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Cannabis Use Is Inversely Associated with Overweight and Obesity in Hepatitis B Virus-Infected Patients (ANRS CO22 Hepather Cohort)
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des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Cannabis use was associated with lower risks of overweight and obesity in patients with HBV chronic infection. Future studies should test whether these potential benefits of cannabis and cannabinoid use translate into reduced liver diseases progression in this high-risk population.

Introduction

It has been estimated that HBV chronic infection accounted for a quarter of all global deaths caused by cirrhosis in 2017 [START_REF] Gbd | The global, regional, and national burden of cirrhosis by cause in 195 countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017[END_REF] , and more than half of liver cancer cases in 2012 [START_REF] Maucort-Boulch | Fraction and incidence of liver cancer attributable to hepatitis B and C viruses worldwide[END_REF] . To date, despite the progress made with long-term nucleo(s)tide analogue therapy, HBsAg loss/seroconversion is rarely achieved, and most HBV-infected patients require therapy indefinitely [START_REF] Asselah | Targets and future direct-acting antiviral approaches to achieve hepatitis B virus cure[END_REF][START_REF] Tout | Hepatitis B surface antigen seroclearance: Immune mechanisms, clinical impact, importance for drug development[END_REF] .

Hepatic steatosis, increased body mass index (BMI), diabetes, and combinations of these and other metabolic risk factors are associated with an increased risk of cirrhosis and hepatocellular carcinoma in HBV-infected patients [START_REF] Seto | Chronic hepatitis B and metabolic risk factors: A call for rigorous longitudinal studies[END_REF] . As obesity is a risk factor for hepatic steatosis [START_REF] Zhu | Hepatitis B virus infection and risk of non-alcoholic fatty liver disease: A population-based cohort study[END_REF] and mortality in this population [START_REF] Lin | General and Abdominal Adiposity and Risk of Death in HBV Versus Non-HBV Carriers[END_REF] , identifying clinical and socio-behavioural factors associated with obesity is crucial for optimal clinical management.

HBV vaccine has been compulsory for French newborns since 2018, and is recommended by the country's health authorities until 15 years of age. Although HBV prevalence is low in people born in France, it is higher in people living in France who were born in countries where HBV is endemic [START_REF] Brouard | HCV and HBV prevalence based on home blood self-sampling and screening history in the general population in 2016: contribution to the new French screening strategy[END_REF] . In France and Europe, income is generally lower in immigrant households and the likelihood of poverty is higher 9 . Given this context, where HBV carriers in France are expected to be mainly migrants with low socioeconomic status [START_REF] Brouard | HCV and HBV prevalence based on home blood self-sampling and screening history in the general population in 2016: contribution to the new French screening strategy[END_REF] , and given that socioeconomic status is associated with obesity and weight gain [START_REF] Newton | Socio-economic status over the life course and obesity: Systematic review and meta-analysis[END_REF][START_REF] Herzog | Socioeconomic status and anthropometric changes-A metaanalytic approach from seven German cohorts[END_REF] , we might expect that HBV-infected patients in France are at higher risk of obesity.

Cannabis use has been associated with reduced BMI and a lower likelihood of weight gain in the general population 12,13(p3), [START_REF]Marijuana Use and Type 2 Diabetes Mellitus: a Review[END_REF] , with possible indirect preventive effects on cardiometabolic risk [START_REF] Meier | Associations Between Cannabis Use and Cardiometabolic Risk Factors: A Longitudinal Study of Men[END_REF] . However, while the potential benefits of cannabis use have been highlighted in patients with hepatitis C virus (HCV) infection [START_REF] Barré | Cannabis use is associated with a lower risk of diabetes in chronic hepatitis C-infected patients (ANRS CO22 Hepather cohort)[END_REF][START_REF] Adejumo | Reduced Incidence and Better Liver Disease Outcomes among Chronic HCV Infected Patients Who Consume Cannabis[END_REF] , neither its prevalence nor its effects on anthropometric or clinical outcomes have yet been investigated in HBV-infected patients.

Cannabis use is still criminalized in France. Users may be punished with up to one year in prison and a fine of 3750€ [START_REF] Massin | De jure decriminalisation of cannabis use matters: some recent trends from France[END_REF] ; since 2020, an on-the-spot fine of 150€ can replace the normal procedure at the police's discretion [START_REF] Loi | 222 Du 23 Mars 2019 de Programmation 2018-2022 et de Réforme[END_REF] . Despite this criminalization, France has the highest prevalence of cannabis use among young people and adults in Europe [START_REF]Trends and Developments[END_REF] , and indicators of cannabis use disorder and treatment for dependence are on the rise [START_REF]Drugs, Key Data[END_REF] . The demand for herbal cannabis is also growing, as is its potency [START_REF] Gandilhon | Les Mutations Du Marché Du Cannabis En France (Transformations of French Cannabis Market)[END_REF] . While a national experimentation evaluating the putative circuit whereby medical cannabis would be made available for patients insufficiently relieved from other treatment is ongoing [START_REF]du Médicament et des Produits de Santé. Cadre et mise en oeuvre de l'expérimentation (Framework and implementation of the experimentation[END_REF] , there is still no legal framework for a therapeutic cannabis use in France.

Using data from the French ANRS CO22 Hepather cohort, we aimed to document cannabis use prevalence in HBV-infected patients followed in France, and to identify clinical and socio-behavioural (including cannabis use) risk factors for obesity and overweight in this population.

Materials and methods

Design and participants

The ANRS CO22 Hepather cohort is an ongoing French, national, multicentre, prospective, observational cohort study of patients with chronic active or inactive HBV or HCV infection. The cohort started in August, 2012 [START_REF] Pol | Safety and efficacy of daclatasvir-sofosbuvir in HCV genotype 1mono-infected patients[END_REF] . Eligible patients were invited to participate in the cohort during a medical follow-up visit in their hepatitis healthcare centre.

Thirty-two centres were involved throughout France. Sociodemographic, clinical and biological data were collected at the enrolment visit. Patients were followed on a yearly basis, and supplemental data were collected during visits related to particular events (e.g., HBV or HCV therapy initiation). Written informed consent was obtained from each cohort participant before enrolment. The Hepather protocol was designed in accordance with the Declaration of Helsinki and French law for biomedical research. It was approved by the 'Comité de Protection des Personnes (CPP) Ile de France 3' Ethics Committee (Paris, France) and the French Regulatory Authority (ANSM).

Study population

The main exclusion criterion in Hepather was HIV co-infection. For the present study, the study population comprised patients with chronic HBV infection at cohort enrolment (defined by positive HBsAg for at least six months). Patients with HCV coinfection (n=166) were excluded, as were patients with no data on cannabis use, and those with unavailable data for waist circumference or BMI.

Data collection

The present cross-sectional study is based on data retrieved from the enrolment visit.

During this visit, physicians interviewed the participants face to face using a structured questionnaire. Anthropological measurements and urine and blood samples were also collected during the same visit.

The questionnaire collected clinical and sociodemographic data including gender, age, country of birth, educational level, average monthly household income, employment status (employed or not), time since HBV diagnosis, HBV treatment status, cannabis use, tobacco use, current and past alcohol consumption (number of standard drinks per day) and current coffee consumption (number of cups per day). Body height, weight and waist circumference were measured. Data derived from blood samples included platelet count (10 9 /L), aspartate aminotransferase (AST, IU/L) and alanine aminotransferase (ALT, IU/L) levels.

Outcomes

We used two different obesity-related outcomes. The first was 'central' obesity, defined as having a waist circumference ≥ 94 cm for men (except for men born in Asia, Central or South America, for whom the cut-off was set at 90 cm) and ≥ 80 cm for women [START_REF] Grundy | Diagnosis and management of the metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood Institute Scientific Statement[END_REF] .

The second was a three-category BMI-status variable; specifically, participants with obesity (defined as a BMI ≥ 30 kg/m 2 ), and those with overweight (defined as a BMI between 25 and 30 kg/m 2 ), were compared with participants with no obesity or overweight [START_REF]Body mass index -BMI[END_REF] .

Explanatory variables

For both cannabis and tobacco use, participants were classified in the 'current', 'former' or 'never' category. For coffee consumption, a three-category variable was created based on the thresholds of no, one and three or more cups per day. The second threshold (i.e., 1 cup/day) was used to test for a potential dose-dependent relationship between coffee consumption and the outcomes. The third threshold (i.e., 3 cups or more/day) was chosen based on previous results showing a potential protective effect of coffee on liver stiffness and mortality in patients likely to develop liver disease [START_REF] Carrieri | The impact of coffee consumption on fibrosis and steatosis in HIV-HCV co-infected patients[END_REF][START_REF] Carrieri | Protective effect of coffee consumption on all-cause mortality of French HIV-HCV co-infected patients[END_REF][START_REF] Protopopescu | Protective effect of cannabis and coffee consumption on HCVrelated mortality in French HIV-HCV co-infected patients (ANRS CO13 HEPAVIH cohort)[END_REF] . Alcohol consumption was categorized into four categories based on the threshold for unhealthy alcohol use (defined as > 2 standard drinks per day for women and > 3 standard drinks per day for men, in accordance with the French National Authority for Health 30 ) as follows: abstinent i) with or ii) without a history of unhealthy alcohol use, iii) current unhealthy alcohol use, and iv) current moderate alcohol use (i.e., non-abstinent and non-unhealthy use). Poverty was defined as a standard of living lower than the 2015 French poverty threshold (1015€ per month). Standard of living was calculated as disposable income divided by the number of consumption units in the household. Educational level was dichotomized into having a secondary school diploma or not. Liver fibrosis was assessed using the FIB-4 index, which is a non-invasive marker of fibrosis calculated using age, AST level, ALT level, and platelet count with the following formula: age [years] * AST [IU/L])/(platelet count [10 9 /L] * (ALT [IU/L]) 1/2 . The presence of advanced fibrosis was defined as an FIB-4 index >3.25 [START_REF] Richard | Development of a simple noninvasive index to predict significant fibrosis in patients with HIV/HCV coinfection[END_REF]32 .

Statistical analyses

Two separate comparisons (i.e., one for each outcome) of study sample characteristics were made: one between participants with and without central obesity, and one according to the three-category BMI status variable (participants with obesity, those with overweight, and those without obesity or overweight). The Chi-square and Student's t test were used for categorical and continuous variables, respectively. Similarly, characteristics of excluded patients because of missing data on cannabis use, waist circumference or BMI were compared with those of included patients. Two separate analyses were performed to test for the association between cannabis use and the two study outcomes at cohort enrolment, after adjustment for other potential predictors. First, we estimated a logistic regression model with central obesity as the outcome. Second, we estimated a multinomial regression model with the three-category BMI-status outcome. Specifically, for the latter we took underweight or normal weight as the reference, and tested for the association between explanatory variables and both overweight and obesity. Associations were assessed by odds ratios (OR) for the logistic regression and by relative risk ratios (RRR) for the multinomial regression. The adjustment variables were considered eligible for inclusion in the multivariable analyses if they presented a P-value < 0.20 (Wald test) in the univariable analyses. A backward procedure based on the Wald test was used to select the adjustment variables to keep in each of the final two multivariable models (significance threshold set at P ≤ 0.05). Variables eligible for multivariable analyses but not retained in the final models were reintroduced in these latter to test for potential changes in terms of the degree of significance of the associations and changes in OR or RRR estimates [START_REF] Dunkler | Augmented Backward Elimination: A Pragmatic and Purposeful Way to Develop Statistical Models[END_REF] . An effect of cannabis use on waist circumference and BMI as continuous variables was also tested using linear regression models, based on the same variable selection procedure.

To test for any potential bias introduced by the exclusion of participants with missing waist circumference measures, we performed a sensitivity analysis by including them in the analysis with the three-category BMI-status outcome, and compared the results with those of the main analysis. 

Results

Study population characteristics

The study population comprised 3706 participants (Figure 1). Their characteristics are presented in Table 1. Most were men (63.1%), median age was 42 years (interquartile range (IQR) [34 -54]), and median time since HBV infection diagnosis was nine years (IQR [4 -17]). Most (93.8%) declared they had never used cannabis, and only 2.6% were current users (Table 1). With regard to waist circumference and BMI, 50.8 and 14.4% of participants were classified as people with obesity, respectively, while 34.7% were classified as people with overweight. Among participants classified with obesity according to their BMI, 97.6% were classified with central obesity.

Excluded cohort patients differed from those included in the present study in terms of age (less than one-year difference in median), alcohol consumption, and employment status (data not shown).

Factors associated with central obesity

In multivariable analysis, participants reporting current cannabis use had a 59% lower risk of central obesity than those who never used it (adjusted odds ratio (aOR) [95% confidence interval (CI)]: 0.41 [0.24 -0.70], p=0.001) (Table 2). Other protective factors were being a man, younger age, not living in poverty and having a secondary school diploma.

Current cannabis use was also associated with a lower waist circumference value after multiple adjustment (linear regression coefficient (coef.) [95% CI]: -5.65 [-7.89 --3.41], p<10 - 3 ) (data not shown). None of the reintroductions of excluded explanatory variables in the final model had a relevant impact on the model estimates.

Factors associated with overweight and obesity as measured by BMI

In univariable analyses (Table 3), current cannabis use compared with no lifetime cannabis use was associated with lower risk of both overweight and obesity.

In multivariable analysis, current cannabis users had a 54% lower risk of overweight (adjusted relative risk ratio (aRRR) [95% CI]: 0.46 [0.27 -0.76], p=0.002) and an 84% lower risk of obesity (aRRR [95% CI]: 0.16 [0.04 -0.67], p=0.013) (Table 4). Current cannabis use was also associated with a lower BMI value after multiple adjustment (coef. [95% CI]: -1.87 [-2.62 --1.12], p<10 -3 ) (data not shown). None of the reintroductions of excluded explanatory variables in the final model had relevant impact on models' estimates.

The following variables were associated with both definitions of obesity in multivariable analyses (Table 2 andTable 4): current cannabis use, female gender, older age, living in poverty, and having no secondary school diploma.

Sensitivity analyses, performed on the population that included participants with no data on waist circumference, led to the same results as those in main analysis in terms of the level of significance and adjusted relative risk ratio magnitude (data not shown).

Discussion

Using cross-sectional data from 3706 chronically infected HBV patients, we found that current cannabis use was associated with a 59% lower risk of central obesity (elevated waist circumference), an 84% lower risk of obesity (BMI ≥ 30 kg/m 2 ), and a 54% lower risk of overweight (BMI between 25 and 30 kg/m 2 ), when compared with no lifetime cannabis use.

To our knowledge, this is the first time that such associations have been highlighted for HBVinfected patients.

Our results are consistent with findings for the general population. The negative relationship between cannabis use and BMI has been consistently reported in epidemiological studies [START_REF]Marijuana Use and Type 2 Diabetes Mellitus: a Review[END_REF][START_REF] Meier | Associations Between Cannabis Use and Cardiometabolic Risk Factors: A Longitudinal Study of Men[END_REF][START_REF] Ngueta | Cannabis use in relation to obesity and insulin resistance in the Inuit population[END_REF] . A three-year national prospective study in the U.S. also found that cannabis users were less likely to gain weight than persons who never used it [START_REF] Alshaarawy | Are cannabis users less likely to gain weight? Results from a national 3-year prospective study[END_REF] . Finally, the largest genome-wide association study for lifetime cannabis use to date, revealed genetic overlap between lifetime cannabis use and low BMI [START_REF] Pasman | GWAS of lifetime cannabis use reveals new risk loci, genetic overlap with psychiatric traits, and a causal influence of schizophrenia[END_REF] . This effect of cannabis use on body weight may be mediated by an impact on the endocannabinoid system (ECS). It has been suggested that cannabis use may lead to a long-lasting downregulation of cannabinoid receptor 1 (CB1), which in turn reduces energy storage and increases metabolic rates [START_REF] Clark | Theoretical Explanation for Reduced Body Mass Index and Obesity Rates in Cannabis Users[END_REF] . An effect of cannabis use on endocrine pathways related to appetite and metabolism (especially insulin concentration) has also been reported [START_REF] Farokhnia | Effects of oral, smoked, and vaporized cannabis on endocrine pathways related to appetite and metabolism: a randomized, double-blind, placebo-controlled, human laboratory study[END_REF] . Moreover, as the ECS in the gastrointestinal tract is a key component of the gut-brain axis that controls food intake (which is dysregulated in diet-induced obesity) [START_REF] Dipatrizio | Endocannabinoids and the Gut-Brain Control of Food Intake and Obesity[END_REF] , we may expect that cannabis use also exerts a regulatory role in this local ECS and indirectly affect body weight.

Obesity or an elevated BMI are likely to foster hepatic steatosis, HCC and mortality in HBV-infected patients [START_REF] Seto | Chronic hepatitis B and metabolic risk factors: A call for rigorous longitudinal studies[END_REF][START_REF] Zhu | Hepatitis B virus infection and risk of non-alcoholic fatty liver disease: A population-based cohort study[END_REF][START_REF] Lin | General and Abdominal Adiposity and Risk of Death in HBV Versus Non-HBV Carriers[END_REF] . Conversely, improving BMI may have a beneficial effect on alanine aminotransferase normalization [START_REF] El-Kader | Impact of weight reduction program on serum alanine aminotransferase activity and immunologic response in obese hepatitis B patients[END_REF][START_REF] Wang | Longitudinal Change of Body Mass Index Is Associated With Alanine Aminotransferase Elevation After Complete Viral Suppression in Chronic Hepatitis B Patients[END_REF] and possibly long-term outcomes after viral suppression [START_REF] Wang | Longitudinal Change of Body Mass Index Is Associated With Alanine Aminotransferase Elevation After Complete Viral Suppression in Chronic Hepatitis B Patients[END_REF] . HBV-infected patients are therefore likely to benefit from overweight or obesity prevention and/or weight loss interventions, when overweight is already present. The major role of the ECS in energy homeostasis and metabolic disorders has been documented [START_REF] Silvestri | The endocannabinoid system in energy homeostasis and the etiopathology of metabolic disorders[END_REF] . The previous use of CB1 antagonists for treating obesity yielded promising results, but was stopped because of severe side effects [START_REF] Marzo | CB1 antagonists for obesity--what lessons have we learned from rimonabant?[END_REF] . However, the diversity of cannabinoids present in cannabis as well as their synthetic counterparts constitutes a promising field of research for alleviating elevated body weight-related disorders [START_REF] Bielawiec | Phytocannabinoids: Useful Drugs for the Treatment of Obesity? Special Focus on Cannabidiol[END_REF][START_REF] Palomares | Tetrahydrocannabinolic Acid a (THCA-A) Reduces Adiposity and Prevents Metabolic Disease Caused by Diet-Induced Obesity[END_REF][START_REF] Palomares | VCE-004.8, A Multitarget Cannabinoquinone, Attenuates Adipogenesis and Prevents Diet-Induced Obesity[END_REF] , including in HBV-infected patients.

Further investigations should be carried out to test whether the seemingly beneficial effect of cannabis use on BMI in HBV-infected patients also translates into metabolic or hepatic benefits. Moreover, as the ECS influences gastrointestinal homeostasis, direct effects of cannabis use (and/or its derivatives) on hepatic diseases should also be investigated further [START_REF] Gotfried | Role of Cannabis and Its Derivatives in Gastrointestinal and Hepatic Disease[END_REF] , especially as similar effects have already been suggested by studies conducted in HIV-HCV co-infected patients [START_REF] Adejumo | Reduced Incidence and Better Liver Disease Outcomes among Chronic HCV Infected Patients Who Consume Cannabis[END_REF][START_REF] Protopopescu | Protective effect of cannabis and coffee consumption on HCVrelated mortality in French HIV-HCV co-infected patients (ANRS CO13 HEPAVIH cohort)[END_REF][START_REF] Barre | Cannabis use and reduced risk of elevated fatty liver index in HIV-HCV co-infected patients: a longitudinal analysis (ANRS CO13 HEPAVIH)[END_REF][START_REF] Nordmann | Daily cannabis and reduced risk of steatosis in human immunodeficiency virus and hepatitis C virus-co-infected patients (ANRS CO13-HEPAVIH)[END_REF] . The potential protective effect of cannabis and cannabinoids on hepatic steatosis [START_REF] Carrieri | The impact of coffee consumption on fibrosis and steatosis in HIV-HCV co-infected patients[END_REF][START_REF] Nordmann | Daily cannabis and reduced risk of steatosis in human immunodeficiency virus and hepatitis C virus-co-infected patients (ANRS CO13-HEPAVIH)[END_REF][START_REF] Kaushal | Ameliorative effects of hempseed (Cannabis sativa) against hypercholesterolemia associated cardiovascular changes[END_REF][START_REF] Silvestri | Two non-psychoactive cannabinoids reduce intracellular lipid levels and inhibit hepatosteatosis[END_REF] is of particular interest for HBVinfected patients, as hepatic steatosis is a strong predictor of cancer and mortality in this population [START_REF] Peleg | Liver steatosis is a strong predictor of mortality and cancer in chronic hepatitis B regardless of viral load[END_REF] .

Data on cannabis use in HBV-infected people are scarce. In the present study, 2,6% of the study population reported current cannabis use, which is much lower than selfreported prevalence for HCV-infected people in France [START_REF] Barré | Cannabis use is associated with a lower risk of diabetes in chronic hepatitis C-infected patients (ANRS CO22 Hepather cohort)[END_REF] , but close to previous-month use in people aged 35-44 (5.9%) and 45-54 (2.9%) observed in France in 2017 [START_REF] Spilka | Les Niveaux d'usage Des Drogues Illicites En France En 2017 (Illegal Drug Use Levels in France in 2017)[END_REF] . Cannabis use might have been under-reported because the face-to-face data collection methodology in Hepather may have led to desirability bias.

Poverty and low educational level were strongly associated with obesity in our study. This reflects a WHO report which estimated that in the EU, 26% of obesity in men and 50% of obesity in women can be attributed to inequalities in educational level, with persons with a low socioeconomic status being approximately twice as likely to become obese [START_REF] Loring | Obesity and Inequities. Guidance for Addressing Inequities in Overweight and Obesity[END_REF] . Low socioeconomic status has been associated with poorer diet quality [START_REF] Lewis | Dietary inequity? A systematic scoping review of dietary intake in low socio-economic groups compared with high socio-economic groups in Australia[END_REF][START_REF] Kell | Associations between socio-economic status and dietary patterns in US black and white adults[END_REF][START_REF] Hassen | Socioeconomic Indicators Are Independently Associated with Nutrient Intake in French Adults: A DEDIPAC Study[END_REF] , and low income is a major barrier to healthy eating [START_REF] Darmon | Contribution of food prices and diet cost to socioeconomic disparities in diet quality and health: a systematic review and analysis[END_REF] . Furthermore, low-income households are exposed to diverse sources of stress and short sleep duration which enhance the preference for highly palatable foods and emotional eating [START_REF] Laraia | Biobehavioral Factors That Shape Nutrition in Low-Income Populations: A Narrative Review[END_REF] . Finally, specific psychosocial determinants may promote unhealthy dietary habits [START_REF] Inserm | Inégalités Sociales de Santé En Lien Avec[END_REF] .

The gender effect which we found, where women were more likely to have obesity than men, reflects widely reported findings, and may be explained by factors including the influence of gonadal steroids on body composition and appetite, chromosomal factors, and myriad sociocultural dynamics [START_REF] Lovejoy | Working Group. Sex differences in obesity and the regulation of energy homeostasis[END_REF][START_REF] Kanter | Global gender disparities in obesity: a review[END_REF] . The protective effect of tobacco smoking on obesity (BMI≥30 kg/m 2 ) which we found is also in line with findings elsewhere. It has been suggested that this effect is related to both decreased food intake and increased energy expenditure [START_REF] Audrain-Mcgovern | Cigarette smoking, nicotine, and body weight[END_REF] .

As tobacco is frequently co-smoked with cannabis in Europe [START_REF] Hindocha | No Smoke without Tobacco: A Global Overview of Cannabis and Tobacco Routes of Administration and Their Association with Intention to Quit[END_REF] , it is possible that the effect of cannabis on body weight which we observed was in reality related to tobacco. However, as it is likely that cannabis users are also tobacco cigarette users, we are confident that our adjusting for tobacco use in the analysis isolated the effect strictly due to cannabis.

The main strength of the present study is its large sample size (n= 3706), which allowed us to highlight an effect of cannabis use on obesity. However, the low self-reported prevalence of use prevented us from drawing firm conclusions, and replication studies are needed. The consistent results between the two models (i.e., BMI-and waist circumferencebased) attest to the robustness of our conclusions. BMI is a simple marker that has previously been associated with progression of hepatitis B and associated fibrosis [START_REF] Yu | Body-mass index and progression of hepatitis B: a population-based cohort study in men[END_REF][START_REF] Marcellin | Regression of cirrhosis during treatment with tenofovir disoproxil fumarate for chronic hepatitis B: a 5-year open-label follow-up study[END_REF][START_REF] Seto | Body-mass index is associated with fibrosis regression during longterm nucleoside analogue therapy in chronic hepatitis B[END_REF] . It has previously been highlighted that a measure of waist circumference provides both independent and complementary information to BMI values when predicting morbidity and mortality. This is likely to be at least partly due to its ability to identify adults with increased visceral adipose tissue mass [START_REF] Ross | Waist circumference as a vital sign in clinical practice: a Consensus Statement from the IAS and ICCR Working Group on Visceral Obesity[END_REF] .

Another study strength is the fact that we statistically adjusted for socio-behavioural and clinical factors; it is widely recognized that these factors strongly impact body weight. Some limitations must also be mentioned. First, data on cannabis use were based on self-report, which may imply desirability bias and there underreporting. However, any such underreporting would be unlikely to be different between the two groups (i.e., with and without obesity). Second, data on the principal behavioural factors related to body weightsuch as dietary intake and physical activity -were unavailable. However, we believe that the impact of this was minimized as these factors are also related to socioeconomic status, for which we had data.

Conclusions

To conclude, we found that current cannabis use was consistently associated with lower risk of both obesity and overweight in patients with chronic HBV infection. Further studies should investigate the mechanisms leading to this effect, so that cannabinoid-based treatments against elevated body weight can be developed. Moreover, future studies should test whether this potential benefit of cannabis and cannabinoid use translates into a reduction in the high risk of liver disease progression in this population. Central obesity was defined as having a waist circumference ≥ 94 cm for men (except for men born in Asia, Central or South America, for whom the cut-off was set at 90 cm) and ≥ 80 cm for women (24) † Advanced liver fibrosis was defined as a FIB-4 score >3.25 (21) aOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; HBV, hepatitis B virus; OR, odds ratio 

  All analyses were performed with Stata software version 14.1 for Windows (StataCorp LP, College Station, TX).
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 11 Figure 1: Flow chart of the study population (ANRS CO22 Hepather cohort)

  

Table 2 : Factors associated with central obesity in univariable and multivariable analyses (logistic regression, ANRS CO22 Hepather cohort, n=3706)
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	Variables	Univariable		Multivariable	
		analysis		analysis	
		(n=3706)		(n=3587)	
		OR [95% CI]	P-	aOR [95% CI]	P-
			value		value
	Cannabis use				
	Never (ref.)	1	< 10 -3	1	0.002
	Former	0.80 [0.57 -1.14]	0.220	1.20 [0.84 -1.72]	0.322
	Current	0.23 [0.13 -0.38]	< 10 -3	0.41 [0.24 -0.70]	0.001
	Gender				
	Male (ref.)	1		1	
	Female	2.58 [2.25 -2.96]	< 10 -3	2.92 [2.51 -3.40]	< 10 -3
	Age at baseline (years)	1.04 [1.03 -1.05]	< 10 -3	1.05 [1.04 -1.05]	< 10 -3
	Coffee consumption				
	0 cup/day (ref.)	1	0.076		
	1-2 cups/day	1.12 [0.97 -1.31]	0.129		
	≥ 3 cups/day	1.20 [1.02 -1.42]	0.028		
	Tobacco smoking				
	Never (ref.)	1	< 10 -3		
	Former	1.33 [1.12 -1.59]	0.002		
	Current	0.72 [0.60 -0.85]	< 10 -3		
	Alcohol consumption				
	Abstinent without past unhealthy				
	use (ref.)	1	0.002		
	Abstinent with past unhealthy use	1.54 [1.09 -2.18]	0.015		
	Moderate use	0.89 [0.78 -1.02]	0.096		
	Unhealthy use	1.82 [1.05 -3.17]	0.033		
	Living in poverty				
	No (ref.)	1		1	
	Yes	1.28 [1.12 -1.45]	< 10 -3	1.47 [1.26 -1.70]	< 10 -3
	Education level				
	< secondary school diploma (ref.)	1		1	
	≥ secondary school diploma	0.63 [0.55 -0.72]	< 10 -3	0.83 [0.72 -0.96]	0.013
	Employed				
	No (ref.)	1			
	Yes	0.68 [0.59 -0.77]	< 10 -3		
	Advanced liver fibrosis †				
	No (ref.)	1			
	Yes	1.30 [0.94 -1.81]	0.113		
	Time since HBV diagnosis	1.02 [1.01 -1.02]	< 10 -3		
	(years)				
	HBV treatment status				
	Never treated (ref.)	1	0.282		
	History of treatment	1.14 [0.86 -1.50]	0.369		
	Ongoing treatment	0.93 [0.81 -1.06]	0.275		

Table 3 : Factors associated with overweight and obesity in univariable analyses (multinomial logistic regression, ANRS CO22 Hepather cohort, n=3706)
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	Variables	Overweight		Obesity	
		(25 ≤ BMI < 30)		(BMI ≥ 30)	
		RRR [95% CI]	P-	RRR [95% CI]	P-
			value		value
	Cannabis use				
	Never (ref.)	1	0.006	1	0.005
	Former	0.99 [0.67 -		1.07 [0.65 -	
		1.44]	0.941	1.77]	0.786
	Current	0.46 [0.29 -		0.09 [0.02 -	
		0.74]	0.001	0.39]	0.001
	Gender				
	Male (ref.)	1		1	
	Female	0.71 [0.61 -		1.60 [1.32 -	
		0.83]	< 10 -3	1.94]	< 10 -3
	Age at baseline (years)	1.02 [1.01 -	< 10 -3	1.03 [1.02 -	< 10 -3
		1.02]		1.03]	
	Coffee consumption				
	0 cup/day (ref.)	1	0.057	1	0.509
	1-2 cups/day	1.05 [0.89 -		1.04 [0.83 -	
		1.24]	0.552	1.31]	0.713
	≥ 3 cups/day	1.24 [1.03 -		1.15 [0.90 -	
		1.48]	0.020	1.48]	0.250
	Tobacco smoking				
	Never (ref.)	1	< 10 -3	1	< 10 -3
	Former	1.46 [1.20 -		1.42 [1.10 -	
		1.77]	< 10 -3	1.83]	0.006
	Current	0.93 [0.77 -		0.64 [0.48 -	
		1.13]	0.477	0.85]	0.002
	Alcohol consumption				
	Abstinent without past unhealthy use				
	(ref.)	1	0.182	1	0.002
	Abstinent with past unhealthy use	1.48 [1.00 -		2.29 [1.46 -	
		2.18]	0.048	3.60]	< 10 -3
	Moderate use	1.09 [0.94 -		1.08 [0.88 -	
		1.26]	0.261	1.33]	0.446
	Unhealthy use	1.23 [0.68 -		1.68 [0.82 -	
		2.23]	0.498	3.46]	0.158
	Living in poverty				
	No (ref.)	1		1	
	Yes	1.16 [1.00 -		1.66 [1.37 -	
		1.34]	0.047	2.02]	< 10 -3
	Education level				
	< secondary school diploma (ref.)	1		1	
	> secondary school diploma	0.84 [0.73 -		0.53 [0.43 -	
		0.97]	0.018	0.64]	< 10 -3
	Employed				
	No (ref.)	1		1	
	Yes	0.97 [0.83 -		0.64 [0.53 -	
		1.12]	0.631	0.78]	< 10 -3
	Advanced liver fibrosis †				
	No (ref.)	1		1	
	Yes	0.86 [0.59 -		1.19 [0.76 -	
		1.24]	0.416	1.87]	0.438
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