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Introduction

Since the introduction of antiretroviral therapies (ART), people living with HIV (PLHIV) in developed countries are less likely to suffer from AIDS-related opportunistic diseases and their life expectancy is similar to the non-infected HIV population [START_REF] Lewden | All-cause mortality in treated HIV-infected adults with CD4 >=500/mm3 compared with the general population: evidence from a large European observational cohort collaboration[END_REF][START_REF] Trickey | Survival of HIVpositive patients starting antiretroviral therapy between 1996 and 2013: a collaborative analysis of cohort studies[END_REF][START_REF] Deeks | The end of AIDS: HIV infection as a chronic disease[END_REF]. However, PLHIV are highly affected by non-AIDS co-morbidities, including bacterial infections, which remain more frequent among PLHIV [START_REF] Marec | Incidence and risk factors for severe bacterial infections in people living with HIV. ANRS CO3 Aquitaine Cohort 2000-2012[END_REF][START_REF] Barry | Invasive pneumococcal disease in a cohort of HIV-infected adults: incidence and risk factors, 1990-2003[END_REF][START_REF] Kohli | Bacterial pneumonia, HIV therapy, and disease progression among HIV-infected women in the HIV Epidemiologic Research (HER) Study[END_REF][START_REF] Sogaard | Hospitalization for pneumonia among individuals with and without HIV Infection, 1995-2007: A Danish population-based, nationwide cohort study[END_REF][START_REF] Domingo | Bacterial meningitis in HIV-1-infected patients in the era of highly active antiretroviral therapy[END_REF]. Severe bacterial infections (SBI) represents the second cause of hospitalization in HIV adults and the first cause of hospitalization in HIV children worldwide and in all geographical regions [START_REF] Ford | Causes of hospital admission among people living with HIV worldwide: a systematic review and meta-analysis[END_REF]. The severity of these infections in this population also appears to be greater than in the general population, accounting for 10% and more of non-AIDS deaths among PLHIV [START_REF] Lewden | All-cause mortality in treated HIV-infected adults with CD4 >=500/mm3 compared with the general population: evidence from a large European observational cohort collaboration[END_REF][START_REF] Morlat | Causes of death among HIV-infected patients in France in 2010 (national survey): trends since 2000[END_REF] in northern countries and up to 20% in Africa [START_REF] Farahani | Prevalence and distribution of non-AIDS causes of death among HIV-infected individuals receiving antiretroviral therapy: a systematic review and meta-analysis[END_REF]. In this context, improving the primary prevention of bacterial infections in PLHIV seems necessary.

Statins, whose primary indication is the treatment of hypercholesterolemia, also appear to have beneficial immunomodulatory and anti-inflammatory effects [START_REF] Palinski | Immunomodulation: a new role for statins?[END_REF][START_REF] Mach | Statins as immunomodulators[END_REF][START_REF] Marz | HMG-CoA Reductase Inhibition: Anti-Inflammatory Effects beyond Lipid Lowering?[END_REF]. Although the mode of action has not yet been established, statins seems to be able to advantageously modulate inflammatory responses to severe infections, and also have a direct influence on the infectivity and proliferation of a wide range of microorganisms [START_REF] Palinski | Immunomodulation: a new role for statins?[END_REF]. Observational studies have shown a decreased risk of infection among statin-users in the general population and immunosuppressed populations such as people with diabetics or kidney failure [START_REF] Gupta | Statin use and hospitalization for sepsis in patients with chronic kidney disease[END_REF][START_REF] Tleyjeh | Statins for the prevention and treatment of infections: A systematic review and meta-analysis[END_REF][START_REF] Björkhem-Bergman | Statin treatment and mortality in bacterial infections -A systematic review and meta-analysis[END_REF][START_REF] Khan | The role of statins in prevention and treatment of community acquired pneumonia: a systematic review and meta-analysis[END_REF]. However, the potential protective effect of statins on the risk of infection remains controversial. A meta-analysis of seven clinical trials reanalyzed for this specific purpose does not support the hypothesis that statins reduce the risk of infection at least on the short term duration of a therapeutic trial [START_REF] Van Den Hoek | Statins and prevention of infections: systematic review and meta-analysis of data from large randomised placebo controlled trials[END_REF]. However, a large randomized clinical trial, which evaluated the effect of statins on many types of infections, showed slight decreases in the risk of pneumoniae, soft tissue and gynecological infections among statin-users [START_REF] Novack | The effect of rosuvastatin on incident pneumonia: results from the JUPITER trial[END_REF]. The association between statin use and SBI has not been studied in PLHIV, a population with an increased risk of SBI.

The aim of this study was to evaluate the effect of statin use on the occurrence of a first episode of SBI in PLHIV in the era of ART in the French Agence Nationale de Recherche sur le Sida (ANRS) CO3 Aquitaine cohort, in southwestern France, between 2000 and 2018.

Methods

Study design and population

The ANRS CO3 Aquitaine cohort was created in 1987 at the Bordeaux University hospital that is the sponsor of the study. It is an open, prospective and multicentric hospital-based cohort of PLHIV [START_REF] Marec | Incidence and risk factors for severe bacterial infections in people living with HIV. ANRS CO3 Aquitaine Cohort 2000-2012[END_REF]. Participants are recruited in 16 medical centers from 11 public hospitals in southwestern France. All patients, aged 18 years or older attending a participating hospital in the study could be included in the cohort if their HIV-1 infection had been confirmed by a Western blot testing. All patients included in this cohort provided written informed consent.

The study protocol was approved by the French Ethics committee (Comité de protection des personnes Sud-Ouest et Outre Mer III).

Data is collected at each consultation or hospitalization of the subject using an electronical case report form. A total of 10,695 patients were included in the cohort as of December 31, 2018. Within the ANRS CO3 Aquitaine cohort, subjects who had at least two follow-up visits between January 1, 2000 and December 31, 2018 were included for the purpose of the present study.

Outcomes: First episode of SBI and Severe pulmonary bacterial infection (SPBI)

A bacterial infection was defined as a clinical diagnosis associated with one of the codes of the 10th revision of the International Classification of Diseases (ICD10) representing a bacterial infection [21]. It was considered severe when it resulted in a hospitalization of at least 48 hours or death. Initial diagnoses of SBI recorded in the database were systematically reassessed by a physician who reviewed each patient's file and classified SBI cases as definite, probable, possible or excluded. Definite, probable and possible SBI were retained in this present study to improve specificity of SBI classification. Severe pulmonary bacterial infections (SPBI) were considered in secondary analyses.

Principal exposure: the use of statins

Statin use was assessed using the Anatomy, Therapeutic and Chemical (ATC) classification used to classify drugs. All treatments characterized by a C10AA/C10BA codes, were considered as statin therapies. For each individual, at each follow-up visit, investigators recorded information regarding statin type, dosing, statin discontinuations and the duration of treatment.

Confounding factors

Potential confounding factors in the relationship between statin use and the occurrence of SBI were identified: route of HIV acquisition, history of cancer and cardiovascular disease, co-infection with hepatitis C virus (HCV) or hepatitis B virus (HBV), age, gender, stage of HIV infection (Stage A, B, C), ART history, diabetes, alcohol and tobacco consumption, HIV-1 viral load, CD4 and CD8 T-lymphocytes count. The route of HIV acquisition, age and gender were recorded at the inclusion in the cohort. All other confounding variables were time dependent. Co-infection with hepatitis C virus was defined as the presence of HCV antibody or HCV ribonucleic acid; HBV co-infection was defined as the presence of HBsAg or HBV DNA. The use and type of ART was also collected at inclusion and at each follow-up visit.

The HIV-1 viral load (measured in copies/mL), CD4+ and CD8+ lymphocyte counts (measured in cells/mm3) were measured at each blood test.

Statistical analyses

Characteristics of the study population were described according to the status of statin use.

Annual incidence rates of SBI and SPBI were computed by dividing the number of first SBI or SBPI by the total number of person-years. The confidence intervals (CI) were calculated using the exact Poisson method. The cumulative incidence curves were calculated with the Aalen-Johansen estimator to take death into account as a competitive risk upon the occurrence of a first episode of SBI.

Main analysis

Only complete cases were included. Subjects were considered to be on statins between the date of statin initiation and the end of their follow-up even if they stopped treatment, to be close to an intention to treat analysis. Survival times were the time between inclusion in the study and the date of the occurrence of SBI, death, the last follow-up visit or December 31, 2018, whichever occurred first. In order to take into account the problem of time-dependent confusion, Cox marginal structural model were performed with the method of stabilized inverse probability weighting (SIPW) [START_REF] Hernan | Causal Inference[END_REF][START_REF] Hernán | Observational studies analyzed like randomized experiments: an application to postmenopausal hormone therapy and coronary heart disease[END_REF][START_REF] Robins | Marginal structural models and causal inference in epidemiology[END_REF]. For each subject, SIPW numerator was the probability of being on statin conditionally on his history of statin use and his baseline confounding and the SIPW denominator was the probability of being on statins conditionally to his history of statin use, his baseline and time-dependent confounding. The effect of statin use on the occurrence of SBI and SPBI was then estimated by an unadjusted cause-specific Cox model weighted by SIPW. The risk proportionality hypothesis was verified using Schönefeld residues.

Sensitivity analyses

Classical Cox models [START_REF] Cox | Regression Models and Life-Tables[END_REF] (unadjusted and time-dependent adjusted) were also performed in order to compare results with those to Cox marginal structural model. In a second analysis, subjects were censored at the end date of statin treatment when information was available in the patient's follow-up, in order to be close to an "as treated" analysis [START_REF] Hernán | Observational studies analyzed like randomized experiments: an application to postmenopausal hormone therapy and coronary heart disease[END_REF]. Cox marginal structural models were then performed using the same method as for the main analysis, but in this case SIPW were multiplied by the inverse of the probability of being censored. In order to verify the validity of the results obtained in the Cox marginal structural model and in particular the plausibility of the exchangeability hypothesis, two other models were carried out by calculating SIPW using other sets of variables. In a first model, total cholesterol was added to the confounding variables because it was strongly related to statin use. In another model, instead of the number of CD4 and CD8, the CD4/CD8 ratio was used because it is strongly associated with SBI [START_REF] Marec | Incidence and risk factors for severe bacterial infections in people living with HIV. ANRS CO3 Aquitaine Cohort 2000-2012[END_REF]. Protease inhibitors and Integrase strand transfer inhibitors can have markedly different effects on lipids. Thus, patients with a protease inhibitors based regimen might have a higher probability of being treated with statins. Therefore, we did sensitivity analyses adjusting the analysis with an ART variable distinguishing between no treatment, PI-based regimens, INSTI-based regimens, other cART and monotherapy. At last, since lipophilic statins exert more immunomodulatory effects that hydrophilic, we performed stratified analysis including lipophilic and hydrophilic statins on the risk of SBI.

In order to manage missing data, presence of diabetes, HIV-1 viral load, number of CD4, number of CD8, HCV co-infection, HBV co-infection, alcohol and tobacco consumptions were imputed using Multivariate Imputation by Chained Equations (MICE) [START_REF] Azur | Multiple imputation by chained equations: what is it and how does it work?[END_REF]. Imputation was performed on five datasets that were then grouped together for analysis. The variables used to predict missing values were sex, age, mode of HIV infection, stage of HIV infection, history of cancer and cardiovascular disease, ART, statin use and occurrence of SBI. All analyses were done using R-3.5.2 and R Studio 1.2.1335 [START_REF] Robins | Marginal structural models and causal inference in epidemiology[END_REF].

Results

Population description

Of the 10,695 individuals included in the cohort as of December 31, 2018, 7,313 subjects met the inclusion criteria, representing 66,142 person-years of follow-up (figure).

The characteristics of patients of the ANRS CO3 Aquitaine Cohort at inclusion, five and ten years of follow-up are included in the table 1. The characteristics of patients taking statins and not taking statins are described in the table 2.

The overall incidence of a first episode of SBI (including SPBI) was 12.4/1000 person-years (95%CI: 11.6-13.3). The probability of developing a SBI was 7.0% in the first 5 years of the study, 11.7% in the first 10 years of the study and 15.1% in the first 15 years of the study.

The overall incidence of a first episode of SPBI was 6.7/1 000 person-years (95%CI: 11.6-13.3) with a decrease of the incidence from 18,6/1 000 person-years in 2000-2002 to 0.6/1 000 person-years in 2017-2018. The probability of developing a SPBI was 3.3% in the first 5 years of the study, 6.1% in the first 10 years of the study and 8.3% in the first 15 years of the study.

Association between statin use and occurrence of SBI and SPBI

According to the results of the main analysis, no significant difference in risk of SBI and SPBI was observed between statin-users and non-statin-users. If the entire population would have been treated with statins, the instant risk of a first episode of SBI would have been 3% lower than the instant risk that would have been observed if the same population had not been treated with statins (Hazard ratio (HR)=0.97; 95%CI: 0.75-1.25; p=0.82). The results were similar for all sensitivity analyses performed and after MICE imputations (table 3). If the entire population would have been treated with statins, the instant risk of a first episode of SPBI would have been 8% lower than the instant risk that would have been observed if the same population had been treated with statins (HR=0.92; 95%CI: 0.67-1.28). The results were similar for all sensitivity analyses performed and after MICE imputations (table 4).

No protective effect of statins on the risk of SBI was observed with either the crude Cox model, the adjusted Cox model, artificial censorship of subjects who stopped the statins, adding total cholesterol to the calculation of SIPW or replacing the number of CD4 and CD8 with the CD4/CD8 ratio (table 3). The same results were observed when we considered the effect of statins on the risk of SPBI (table 4).

In stratified analysis the effect of statins on SPI was not modified by the type (lipophilic and hydophilic) of statin used (data not shown).

Complementary analysis adjusting for ACE inhibitors and angiotensin II receptors blocker use had no impact of our overall results (data not shown).

Discussion

Although the association between statin use and the occurrence of infections has been widely discussed in the literature, this study is the first to focus on this association in PLHIV, a population with a documented increased risk of SBI. The number of events observed was sufficient due to a large sample, long follow-up (19 years) and few people lost to follow-up.

All analyses done in this study showed no statistically significant effects of statin use on the risk of occurrence of SBI in PLHIV.

Unlike our study, a large number of observational studies have shown a protective effect of statin use on the risk of infection and published meta-analyses have also concluded in this regard [START_REF] Tleyjeh | Statins for the prevention and treatment of infections: A systematic review and meta-analysis[END_REF][START_REF] Khan | The role of statins in prevention and treatment of community acquired pneumonia: a systematic review and meta-analysis[END_REF]. However, the majority of studies were retrospective and statin status was not updated during follow-up. In our study, we attempted to approximate the effects that would have been observed if the study would have been a randomized clinical trial. Our results were identical to those observed in a meta-analysis of clinical trials done by van den Hoek et al. in 2011, where no effect of statin use on the risk of infection was found [START_REF] Van Den Hoek | Statins and prevention of infections: systematic review and meta-analysis of data from large randomised placebo controlled trials[END_REF]. But in the randomized trial of Novack et al. 2012 [START_REF] Novack | The effect of rosuvastatin on incident pneumonia: results from the JUPITER trial[END_REF], statin use was associated with a slightly decrease of pneumonia we have not confirmed in our larger observational study. Of note, this randomized trial was not designed to show an effect of statins on the risk of SBI and the target population was at low risk of SBI, far from our HIV population.

Statin therapy, like other preventive therapies, is known to be a potential source of "healthy user" bias. Individuals initiating preventive therapy are more aware of their health and have better medical follow-up. This may therefore lead to a systematic difference in risk between the two treatment strategies, with a reduced risk of infection among statin-users, unrelated to the therapeutic virtues of the treatment. However, in our context, HIV infection requires regular medical follow-up in all cases, which has minimized the presence and impact of this bias. Assessing the effectiveness of a treatment in an observational study can lead to biased results, particularly because the assignment to treatment groups is not random and the reasons for receiving a certain level of exposure are likely to be associated with the individual characteristics. This problem has been well considered here by using an analytical strategy adapted for the obtention of causal effects in observational studies by taking into account time-dependent confounding bias.

During this study, although every effort was made to minimize potential sources of error, several limitations were identified. First, the selection of the population resulted in the exclusion of 2515 subjects from the cohort. Excluded individuals had more unfavorable characteristics than included subjects (supplementary material). These differences suggested that the sample actually used may not be representative of the target population.

A significant number of data were missing, resulting in the loss of one-third of the initial sample. Nevertheless, the analyses after imputation showed results similar to the complete case analysis. Exposure to statins was defined using the information we had in the patient follow-up sheets based on ATC classification which is important for obtaining accurate information regarding drug use. After a treatment initiation, it happened that no information was available during several follow-up visits. In these cases, subjects were considered statinusers until we had a date of treatment discontinuation. This could have led to errors in exposure classification. Nevertheless, this had no impact on the study's principal analyses in which, after statin initiation, subjects were considered under treatment throughout their follow-up. Unlike a clinical trial where treatment levels are well defined in the protocol, in an observational study, there may be several "versions" of the same level of exposure. We showed no effect of lipophilic or hydrophilic statins on the risk of SBI, but according to the imbalance of the prescriptions in favor of the hydrophilic statins less likely to induce drugdrug interactions with antiretrovirals, we can not exclude a specific effect of lipophilic statins on the risk of SBI. 

Figure :

 : Figure: Flow of participants through the study, ANRS CO3 Aquitaine Cohort, 2000-2018.

Table 1 :

 1 Time-dependent characteristics at inclusion, 5 years, 10 years and 15 years after inclusion in the study. ANRS CO3 Aquitaine cohort, 2000

Table 2 :

 2 Characteristics of individuals at the time of statin intake for subjects who initiated statin therapy during their follow-up and inclusion in the study for subjects who did not take statins during follow-up, ANRS CO3 cohort, Aquitaine, 2000-2018 Hemophilia, transfusion between 01/01/1978 and 01/08/1985, maternal-fetal contamination, accident of exposure to the risk of HIV transmission * Protease inhibitor or nucleoside and nucleoside reverse transcriptase inhibitors or non-nucleoside reverse transcriptase inhibitors or integrase inhibitors or maturation inhibitors or fusion inhibitors or not classified † Taking oral/injectable antidiabetic therapy or having blood glucose levels at any time of day > 2g/dL ♦ Presence of HCV antibody or HCV ribonucleic acid

	Statin users (N=1590)	Non-statins users (N=5723)

Ø Presence of HBs antigen or HBV DNA
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SBI are still very common among PLHIV and finding a protective effect of statins could have significantly improved the health of this population. Unfortunately, statins appear to be ineffective in the primary prevention of SBI and SPBI in PLHIV. In a previous study on the same database between 2000 and 2007 we showed that smoking cessation dramatically reduced the risk of bacterial pneumonia independently of other factors [START_REF] Benard | Bacterial pneumonia among HIV-infected patients: decreased risk after tobacco smoking cessation. ANRS CO3 Aquitaine Cohort, 2000-2007[END_REF].

The reduction of the incidence of SBI/SPBI in PLHIV will have to be done by considering other options than statins such as tobacco quitting and generalization of influenza and pneumococcal vaccination. 
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