ-
ences in NLR, but with increases of other pro-inflammatory indices, such
as Platelet-to-Lymphocyte Ratio (PLR) (Moshfeghinia et al., 2024). Our
analyses combined data from all available biomarkers (Fernandez-Cas-
tilla et al., 2020), and detected consistent associations between canna-
binoid use and increased levels of both pro- and anti-inflammatory
markers. No strong indication of publication bias emerged, supporting
the robustness of the findings. These patterns point to complex immu-
nomodulatory effects, likely influenced by multiple factors across
experimental and observational evidence.

Early preclinical studies were largely based on acute inflammatory
disease models (colitis, encephalomyelitis, lung injury, diabetes) and
characterized cannabinoids — particularly THC and other agonists — as
predominantly anti-inflammatory, with reduced immune-cell activation,
suppression of pro-inflammatory cytokines and increases of anti-
inflammatory cytokines (Klein, 2005). These effects were typically
attributed to CB2-mediated signalling in immune cells, alongside mul-
tiple CB-independent mechanisms (Rakotoarivelo et al., 2024). This
framework led to investigate specific cannabinoids formulations with
therapeutic anti-inflammatory potential. Subsequent animal work
showing that CBD reduces pro-inflammatory cytokines — centrally or
peripherally — prompted further clinical studies in humans (Candeloro
et al., 2025; Henshaw et al., 2021; Jantsch et al., 2025; Wang et al.,
2023b). By contrast, THC was not found to exert anti-inflammatory
actions, or even to determine dose- and exposure-dependent increases
of pro-inflammatory biomarkers, especially when accompanied by
pathogen exposure or Lipopolysaccharide (LPS) stimulation (Klein,
2005; Mitchell et al., 2019).

Translation to human peripheral biomarkers has been variable,
especially for populations without pre-existing medical conditions. The
randomized trials synthesized here—mostly testing CBD in healthy in-
dividuals over short follow-up— did not support a consistent anti-
inflammatory signal and instead suggested small increases in periph-
eral pro-inflammatory markers. Likewise, few quasi-experimental
studies in humans examining different cannabis chemovars showed
limited evidence of short-term biomarker changes or systematic differ-
ences by THC/CBD ratio, although baseline differences and adherence
may limit causal inference (Bryan et al., 2025; Lisano et al., 2025).

Results of the meta-analysis of observational studies extend these
findings by suggesting that regular cannabinoid use is associated with
increases of both pro- and anti-inflammatory biomarkers concurrently.
This “mixed” profile is compatible with immunomodulatory effects
rather than a uniform anti-inflammatory shift, and aligns with some
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recent results from in vitro studies, showing that CB2 receptor activation
increased the levels of both IL-6 and IL-10 in human primary leukocytes
(Saroz et al., 2019). Importantly, much of the preclinical literature
demonstrating anti-inflammatory effects relies on acute inflammatory
challenge models, whereas our synthesis focused on peripheral bio-
markers in predominantly non-acute human samples. Differences in
dosing, exposure duration, route of administration, and measurement
site also limit direct comparison across experimental and observational
evidence.

In observational meta-analysis, cannabinoids were variably associ-
ated with inflammatory biomarkers depending on methodological and
demographic factors. For instance, mean age imbalances were associ-
ated with inflated CU — CNU contrasts, while age heterogeneity—within
CU or relative to CNU—was associated with reduced cannabis-related
differences. These patterns are consistent with effect modification by
demographic and co-occurring factors (e.g. BMI, tobacco smoking,
NSAIDs use) (Olivieri et al., 2023). Of note, gender, age and other factors
can plausibly function as confounders, mediators, or colliders depending
on the underlying causal structure (Moriarity et al., 2023) and study
design (Mésidor et al., 2025). Routine adjustment is not necessarily
sufficient, or suited to recover an unbiased causal estimate of the asso-
ciation between cannabis and inflammation. Finally, considerable
variability across biomarkers may also reflect differences in biological
function, responsiveness to stimuli, and analytical properties (Menzel
et al., 2021).

If confirmed, findings on the immunomodulatory effects of canna-
binoids on peripheral inflammatory biomarkers would have clinically
relevant implications. The context of rising cannabis use and potency,
especially considering youth, increased availability of synthetic variants
(ElSohly et al., 2021; Lake et al., 2025) and expanding legalization
(Connor et al.,, 2021) suggest potential high public health impact.
Because chronic low-grade inflammation contributes to increased risk
for cardiovascular, metabolic, neurodegenerative, and psychiatric risk,
and is linked to higher all-cause mortality (Crowe et al., 2014; Furman
etal., 2019; Suarez-Pinilla et al., 2014), even small shits in inflammatory
profiles could matter at the population level. At the same time, such
detrimental consequences should be weighed against robust evidence of
potential anti-inflammatory effects in selected contexts, or acutely ill
populations, supporting distinct pharmacological applications (Lake
et al.,, 2025; Solmi et al., 2023). Interpretation remains constrained
because human studies provide limited information on cannabinoid
composition, dosing and exposure duration, and we did not detect clear
time-dependent trends in the available evidence.

This study is strengthened by a hierarchical modelling approach that
borrowed strength across studies and biomarkers, while accounting for
variability, allowing to detect patterns that would have been missed
using standard methods (Fernandez-Castilla et al., 2020). We addition-
ally reported AMEs which summarize expected change in biomarkers
adjusting for other covariates. This approach supports more structured
interpretation of observational evidence (Gelman and Hill, 2007;
Hernan and Robins, 2020). Limitations include the predominance of
observational studies over experimental and longitudinal designs,
limiting inference on causality and on short-vs long-term effects; the
uneven availability of pro- and anti-inflammatory markers, which
warrants caution interpreting individual anti-inflammatory biomarkers.
Nonetheless, grouping biomarkers by their broad direction of activi-
ty—pro- or anti-inflammatory—as indicators of latent immune pro-
cesses improves interpretability and prognostic utility (Shu et al., 2024).
Other limitations are incomplete reporting on potential confounders (e.
g. cigarette smoke, alcohol use), cannabis composition and dose. Future
observational studies should account for these factors under explicit
causal (Moriarity et al., 2023) and distributional assumptions
(Alshaarawy and Anthony, 2015). Finally, the search strategy focused
on regular and pathological patterns of cannabis use, potentially
excluding relevant studies, and the protocol was not preregistered.

In conclusion, CBD use was associated with small short-term
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increases of peripheral pro-inflammatory biomarkers, while cannabi-
noid use was associated with elevated levels of both pro- and anti-
inflammatory biomarkers. These findings are consistent with complex
immune modulation, rather than unidirectional inflammation suppres-
sion or activation. These associations varied across population and study
characteristics. Inflammatory changes, even in the absence of overt
disease, may represent early stages of immune disruption and contribute
to long-term health risks. As cannabis use and therapeutical applications
of cannabinoids become more prevalent, understanding its immuno-
logical footprint becomes essential for anticipating downstream clinical
outcomes (Fischer et al., 2020; Hoch and Lorenzetti, 2020; Solmi et al.,
2023).
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