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Abstract  

Introduction: People with long-term virologically suppressed HIV (PWH) experience 

chronic inflammation. Beneficial effects such as lower levels of inflammation were 

reported for cannabis-based medicine but data on the safety of standardized low-

dose full-spectrum cannabidiol (CBD) are limited.  

Methods: This double-blind randomized placebo-controlled trial (NCT05306249) 

included 80 ART-treated PWH with undetectable viremia (median time on efficient 

ART 14 years, median age 54 years), encompassing 30% women. Participants 

received 1 mg/kg CBD oil twice daily (full-spectrum, THC <0.3%) or placebo for 12 

weeks plus a 4-week follow-up. Primary trial endpoint (autophagy gene expression) 

will be described elsewhere; here we evaluate the treatment impact on prespecified 

safety outcomes such as hemodynamic with electrocardiograms, HIV 

immunovirological parameters and comprehensive assessments of liver and kidney 

functions, performed using standard blood tests. Mixed-effects models adjusted for 

baseline age, sex, BMI, CD4 count and duration of viral suppression assessed 

longitudinal changes. 

Results: Of 80 randomized participants, 35 PWH in CBD and 37 in placebo groups 

completed week 12. No clinically meaningful differences emerged in creatinine, 

aminotransferases (ALT, AST), or conjugated bilirubin. Total bilirubin decreased in 

the CBD arm vs placebo (mixed effect model considering time, group and 

time*group, adjusted for covariates p=0.046). In exploratory sex-stratified analysis, a 

significant difference starting at week 12 (−8.0 bpm [95% CI -15.6; -0.4], p=0.0425) 

and persisting at week 16 (−7.9 bpm [95% CI -14.6; -1.3], p=0.0191) evidences a 

lower heart rate in men belonging to the CBD group compared to the placebo group; 

no change in females. There was no change in plasma viral load, cell-associated 

HIV-DNA levels and CD4/CD8 ratio. 

Discussion: Low-dose full-spectrum GMP-certified CBD was well tolerated over 12 

weeks in virally suppressed people with HIV. Observed reductions in total bilirubin 

and male heart rate are exploratory and warrant confirmation in adequately powered 

trials incorporating inflammatory biomarkers and pharmacokinetics.   
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Introduction  

Without treatment, human immunodeficiency virus (HIV) infection is characterized by 

sustained viral replication and progressive loss of CD4+ T lymphocytes, leading to 

AIDS1. Nowadays, thanks to highly active antiretroviral therapies (cART), most 

people living with HIV (PWH) can achieve a plasma viral load below the level of 

detection within 12 weeks of treatment2 and thereby reach a significantly improved 

life expectancy, nearly matching that of the general population. However, cART does 

not fully normalize health. Most PWH start cART during chronic infection and residual 

viral replication persists in some infected cells, hidden in HIV reservoirs: HIV infection 

becomes a chronic disease. As a consequence, PWH display chronic inflammation 

and immunosenescence, leading to the onset of early comorbidities associated with 

age, such as cardiovascular disorders, kidney diseases and certain cancers3. HIV-

related comorbidities appear to be related to chronic inflammation and PWH 

worldwide are seeking strategies to promote healthy aging and mitigate the 

consequences of inflammaging4. 

Accompanying the two major acidic forms of phytocannabinoids (pCBs), cannabidiol 

(CBD) and Δ9-tetrahydrocannabinol (THC), more than 120 other molecules have 

been identified5 and are thought to contribute to the entourage effect6,7, whereby the 

biological activity of cannabis extracts is linked to synergistic interactions. This may 

render full- or broad-spectrum CBD extracts more effective than CBD alone. In vivo, 

pCBs interfere with the endocannabinoid system (ECS)8, which is involved in the 

regulation of numerous physiological and pathological pathways9,10, including those 

of the immune system11,12. pCBs act as ligands to the two ECS main receptors: CB1, 

mainly expressed on cells of the nervous system, and CB2, primarily expressed on 

immune cells. However, ECS has become more complex, as many other receptors 

have since been described9. Ultimately, pCB receptors are expressed in almost all 

organs11. 

Historically, cannabis has attracted significant interest to relieve a range of symptoms 

in different medical fields, such as cancer and HIV infection13–15. Unlike THC, CBD 

has no psychoactive effect and can be used as a dietary supplement marketed for 

various potential benefits. In humans, most available studies have focused on 

recreational cannabis users and have reported effects on inflammation16–18. 

However, in such settings the CBD/THC ratio and the actual doses of absorbed 
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cannabinoids are neither constant nor controlled. A CBD/THC combination (Sativex® 

/ Nabiximols) is currently licensed, but Epidiolex® is currently the only FDA-approved 

drug with highly purified CBD as the main active ingredient. This pharmaceutical-

grade medicine is prescribed to treat seizures associated with Lennox-Gastaut and 

Dravet syndromes or tuberous sclerosis complex. In both contexts, when added to 

conventional antiepileptic regimens, CBD resulted in reductions in the frequency of 

drop seizures19,20. However, among adverse effects, 9% of patients had elevated 

aminotransferase concentrations, but none met criteria for drug-induced liver 

injury20,21.  

In addition, cannabis is known to possess anti-inflammatory properties22 and robust 

clinical trials are needed to evaluate the safety and the ability of cannabis-based 

medicines (CBM) to alleviate HIV-associated inflammation23. Despite encouraging 

findings in a randomized, open-label, interventional pilot study (CTNPT 028)24,25, 

evidence on the tolerability of CBM in the context of HIV infection remains scarce.  

While the primary outcome of the present double-blind randomized, placebo-

controlled trial was to assess the effect of a full-spectrum CBD oil (CBD50 LGP 

CLASSIC, see below) versus placebo on the expression of major autophagy-related 

genes (manuscript in preparation), we evaluated here the clinical and biological 

safety and tolerability of oral medical CBD in 80 enrolled PWH as a secondary 

objective. As part of the French national CBM safety evaluation, we monitored 

classical laboratory assessments of renal, hepatic and cardiac tolerance of a medical 

full-spectrum CBD oil at 1 mg/kg, twice daily for 12 weeks.  
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Materials and Methods  

Participants 

This double-blind, randomized, placebo-controlled trial was conducted at the 

Department of infectious diseases of the University Hospital of Orléans (France). In 

addition to the previously reported26 inclusion and exclusion criteria, participants were 

required to have an effectively suppressed (<50 copies/ml) plasmatic viral load for at 

least 3 years, and no disease or history of severe cardiovascular or cerebrovascular 

disease, renal failure, severe hepatic impairment, unstable liver disease, cirrhosis or 

known biliary abnormality.  

At W0 (CBD/placebo initiation), urine and blood samples were collected to screen for 

prior THC and CBD exposure respectively, and 80 adults were enrolled. This study 

was designed and implemented in accordance with the Declaration of Helsinki (2013 

revision) and all patients provided written, informed consent to participate. The 

protocol was approved by the French Ethics Committee Ouest 6 (#CPP 1431 ME1, 

2021- EudraCT 2020-005851) and is registered with Clinicaltrials.gov as 

NCT05306249. Enrollment began in 05/2022, and the last samples were collected in 

02/2023. While the primary outcome of the present trial was to assess the effect of a 

full-spectrum CBD oil versus placebo on the expression of major autophagy-related 

genes, we evaluated the clinical and biological safety and tolerability of medical CBD 

in PWH as a secondary objective. Sample size calculations for the primary endpoint 

assumed an alpha risk of 5%, a beta risk of 10%, and the standard deviation was 

calculated from a previous study27.  

 

Trial design and study treatment 

The CBM consisted of an orally-administered full-spectrum CBD-dominant extract 

(THC<0.3%) formulated in medium-chain triglyceride (MCT) oil (CBD 50 mg/mL; 

CBD50 LGP CLASSIC; Little Green Pharma, Perth, Australia). The placebo was an 

orally administered formulation consisting of MCT oil. Both products appeared as a 

thick liquid in a dark 50-mL glass bottle. 

Participants were randomly assigned, with a 1:1 allocation ratio, to either receive a 

double-blind 12-week course of the CBD formulation (1 mg/kg, twice daily) (CBD 

group hereafter) or the placebo oil, plus a 4-week follow-up. They came to their 

recruitment center at 4-week intervals (W0, W4, W8, W12, W16). The duration of the 
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washout period was chosen to ensure the clearance of CBD from participants’ 

plasma28. The flowchart of the study is presented in Figure 1. 

 

Safety and tolerability assessments 

Blood samples were drawn for biological parameters. Complete blood count, CD4 

and CD8 T-cells counts and plasma viral load were quantified using standard and 

automatized procedures in a certified institutional laboratory at W0, W4, W12 

(CBD/placebo treatment end) and W16 (follow-up end), aspartate aminotransferase 

(AST), alanine aminotransferase (ALT) and total and conjugated bilirubin at W0, W4, 

W8, W12 and creatinine at W0, W4 and W12. Creatinine clearance was calculated 

using MDRD study equation. HIV-1 DNA was quantified as described previously29. 

Hemodynamic parameters, namely heart rate and electrocardiogram (ECG), were 

monitored at W0, W4, W12 and W16.  

For each participant, we retrieved age, sex at birth, weight and height (for body mass 

index -BMI- calculation) HIV-related variables such as antiretroviral treatments, CD4 

nadir, date of HIV diagnosis and date of the first persisting undetectable viral load 

(defined as <50 copies/mL). Adverse events and their severity were recorded 

throughout the study. Quality of life was analyzed in another publication26. 

 

Statistical analyses 

Characteristics of the study population at W0 were described and compared between 

the two treatment groups to identify any potentially relevant imbalances that might 

warrant adjustment in subsequent models. Continuous variables were analyzed using 

the Student’s t-test or the Wilcoxon-Mann-Whitney test, depending on distribution; 

categorical variables were compared using Chi-square test or Fisher’s exact test, 

when appropriate. Within each group, changes in immuno-virologic parameters over 

time were assessed using the Friedman test.  

To analyze the evolution of clinical outcomes over time according to treatment group, 

mixed-effects models were used. These models included fixed effects for treatment 

group, time since inclusion, and their interaction, with a random intercept to account 

for intra-individual variability. Models were then adjusted for baseline age, sex, BMI, 

CD4 count and time since the first persistent undetectable viral load (as categorized 

variable). Exploratory subgroup analyses were also performed by sex. 
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Model fit was systematically assessed. When necessary, outcome variables were 

log-transformed to improve model adequacy.  

All analyses were implemented in RStudio, using the lmerTest package for mixed-

effects models.  
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Results  

Participants’ demographics and baseline characteristics 

As depicted in the trial flowchart (Figure 1), of the 80 recruited participants, 4 

withdrew their consent voluntarily, 1 was lost to follow-up and 5 withdrew because of 

adverse events. Comprehensive analyses of adverse events, showing no differences 

between groups, have been previously reported26.  

Demographics and characteristics at baseline (W0, inclusion), presented and 

compared in Table 1, were well balanced between groups. Overall, although PWH 

enrolled in the study were mostly male (69%), 12 women (30%) were included in the 

CBD arm and 13 (32%) in the placebo arm. There was no significant difference 

between groups regarding age, time since HIV diagnosis, time since first persistent 

undetectable viral load, treatments, CD4 nadir, CD4 count, CD4/CD8 ratio, plasma 

viral load or HIV-1 DNA. Participants were on median 54 years old, had been 

diagnosed with HIV 19 years earlier and had maintained an undetectable plasma 

viral load for 14 years. 

The median CD4+ T cell nadir was 311 cells/mm3 which had increased to 738 

cells/mm³ at inclusion in this trial, with a median CD4/CD8 ratio of 1.1, indicating 

good immune reconstitution. BMI did not differ significantly between groups 

(p=0.070). 

 

Immunovirologic parameters 

CD4+ and CD8+ T lymphocyte counts (data not shown) and the CD4/CD8 ratio 

(Figure 2-A) remained stable during the trial. Friedman pairwise comparison tests 

indicated that none of these parameters changed significantly over the study period, 

in either group. 

Throughout the study, participants continued antiretroviral treatment, and plasma 

viral load remained undetectable in both arms (data not shown). The viral reservoir, 

estimated by HIV-1 DNA level, did not change in either group (Figure 2B). 

In summary, HIV-1 proviral DNA levels, undetectable plasma viral load and CD4/CD8 

ratio remained stable in all participants, a key issue for PWH. 

 

Renal tolerance 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 24, 2026. ; https://doi.org/10.64898/2026.03.21.26348972doi: medRxiv preprint 

https://doi.org/10.64898/2026.03.21.26348972


At baseline, no participants had personal history of renal failure. Kidney function was 

assessed at W0, W4 and W12 (treatment end). Serum creatinine levels did not 

change over time or between treatment groups (data not shown). The unadjusted 

and adjusted mixed-effect models did not reveal any statistically significant effects of 

treatment group, time or their interaction on clearance (conditional R² around 0.90). 

Therefore we can conclude that administration of full-spectrum CBD oil at 1 mg/kg 

twice daily did not alter renal function. 

 

Hepatic tolerance 

Total and conjugated bilirubin and liver transaminases ALT and AST were measured 

at W0, W4, W8 and W12 and values remained stable overall.  

Women had lower levels of ALT (p=0.008), total bilirubin (p=0.001) and conjugated 

bilirubin (p=0.013) compared to men whereas AST did not differ by sex (p=0.82). 

However, in males, total bilirubin was significantly reduced after 12 weeks of CBD oil 

compared with placebo (p=0.0042) (Figure 3 A to C). 

Using unadjusted and adjusted mixed-effects models, no significant effects of 

treatment group, time or their interaction were observed on conjugated bilirubin, AST 

or ALT levels (data not shown), while total bilirubin (log-transformed) was significantly 

associated with time (p<0.001), showing a decrease over the study period 

(Conditional R²=0.56). After adjustment for covariates, the effect of time persisted 

(p=0.001), and both sex and interaction between time and treatment group were 

associated with changes in total bilirubin levels (p=0.001 and p=0.046, respectively; 

conditional R²=0.60). More specifically, total bilirubin levels (log-transformed) were 

higher in males compared to females, and the decline over time was more 

pronounced in the CBD group than in the placebo group (Table 2). Exploratory 

subgroup analyses by sex suggested a different temporal trend between treatment 

groups, that didn’t reach statistical significance.  

 

Cardiac tolerance 

No differences between groups were observed in hemodynamic parameters. 

Electrocardiograms were considered normal and the few abnormalities detected in 

both arms were not clinically significant. 

Using unadjusted and adjusted mixed-effects models (data not shown), no significant 

effects of treatment group, time or their interaction were observed on diastolic blood 
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pressure levels. For systolic blood pressure (SBP), a time effect was detected 

(p=0.012, conditional R²=0.59), indicating an increase over the study period. After 

adjustment for covariates, the effect of time remained (p=0.015), and both sex and 

BMI were also associated with SBP levels (p=0.031 and p=0.002 respectively, 

conditional R²=0.61). More specifically, SBP values were higher in men than in 

women and increased with higher BMI. In exploratory subgroup analyses by sex, no 

association was found between time, treatment group or their interaction on SBP in 

women. However, in men, both time and BMI were associated with higher SBP levels 

(p=0.006 and p=0.02 respectively, conditional R²=0.61).  

Regarding heart rate, the CBD group had a significantly lower heart rate than the 

placebo group at week 12 (67 bpm vs. 73 bpm respectively; p=0.035), and this 

difference persisted four weeks later (68 bpm vs. 75 bpm, p=0.027). In exploratory 

subgroup analyses by sex, this difference was observed only in men (Figure 4): at 

week 12, median heart rate was 64 bpm in CBD group vs 73 bpm in placebo group 

(p=0.043), and at week 16, 63 bpm vs 78 bpm, respectively (p=0.019). These results 

suggest a reduction in heart rate over time among men in the CBD group. 
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Discussion  

In this double-blind, randomized, placebo-controlled trial of adults with long-term 

virologically suppressed HIV, a stable, high-quality GMP-certified, full-spectrum 

cannabidiol (CBD; 1 mg/kg twice daily; THC < 0.3%) adjusted to each participant’s 

body weight, was well tolerated over 12 weeks, with no clinically meaningful 

between-group differences in renal, hepatic, or cardiac laboratory parameters, and no 

sign of immunovirologic harm. These findings were consistent across adjusted 

mixed-effects analyses and aligned with the study’s prespecified safety endpoints. 

Together with the absence of excess adverse events reported separately26, our 

results support the short-term tolerability of standardized low-dose CBD in PWH. 

They extend a sparse but growing clinical literature on cannabinoids in HIV, which 

until recently relied largely on observational cohorts or small pilot trials with 

heterogeneous products and dosing23–25,30,31. 

To the best of our knowledge, this is the first randomized, placebo-controlled trial 

assessing the safety of a pharmaceutical-grade, full-spectrum CBD oil in 80 long-

term suppressed PWH. Published in 2022, the only prior trial available is a Canadian 

open-label clinical study24,25 which was designed to include 26 PWH, but only 10 

individuals were ultimately enrolled and participants, randomized into two groups 

(n=5 per group), the first group received THC:CBD capsules (2.5:2.5-15:15 mg/day), 

while the second group received CBD alone (200-800 mg/day).  

Our trial differs from prior work by administering a weight-based, 

pharmaceutical-grade, full-spectrum CBD with rigorous blinding, placebo control, and 

serial objective safety measurements (renal, hepatic, cardiac). The use of a 

standardized product mitigates variability inherent to consumer CBD preparations 

and strengthens inference on tolerability in PWH24,25,30,31. Notably, even if the sample 

size was not calculated to compare the impact of CBD between men and women, 

30% of participants were women, an uncommon proportion in HIV clinical and 

translational studies where women remain consistently underrepresented. Such 

repartition permitted us to collect data concerning CBD safety in women as in men. 

Biological sex is now recognized as an important variable to consider32, with 

numerous differences reported between men and women in HIV pathogenesis, 

treatment response and non-AIDS comorbidities such as cardiovascular disease33. 
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Ensuring adequate female enrolment is therefore critical to improving the evidence 

base and optimizing care for women with HIV. 

Hepatic safety warrants specific comment. Elevations in aminotransferases have 

been described primarily with high-dose purified CBD (e.g., 10–20 mg/kg/day or more 

in epilepsy programs) and are uncommon at lower doses in non-HIV 

settings20,21,30,31,34–37. In our trial, aminotransferases remained stable, and conjugated 

bilirubin did not differ from placebo. We observed, however, a statistically significant 

reduction in total bilirubin in the CBD arm at week 12 versus placebo. This signal 

should be considered exploratory: the study was not powered for biochemical 

efficacy outcomes, and we did not include pharmacokinetic measures or mechanistic 

biomarkers to probe potential pathways. Replication in longer trials with predefined 

hepatic endpoints and CBD exposure measurements will be needed to determine 

whether this observation is reproducible and clinically relevant30,31,37,38. 

Cardiovascular assessments showed overall stability of blood pressure and ECG 

parameters. In sex-stratified analyses, men assigned to CBD exhibited a reduction in 

resting heart rate at W12 that persisted 4 weeks after discontinuation, whereas no 

change was seen among women. Given the modest sample size, post-hoc nature of 

this analysis, and known sex differences in autonomic responses to cannabinoids, 

this should be viewed as hypothesis-generating39. Future adequately powered trials 

that integrate autonomic measures (e.g., heart-rate variability) and inflammatory 

biomarkers are warranted, particularly in light of the elevated cardiovascular risk in 

PWH—including women, who remain understudied33,40. 

Strengths of this trial include the randomized, placebo-controlled design; use of a 

low-dose, full-spectrum, pharmaceutical-grade CBD oil formulation; serial objective 

laboratory and hemodynamic evaluations; and inclusion of both men and women with 

long duration of HIV control on ART (median 15 years). HIV-related parameters 

(HIV-1 RNA, total HIV-1 DNA, CD4/CD8 ratio) remained stable, which is reassuring 

against immunovirologic harm over 12 weeks and aligns with recent work using 

standardized cannabinoid products in PWH23,25. 

Several limitations temper interpretation. First, the dose was intentionally low and 

fixed (1 mg/kg twice daily) without up-titration41. This gradual titration can influence 

both tolerability and detection of effects41. Second, the 12-week treatment and 4-

week washout may be insufficient to reveal uncommon or delayed adverse effects. 

Third, the study was not powered for subgroup or sex-specific outcomes; the bilirubin 
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and male heart-rate findings require confirmation with prespecified hypotheses and 

appropriate multiplicity control. Fourth, pharmacokinetic data for CBD and 

comprehensive inflammatory panels were not part of this safety analysis; integrating 

these measurements will be critical to link exposure, biological activity, and 

safety30,31,41. Finally, generalizability is limited to PWH with long-term viral 

suppression and without advanced hepatic or renal disease at inclusion. 

 

Conclusion 

In summary, standardized low-dose full-spectrum CBD was well tolerated over 12 

weeks in adults with long-term suppressed HIV, with no evidence of renal, hepatic, 

cardiac, or immuno-virologic harm. The observed reductions in total bilirubin and in 

resting heart rate among men are exploratory and require confirmation in larger, 

longer trials designed to assess mechanistic pathways (inflammation, autonomic 

tone), pharmacokinetics, and potential drug–drug interactions with antiretrovirals23–

26,30,31,37,39–41. Pending such data, prudent liver-function monitoring remains advisable 

when prescribing CBD, especially at higher doses or in patients with pre-existing 

hepatic comorbidity20,21,30,31,34–36,41. 

 

 

 

 

Acknowledgments, 

We thank all study participants and hospital staff who participated in the trial.  

 

 

  

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 24, 2026. ; https://doi.org/10.64898/2026.03.21.26348972doi: medRxiv preprint 

https://doi.org/10.64898/2026.03.21.26348972


Authorship confirmation/contribution statement (CRediT format 

is preferred) 

Clémence Couton: Formal analysis, Investigation, Writing - original draft, Writing – 

review and editing, Visualization.  

Mathilde Wanneveich: Formal analysis, Writing – review and editing, Visualization. 

Barbara De Dieuleveult: Investigation, Writing – review and editing.  

Chloé Robin: Investigation, Writing – review and editing.  

Hélène Klein: Resources.  

Kossi Ayena: Investigation, Writing – review and editing.  

Véronique Avettand-Fènoël: Resources, Writing – review and editing.  

Laurent Hocqueloux: Resources, Writing – review and editing.  

Lucile Mollet: Conceptualization, Writing - original draft, Writing – review and editing, 

Supervision, Funding acquisition.  

Thierry Prazuck: Conceptualization, Resources, Writing – review and editing, 

Supervision, Funding acquisition.  

 

  

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 24, 2026. ; https://doi.org/10.64898/2026.03.21.26348972doi: medRxiv preprint 

https://doi.org/10.64898/2026.03.21.26348972


Author(s’) disclosure (Conflict of Interest) statement(s) 

 

H.K. is a paid employee of Little Green Pharma Pty Ltd, the company provided the 

investigational medicinal product (ie, CBD50 LGP CLASSIC) and placebo at no 

financial cost for the purposes of this research. She had no role in the data collection 

and analysis. 

The other authors declare no competing interests. 

 

 

 

 

  

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 24, 2026. ; https://doi.org/10.64898/2026.03.21.26348972doi: medRxiv preprint 

https://doi.org/10.64898/2026.03.21.26348972


Funding statement 

The medical promotor of this study is the Centre Hospitalier universitaire (CHU) 

d’Orléans. We received financial support from SynCHROnie and 2 grants from 

Région Centre-Val de Loire (APR-IA TRANSINFLA and APR-IR CannApp).  

CC and KA received a CIFRE grant from Agence Nationale de la Recherche et de la 

Technologie (ANRT 2021/0654 and 2023/0514). CC received a fellowship from 

Agence Nationale de Recherches sur le SIDA, les Hépatites Virales et les Maladies 

Infectieuses Emergentes (ANRS0674b).  

Little Green Pharma Pty Ltd. and Intsel Chimos provided the investigational medicinal 

product (i.e. full-spectrum CBD) and the placebo at no financial cost for the purposes 

of this research.  

The funders had no role in the data collection and analysis, writing of this manuscript 

or in the decision to publish it. 

  

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 24, 2026. ; https://doi.org/10.64898/2026.03.21.26348972doi: medRxiv preprint 

https://doi.org/10.64898/2026.03.21.26348972


References 

1. Barré-Sinoussi F, Ross AL, Delfraissy J-F. Past, present and future: 30 years of 
HIV research. Nat Rev Microbiol 2013;11(12):877–883; doi: 
10.1038/nrmicro3132. 

2. Maartens G, Celum C, Lewin SR. HIV infection: epidemiology, pathogenesis, 
treatment, and prevention. The Lancet 2014;384(9939):258–271; doi: 
10.1016/S0140-6736(14)60164-1. 

3. Deeks SG. HIV infection, inflammation, immunosenescence, and aging. Annu 
Rev Med 2011;62:141–155; doi: 10.1146/annurev-med-042909-093756. 

4. Franceschi C, Capri M, Monti D, et al. Inflammaging and anti-inflammaging: a 
systemic perspective on aging and longevity emerged from studies in humans. 
Mech Ageing Dev 2007;128(1):92–105; doi: 10.1016/j.mad.2006.11.016. 

5. Hanuš LO, Meyer SM, Muñoz E, et al. Phytocannabinoids: a unified critical 
inventory. Nat Prod Rep 2016;33(12):1357–1392; doi: 10.1039/c6np00074f. 

6. Russo EB. Taming THC: potential cannabis synergy and phytocannabinoid-
terpenoid entourage effects. Br J Pharmacol 2011;163(7):1344–1364; doi: 
10.1111/j.1476-5381.2011.01238.x. 

7. Nahler G, Jones TM, Russo EB. Cannabidiol and Contributions of Major Hemp 
Phytocompounds to the “Entourage Effect”; Possible Mechanisms. J Altern 
Complement Integr Med 2019;5(070); doi: 10.24966/ACIM-7562/100066. 

8. Yao B, Mackie K. Endocannabinoid receptor pharmacology. Curr Top Behav 
Neurosci 2009;1:37–63; doi: 10.1007/978-3-540-88955-7_2. 

9. Moreno E, Cavic M, Canela EI. Functional Fine-Tuning of Metabolic Pathways by 
the Endocannabinoid System-Implications for Health and Disease. Int J Mol Sci 
2021;22(7):3661; doi: 10.3390/ijms22073661. 

10. Contino M, McCormick PJ. Editorial: The Canonical and Non-Canonical 
Endocannabinoid System as a Target in Cancer and Acute and Chronic Pain. 
Front Pharmacol 2020;11:312; doi: 10.3389/fphar.2020.00312. 

11. Oláh A, Szekanecz Z, Bíró T. Targeting Cannabinoid Signaling in the Immune 
System: “High”-ly Exciting Questions, Possibilities, and Challenges. Front 
Immunol 2017;8:1487; doi: 10.3389/fimmu.2017.01487. 

12. Galiègue S, Mary S, Marchand J, et al. Expression of central and peripheral 
cannabinoid receptors in human immune tissues and leukocyte subpopulations. 
Eur J Biochem 1995;232(1); doi: 10.1111/j.1432-1033.1995.tb20780.x. 

13. Woolridge E, Barton S, Samuel J, et al. Cannabis use in HIV for pain and other 
medical symptoms. J Pain Symptom Manage 2005;29(4):358–367; doi: 
10.1016/j.jpainsymman.2004.07.011. 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 24, 2026. ; https://doi.org/10.64898/2026.03.21.26348972doi: medRxiv preprint 

https://doi.org/10.64898/2026.03.21.26348972


14. Boychuk DG, Goddard G, Mauro G, et al. The effectiveness of cannabinoids in 
the management of chronic nonmalignant neuropathic pain: a systematic review. 
J Oral Facial Pain Headache 2015;29(1):7–14; doi: 10.11607/ofph.1274. 

15. Phillips RS, Friend AJ, Gibson F, et al. Antiemetic medication for prevention and 
treatment of chemotherapy-induced nausea and vomiting in childhood. Cochrane 
Database Syst Rev 2016;2(2):CD007786; doi: 
10.1002/14651858.CD007786.pub3. 

16. Castro F de OF de, Silva JM, Dorneles GP, et al. Distinct inflammatory profiles in 
HIV-infected individuals under ART using cannabis, cocaine or cannabis plus 
cocaine. AIDS Lond Engl 2019; doi: 10.1097/QAD.0000000000002296. 

17. Manuzak JA, Gott TM, Kirkwood JS, et al. Heavy Cannabis Use Associated With 
Reduction in Activated and Inflammatory Immune Cell Frequencies in 
Antiretroviral Therapy-Treated Human Immunodeficiency Virus-Infected 
Individuals. Clin Infect Dis Off Publ Infect Dis Soc Am 2018;66(12):1872–1882; 
doi: 10.1093/cid/cix1116. 

18. Rizzo MD, Crawford RB, Henriquez JE, et al. HIV-infected cannabis users have 
lower circulating CD16+ monocytes and IFN-γ-inducible protein 10 levels 
compared with nonusing HIV patients. AIDS Lond Engl 2018;32(4):419–429; doi: 
10.1097/QAD.0000000000001704. 

19. Thiele EA, Bebin EM, Filloux F, et al. Long-term cannabidiol treatment for 
seizures in patients with tuberous sclerosis complex: An open-label extension 
trial. Epilepsia 2022;63(2):426–439; doi: 10.1111/epi.17150. 

20. Devinsky O, Patel AD, Cross JH, et al. Effect of Cannabidiol on Drop Seizures in 
the Lennox-Gastaut Syndrome. N Engl J Med 2018;378(20):1888–1897; doi: 
10.1056/NEJMoa1714631. 

21. Devinsky O, Patel AD, Thiele EA, et al. Randomized, dose-ranging safety trial of 
cannabidiol in Dravet syndrome. Neurology 2018;90(14):e1204–e1211; doi: 
10.1212/WNL.0000000000005254. 

22. Burstein S. Cannabidiol (CBD) and its analogs: a review of their effects on 
inflammation. Bioorg Med Chem 2015;23(7):1377–1385; doi: 
10.1016/j.bmc.2015.01.059. 

23. Costiniuk CT, Jenabian M-A. Cannabinoids and inflammation: implications for 
people living with HIV (editorial). AIDS Lond Engl 2019;33(15):2273–2288; doi: 
10.1097/QAD.0000000000002345. 

24. Mboumba Bouassa R-S, Comeau E, Alexandrova Y, et al. Effects of Oral 
Cannabinoids on Systemic Inflammation and Viral Reservoir Markers in People 
with HIV on Antiretroviral Therapy: Results of the CTN PT028 Pilot Clinical Trial. 
Cells 2023;12(14):1811; doi: 10.3390/cells12141811. 

25. Mboumba Bouassa R-S, Needham J, Nohynek D, et al. Safety and Tolerability of 
Oral Cannabinoids in People Living with HIV on Long-Term ART: A Randomized, 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 24, 2026. ; https://doi.org/10.64898/2026.03.21.26348972doi: medRxiv preprint 

https://doi.org/10.64898/2026.03.21.26348972


Open-Label, Interventional Pilot Clinical Trial (CTNPT 028). Biomedicines 
2022;10(12):3168; doi: 10.3390/biomedicines10123168. 

26. Barré T, Couton C, Mourad A, et al. Limited impact of cannabidiol on health-
related quality of life of people with long-term controlled HIV: a double-blind, 
randomized, controlled trial. Open Forum Infect Dis 2024;ofae492; doi: 
10.1093/ofid/ofae492. 

27. Serrano A, El Haddad S, Moal F, et al. Dysregulation of apoptosis and autophagy 
gene expression in peripheral blood mononuclear cells of efficiently treated HIV-
infected patients. AIDS 2018;32(12):1579–1587; doi: 
10.1097/QAD.0000000000001851. 

28. McCartney D, Kevin RC, Suraev AS, et al. How long does a single oral dose of 
cannabidiol persist in plasma? Findings from three clinical trials. Drug Test Anal 
2023;15(3):334–344; doi: 10.1002/dta.3419. 

29. Avettand-Fènoël V, Chaix M-L, Blanche S, et al. LTR real-time PCR for HIV-1 
DNA quantitation in blood cells for early diagnosis in infants born to seropositive 
mothers treated in HAART area (ANRS CO 01). J Med Virol 2009;81(2):217–223; 
doi: 10.1002/jmv.21390. 

30. Arnold JC, McCartney D, Suraev A, et al. The safety and efficacy of low oral 
doses of cannabidiol: An evaluation of the evidence. Clin Transl Sci 
2023;16(1):10–30; doi: 10.1111/cts.13425. 

31. Millar SA, Stone NL, Bellman ZD, et al. A systematic review of cannabidiol dosing 
in clinical populations. Br J Clin Pharmacol 2019;85(9):1888–1900; doi: 
10.1111/bcp.14038. 

32. Bouman A, Schipper M, Heineman MJ, et al. Gender difference in the non-
specific and specific immune response in humans. Am J Reprod Immunol N Y N 
1989 2004;52(1):19–26; doi: 10.1111/j.1600-0897.2004.00177.x. 

33. Scully EP. Sex Differences in HIV Infection. Curr HIV/AIDS Rep 2018;15(2):136–
146; doi: 10.1007/s11904-018-0383-2. 

34. Taylor L, Crockett J, Tayo B, et al. A Phase 1, Open-Label, Parallel-Group, 
Single-Dose Trial of the Pharmacokinetics and Safety of Cannabidiol (CBD) in 
Subjects With Mild to Severe Hepatic Impairment. J Clin Pharmacol 
2019;59(8):1110–1119; doi: 10.1002/jcph.1412. 

35. Watkins PB, Church RJ, Li J, et al. Cannabidiol and Abnormal Liver Chemistries 
in Healthy Adults: Results of a Phase I Clinical Trial. Clin Pharmacol Ther 
2021;109(5):1224–1231; doi: 10.1002/cpt.2071. 

36. Taylor L, Crockett J, Tayo B, et al. Abrupt withdrawal of cannabidiol (CBD): A 
randomized trial. Epilepsy Behav EB 2020;104(Pt A):106938; doi: 
10.1016/j.yebeh.2020.106938. 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 24, 2026. ; https://doi.org/10.64898/2026.03.21.26348972doi: medRxiv preprint 

https://doi.org/10.64898/2026.03.21.26348972


37. Abbotts KSS, Ewell TR, Butterklee HM, et al. Cannabidiol and Cannabidiol 
Metabolites: Pharmacokinetics, Interaction with Food, and Influence on Liver 
Function. Nutrients 2022;14(10):2152; doi: 10.3390/nu14102152. 

38. Zheng T, BouSaba J, Taylor A, et al. A Randomized, Controlled Trial of Efficacy 
and Safety of Cannabidiol in Idiopathic and Diabetic Gastroparesis. Clin 
Gastroenterol Hepatol Off Clin Pract J Am Gastroenterol Assoc 
2023;21(13):3405-3414.e4; doi: 10.1016/j.cgh.2023.07.008. 

39. Cooper ZD, Haney M. Sex-Dependent Effects Of Cannabis-Induced Analgesia. 
Drug Alcohol Depend 2016;167:112–120; doi: 10.1016/j.drugalcdep.2016.08.001. 

40. Womack JA, Chang C-CH, So-Armah KA, et al. HIV infection and cardiovascular 
disease in women. J Am Heart Assoc 2014;3(5):e001035; doi: 
10.1161/JAHA.114.001035. 

41. Bell AD, MacCallum C, Margolese S, et al. Clinical Practice Guidelines for 
Cannabis and Cannabinoid-Based Medicines in the Management of Chronic Pain 
and Co-Occurring Conditions. Cannabis Cannabinoid Res 2024;9(2):669–687; 
doi: 10.1089/can.2021.0156. 

  

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted March 24, 2026. ; https://doi.org/10.64898/2026.03.21.26348972doi: medRxiv preprint 

https://doi.org/10.64898/2026.03.21.26348972


Figure legends  

Figure 1: Flow chart of the study.  

AE, adverse event. W, week. n, number of participants. 

 

Figure 2: Main immuno-virologic parameters remained stable in both groups.  

All biologic parameters were obtained using standard procedures in a certified 

institutional biochemical laboratory and were evaluated at W0 (inclusion, blue), W4 

(orange), W12 (end of treatment, grey) and W16 (end of follow-up, yellow). 

(A) CD4/CD8 ratio was calculated using plasmatic counts of CD4+ T lymphocytes 

and CD8+ T lymphocytes. (B) Total HIV-1 DNA was quantified by real-time qPCR 

with a limit of detection (LD) of 30 copies of HIV-1 DNA per million PBMC.  

 

Figure 3: For male participants, full-spectrum CBD managed to significantly 

decrease plasmatic total bilirubin 

Plasma analyses for total bilirubin were compared using Friedman tests considering * 

p-value< 0.05, ** p-value< 0.01. Data for total bilirubin are represented as (A, left) 

time*group, and (right) time*group by sex (B: men and C: women) 

 

Figure 4: full-spectrum CBD significantly decreased heart rate in men but not in 

women living with HIV. 

Heart rate (bpm, beats per minute) was measured at W0 (inclusion), W4, W12 (end 

of treatment), and W16 (4 weeks post-treatment/washout) and comparison was made 

between female (left) and male (right) in both groups (placebo and CBD). A: Group 

comparisons for each time point were conducted using an unpaired Student's t-test, 

with p<0.05 (*) defining statistical significance. B: Time-course of heart rate change 

following CBD or placebo administration, stratified by sex. The left panel displays 

data for females; the right panel displays data for males. Orange circles/lines indicate 

CBD treatment; blue circles/lines indicate placebo treatment. 
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Table 1 : Characteristics of study participants at baseline 

  Total (n=80) CBD (n=40) Placebo (n=40) p valuea 

Sex at birth,  

n (%) 

Female  25 (31%) 12 (30.0%) 13 (32%) 0.809a 

Male  55 (69%) 28 (70.0%) 27 (68%)  

Age Median [IQR] 54 [49; 65] 53 [49; 60] 57 [49; 68] 0.125b 

Min-Max 33-82 36-69 33-82  

Years since HIV 

diagnosis 

Median [IQR] 19 [12; 25] 19 [13; 24] 17 [11; 27] 0.970 

Years with 

undetectable 

viral loadc 

Median [IQR] 14 [9; 21] 15 [11; 23] 14 [8; 20] 0.508b 

NADIR CD4, 

cells/mm3 

Median [IQR] 311 [183; 419] 325 [239; 447]d 259 [134; 404]e 0.148. 

Min-Max 4-819 4-819 9-739 . 

CD4+ cell count, 

cells/mm3 

Median [IQR] 738 [577; 929] 763 [612; 932] 666 [558; 919] 0.433 

Min; Max 246-1560 329-1397 246-1560  

CD4/CD8 ratio Median [IQR] 1.1 [0.7; 1.6] 1.2 [0.8; 1.6] 1.1 [0.7; 1.6] 0.344b 

Min; Max 0.3-2.9 0.4-2.9 0.3-2.7 . 

HIV-1 DNA, 

Copies/106 

PBMCs 

Median [IQR] 361 [159; 967] 504 [178; 1164] 336 [156; 704] 0.245 

Min; Max 0-3780 0-3780 0-2683 . 

BMI, kg/m2 Median [IQR] 25 [23; 29] 26 [24; 30] 24 [22; 28] 0.070b. 

Min ; Max 15; 39 18; 39 15; 39  
a p-values were determined with Chi square test for qualitative variables and Student test 
for quantitative variables (except for  b Mann Whitney U tests); c set as <50 copies/ml d 
missing value =1; e missing value=3 

CBD: Cannabidiol; n: number of participants; IQR: interquartile range; BMI: Body Mass 
Index; ART: Antiretroviral therapy 
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Table 2 Evolution of total bilirubin over time according to treatment group, adjusted 

for potential risk factors at baseline  

Conf.low and conf.hight: Counfidence Interval at 95% 

y: year(s) 

std.error: standard error 

  Log (total Bilirubin)  

Predictors Estimates std.error p.value conf.low conf.high 

(Intercept) 2.30509 0.30531 <0.001 1.69569 2.91448 

Treatment group (CBD) 0.08949 0.08159 0.274 -0.07231 0.25129 

Time (since inclusion) -0.00028 0.00068 0.675 -0.00162 -0.00105 

Age -0.00242 0.00329 0.464 -0.00900 0.00407 

Sex (Men) 0.27006 0.07678 0.001 0.11669 0.42343 

Time since the first persistent 

undetectable viral load (1 to 3y) 

0.03257 0.11486 0.777 -0.19662 0.26175 

Time since the first persistent 

undetectable viral load (3 to 10y) 

0.04181 0.09359 0.655 -0.14504 0.22867 

Time since the first persistent 

undetectable viral load (more than 

10y) 

0.04088 0.08979 0.649 -0.13848 0.22023 

BMI 0.00229 0.00742 0.758 -0.01252 0.01710 

CD4 count -0.00023 0.00013 0.083 -0.00049 0.00003 

Time (since inclusion) * Treatment 

group (CBD) 

-0.00189 0.00094 0.046 -0.00374 -0.00004 
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