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Introduction

While there is clear consensus on the benefits of initiating statins in elderly patients with cardiovascular disease, the benefits of starting these treatments in elderly patients without such history remains debated given the lack of experimental or observational data focusing on primary prevention in the elderly, and the costs and risks of treatment. [START_REF] Force | Statin Use for the Primary Prevention of Cardiovascular Disease in Adults: US Preventive Services Task Force Recommendation Statement[END_REF][START_REF] Catapano | ESC/EAS Guidelines for the Management of Dyslipidaemias[END_REF][START_REF] Gurwitz | Statins for Primary Prevention in Older Adults: Uncertainty and the Need for More Evidence[END_REF][START_REF] Godlee | Lessons from the controversy over statins[END_REF] Moreover, the estimation of the cardiovascular risk (used to guide initiation of statins) may be overestimated in older adults by the usual tools that all consider age. [START_REF] Cooney | Cardiovascular risk estimation in older persons: SCORE O[END_REF] Actually, the relevancy of the correlation established between cholesterol concentration and cardiovascular risk for younger adults is questioned when regarding the elders. [START_REF] Krumholz | Lack of association between cholesterol and coronary heart disease mortality and morbidity and all-cause mortality in persons older than 70 years[END_REF] In patients aged 80 years and over, a review of observational studies and clinical trials found that cholesterol was not predictive of mortality. [START_REF] Petersen | Lipid-lowering treatment to the end? A review of observational studies and RCTs on cholesterol and mortality in 80+-year olds[END_REF] Conversely, this review showed a trend towards increased mortality with low total cholesterol (<5.5 mmol/l) in this population. Despite this, statins are widely used in the elderly for primary prevention. [START_REF] O'keeffe | Time trends in the prescription of statins for the primary prevention of cardiovascular disease in the United Kingdom: a cohort study using The Health Improvement Network primary care data[END_REF] In this context, we evaluated the real-life effectiveness of initiating statins among elderly patients, based on their cardiovascular risk.

Methods

Setting

This cohort study used data from the Echantillon Généraliste de Bénéficiaires (EGB) database. EGB is a 1/97 th representative sample of the population covered by the French national healthcare system (Système National des Données de Santé, SNDS), extensively used for pharmacoepidemiology research. [START_REF] Bezin | The national healthcare system claims databases in France, SNIIRAM and EGB: Powerful tools for pharmacoepidemiology[END_REF] It contains individual anonymous information on patients such as sex, year of birth, date of death (if applicable), all outpatient reimbursed healthcare expenditure, and information for a list of 30 specifically individualized chronic diseases for which the patient will receive full health expenses coverage. SNDS also includes the national hospital database covering both public and private hospitalizations, with information on dates of hospital stay, diagnoses (coded with International Classification of Diseases 10 th revision, ICD-10) and medical procedures. In accordance with regulations in place at the time of the study, the National Institute of Health and Medical Research (INSERM) was informed of the study that was to be performed using the EGB database.

There was no further requirement for ethical approval, or data protection agency approval for this study, which was done in fully anonymized data.

Study population

Patients were eligible for the study if they were aged 75 years and above during the study inclusion period (2009-2012) and affiliated to the general scheme of the French health insurance system (covering 78% of the population at the time). Every trimester between January 1 st 2009 and December 31 st 2012, new users of statin were dynamically included in the cohort. New users of statin were defined as a first identified statin dispensing without statin dispensing in the previous year.

To each statin new-user, one statin non-user was matched on age (+/-2 years), gender, numbers of different drugs dispensed and of medical consultations in the previous 6 months, dispensing in the previous 6 months of cardiovascular drugs (antihypertensive drugs (diuretics, beta-blockers, calcium channel blockers (CCB), drugs acting on renin-angiotensinaldosterone system or other antihypertensive drugs), antiplatelet agents, and anticoagulants), and history of cardiovascular diseases (acute coronary syndrome, ischemic stroke, transient ischemic attack, and diabetes; see eTable 1 in the Supplement for identification codes).

Matched patients for whom one presented an outcome of interest (acute coronary syndrome or all-cause death) during the first month after index date (date of statin initiation for statin newusers or corresponding matching date for statin non-users) were not included, early outcome being considered as depending essentially on the medical history of the patient and only marginally on the effectiveness of statin initiation.

Patients were then categorized into three groups according to their cardiovascular risk at the time of the index date. Secondary prevention patients were patients with history of previous coronary heart disease (hospitalization in the year before index date or information of coronary heart disease as a specific ongoing chronic disease with full health expenses coverage). Primary prevention patients with modifiable cardiovascular risk factors were patients without history of previous coronary heart disease but with at least one of the following: diabetes, dispensing of antihypertensive drugs, antiplatelet agents or anticoagulants. Primary prevention patients without modifiable cardiovascular risk factor included all patients not included in the first two groups. Due to the nature of the healthcare claims database, modifiable risk factors such as smoking, overweight, physical activity or cholesterol levels cannot be identified unless patients benefit from a specific medical / drug treatment.

Drug exposure

Exposure to statins was estimated using dispensing data. The number of days covered for treatment by each dispensing was defined as the number of tablets dispensed (assuming a treatment schedule of one tablet per day) plus a grace period equal to 10% of the number of tablets dispensed. Owing to the lack of data for drug exposure during hospitalization, all periods of hospital stay were considered as periods of exposure if the patient was in possession of drugs at the date of hospital admission. [START_REF] Suissa | Immeasurable time bias in observational studies of drug effects on mortality[END_REF] For each month of follow-up, the periods of treatment coverage thus identified were used to determine whether the patient had received statin treatment during the month. Given the delayed clinical cardiovascular benefits of statins, the exposure to statins was defined as a time-dependent cumulative variable considering the total number of months on the drug, and expressed in terms of cumulated months of use.

Outcomes

The outcome of interest was the occurrence of acute coronary syndrome or all-cause death.

Acute coronary syndrome was identified during follow-up as first hospitalization with ICD-10 diagnosis codes for unstable angina (I20.0), acute myocardial infarction (I21) or other acute ischemic heart diseases (I24). [START_REF] Bezin | Choice of ICD-10 codes for the identification of acute coronary syndrome in the French hospitalization database[END_REF] 

Statistical analyses

Patients were followed from their index date until their date of outcome (if appropriate), exit date (i.e. change in health insurance regimen, if appropriate), or until 31 December 2015, whichever happened first. Effect of cumulative use of statin was analyzed by multivariable time-dependent Cox models stratified on cardiovascular risk at inclusion (all covariates used in these models were listed in eTable 1 in the Supplement).

In the primary analysis, in addition to matching at inclusion on cardiovascular characteristics, models were adjusted for co-morbidities or co-medications considered as potential confounders and included as time-dependent variables (see eTable 1 in the Supplement). Moreover, owing to the potential impact of the presence of unmeasured confounders (database does not include information on lifestyle, lab values, and other potential confounders such as body mass index) models were also adjusted on deciles of a high-dimensional propensity score (hdPS) of statin initiation (see eMethod 1 in the Supplement). [START_REF] Rassen | Covariate selection in highdimensional propensity score analyses of treatment effects in small samples[END_REF][START_REF] Schneeweiss | Highdimensional propensity score adjustment in studies of treatment effects using health care claims data[END_REF][START_REF] Toh | Confounding adjustment via a semiautomated high-dimensional propensity score algorithm: an application to electronic medical records[END_REF] Multiple sensitivity analyses were performed to understand how confounding by healthy user or healthy adherer effects was handled by adjustment. [START_REF] Shrank | Healthy user and related biases in observational studies of preventive interventions: a primer for physicians[END_REF] First, given the persistence and adherence issues with statins, we considered a sensitivity definition of cumulative exposure to statin considering both the cumulative use and the cumulative non-use of the drugs. [START_REF] Bezin | Comparative effectiveness of recommended versus less intensive drug combinations in secondary prevention of acute coronary syndrome[END_REF] Under this sensitivity definition, the cumulative exposure to statin corresponded, at each month of follow-up, to the sum of cumulated months in possession of the drugs minus the number of cumulated months without the drugs since the beginning of follow-up (see eFigure 1 in the Supplement). Second, exposure to influenza vaccine, which is, in France, recommended and free of charge for all subjects aged 65 years or more, was used as a proxy of "healthy user" in the model adjustment. Third, new-users of CCB were considered as the reference group for the constitution of the study population instead of statin non-users in order to avoid healthy user bias. As described previously, this antihypertensive drug class could be considered as a negative drug control in this context given the absence of documented post-myocardial infarction survival advantages. [START_REF] Bertolet | Calcium antagonists in the post-myocardial infarction setting[END_REF][START_REF] Rasmussen | Relationship between adherence to evidencebased pharmacotherapy and long-term mortality after acute myocardial infarction[END_REF] Thereby, it could reflect adherence behavior of patients without influencing occurrence of outcome of interest. Finally, a sensitivity analysis was performed using only all-cause death as outcome.

All statistical analyses were performed using SAS® software (version 9.4, SAS Institute, NC, USA) and hdPS were estimated using the SAS Pharmacoepi Toolbox (version 2.4.15). [START_REF] Rassen | Pharmacoepidemiology Toolbox[END_REF] Associations were estimated using hazard ratios (HR) and their 95% confidence intervals (95%CI).

Results

Patient characteristics

Of the 5 436 elderly patients who initiated statins between 2009 and 2012, 3 642 (67.0%) were matched 1:1 with statin non-users, for a total of 7 284 patients included in this cohort (Figure 1). Over a median follow-up duration of 4.7 years, 2 265 patients (31.1%) had an acute coronary syndrome or died.

Median age at inclusion was 80 years (IQR: 77-84); 2 678 patients (36.8%) were male; history of acute coronary syndrome was found in 346 patients (4.8%), diabetes in 1 772 patients (24.3%), and dispensing of antihypertensive drugs in 5 934 (81.5%). Most patients were categorized in the group primary prevention with modifiable cardiovascular risk factors (84.9%; Table 1). Compared to the 5 436 statin new-users before matching, the 3 642 statin new-users included in the cohort were less likely to be men (36.8% vs. 40.2%), and had less frequent history of acute coronary syndrome (4.8% vs. 9.8%) or ischemic stroke (3.0% vs. 6.2%) before index date (see eTable 2 in the Supplement).

Patients in primary prevention without modifiable cardiovascular risk factor were younger compared to those in primary prevention with modifiable cardiovascular risk factors and those in secondary prevention (median age: 78 years vs. 80 years and 83 years). They also had fewer co-morbidities: cardiac arrhythmia (4.1% vs. 19.5% and 47.7%), chronic obstructive pulmonary disease (0.8% vs. 3.0% and 11.0%), dementia (5.3% vs. 7.3% and 10.4%), or heart failure (0.3% vs. 8.2% and 37.3%). All patient baseline characteristics are detailed in Table 2 according to cardiovascular risk group. Among statin new-users, initiated statin treatments showed with lower intensity (drug or dosage) in patients in primary prevention without modifiable cardiovascular risk factor compared to patients in primary prevention with modifiable cardiovascular risk factors or patients in secondary prevention (see eTable 3 in the Supplement).

Statin exposure

Among statin new-users, exposure to statin represented 50.6% of follow-up time in the primary prevention without modifiable cardiovascular risk factor group, 62.8% in the primary prevention with modifiable cardiovascular risk factors group and, 72.5% in the secondary prevention group. A total of 15.4% of statin non-users at index date started statin therapy later during follow-up.

Effectiveness of statins

In the primary analysis, regardless of adjustment and the method used for adjustment, cumulative exposure to statin was not associated with a lower risk of acute coronary syndrome occurrence or all-cause death in primary prevention patients without modifiable cardiovascular risk factor (HR adjusted on time-dependent confounders and hdPS for statin initiation, highly adjusted: 1.01 per year of use, 95% CI 0.86-1.18, p=0.92; Table 3).

Conversely, cumulative exposure to statin was associated with a lower risk of events in primary prevention patients with modifiable cardiovascular risk factors (highly adjusted HR: 0.93 per year of use, 95% CI 0.89-0.96, p<0.01) and in secondary prevention patients (highly adjusted HR: 0.75 per year of use, 95% CI 0.63-0.90, p<0.01). These results were comparable in the classically adjusted model (Table 3).

Sensitivity analyses

Sensitivity analyses considering both cumulative use and cumulative non-use of statin, and those considering adjustment for influenza vaccine (a proxy for "healthy user") showed results similar to primary analyses (see eTables 4 and 5 in the Supplement). Sensitivity analyses comparing new-users of statins to new-users of CCB did not impact results of statin effectiveness for patients in primary prevention with or without modifiable cardiovascular risk factors (see eTable 6 in the Supplement). However, as only 8 new-users of CCB in secondary prevention were included in the study population, HR could not be estimated in this group (see eTable 7 in the Supplement). Lastly, regardless of the CV risk, results of the sensitivity analyses using only all-cause death as outcome were similar to those using the combined outcome (see eTable 8 in the Supplement). Results of the sensitivity analyses are summarized in Figure 2.

Discussion

In patients aged 75 years and above, the effectiveness of statins was related to baseline cardiovascular risk. Regardless of treatment duration, initiating statins was not associated with lower risk of acute coronary syndrome or all-cause death in elderly patients without modifiable cardiovascular risk factor treated in primary prevention. Conversely, statin treatment was associated with a reduction in these events for patients in primary prevention with modifiable cardiovascular risk factors or in secondary prevention. The results were consistent across definitions of cumulative statin use including or not time without treatment to account for lack of adherence. They were also consistent regardless of adjustment method.

Clinical trials evaluating statins efficacy that focus on the elderly are rare and to our knowledge the PROSPER and SAGE studies are the only ones specifically designed for this purpose. [START_REF] Lloyd | Long-term effects of statin treatment in elderly people: extended follow-up of the PROspective Study of Pravastatin in the Elderly at Risk (PROSPER)[END_REF][START_REF] Shepherd | Pravastatin in elderly individuals at risk of vascular disease (PROSPER): a randomised controlled trial[END_REF][START_REF] Deedwania | Effects of intensive versus moderate lipid-lowering therapy on myocardial ischemia in older patients with coronary heart disease: results of the Study Assessing Goals in the Elderly (SAGE)[END_REF] SAGE considered only secondary prevention, and found reduced all-cause mortality in the elderly receiving intensive treatment with atorvastatin compared to moderate treatment with pravastatin. [START_REF] Deedwania | Effects of intensive versus moderate lipid-lowering therapy on myocardial ischemia in older patients with coronary heart disease: results of the Study Assessing Goals in the Elderly (SAGE)[END_REF] In PROSPER, after stratification on previous vascular disease at inclusion, benefit of pravastatin was found only in elderly patients with previous cardiovascular disease, who would correspond to the patients we defined as in secondary prevention. [START_REF] Shepherd | Pravastatin in elderly individuals at risk of vascular disease (PROSPER): a randomised controlled trial[END_REF] Finally in patients aged 65 years or more treated with statins in primary prevention, a meta-analysis found a reduction of the risk of myocardial infarction but no reduction of all-cause death. [START_REF] Savarese | Benefits of statins in elderly subjects without established cardiovascular disease: a meta-analysis[END_REF] In the recently published re-analysis of the ALLHAT-LLT trial focusing on pravastatin in primary prevention, [START_REF] Han | Effect of Statin Treatment vs Usual Care on Primary Cardiovascular Prevention Among Older Adults: The ALLHAT-LLT Randomized Clinical Trial[END_REF] that included patients aged 65 years or more, there was actually reduction neither of cardiovascular events nor of all-cause death.

Therefore, all of these RCTs results are in line with our nationwide observational analysis suggesting an effect of statins in patients at identified cardiovascular risk but not for patients without modifiable cardiovascular risk. This reinforces the need to consider cardiovascular risk estimation for the decision to treat patients with statin, and would plead to not pay excessive attention to isolated hypercholesterolemia, especially in the older population in which correlation between cholesterol level and cardiovascular mortality is poor. [START_REF] Krumholz | Lack of association between cholesterol and coronary heart disease mortality and morbidity and all-cause mortality in persons older than 70 years[END_REF][START_REF] Petersen | Lipid-lowering treatment to the end? A review of observational studies and RCTs on cholesterol and mortality in 80+-year olds[END_REF] This study has several strengths, mostly related to the database used. The French Health Insurance system database is a nationwide database including comprehensive information for all out-of-hospital reimbursed health expenses and linked to the national database for hospitalization, it-self including comprehensive information on hospital stays.

The source population considered for the analysis (i.e. affiliates to the National Health system General Scheme, for which follow-up is complete over the study period) is representative of more than three-quarters of the French population. [START_REF] Bezin | The national healthcare system claims databases in France, SNIIRAM and EGB: Powerful tools for pharmacoepidemiology[END_REF] For these affiliates, the database includes all reimbursed outpatient drugs and hospitalization events. Aside from patients not taking the dispensed drug, which is a limitation common to studies performed from claims database, the main potential misclassification for exposure is related to in-hospital intake (not informed in the database), the reason for which patients were considered as exposed during hospital stays to the drugs they were in possession of at the date of hospital admission. [START_REF] Suissa | Immeasurable time bias in observational studies of drug effects on mortality[END_REF] The main risk for misclassification of events, aside of coding errors in diagnosis, would relate to fatal and ignored acute coronary syndrome. However these events would be considered in the composite outcome which includes all-cause death, and all deaths are recorded in the database. Misclassifications relating to coding errors should also be minimal as we used a validated method to identify acute coronary syndrome (predictive positive value of 84.2%; 95%CI, [72.1; 92.5]). [START_REF] Bezin | Choice of ICD-10 codes for the identification of acute coronary syndrome in the French hospitalization database[END_REF] The present study nevertheless has certain limitations. The database does not include certain risk factors or potential confounders such as smoking, overweight, physical activity or cholesterol levels, which could result in an indication bias or healthy user bias. However, it does include proxies such as chronic obstructive pulmonary disease or diabetes for smoking and body mass index, respectively, which are strongly associated with the occurrence of cardiovascular events in patients with history of myocardial infarction. [START_REF] Blin | Outcomes in patients after myocardial infarction similar to those of the PEGASUS-TIMI 54 trial: A cohort study in the French national claims database[END_REF] It also includes lowdose aspirin which is prescribed, reimbursed and recorded, and is also a strong predictor of coronary heart disease. However, despite this is considered to constitute one of the best markers of cardiovascular risk, it is possible that some aspirin low-dose elderly users were actually healthy patients taking aspirin prophylactically. Even this cannot be quantified, the amount of such is likely to be limited. The potential effect of unmeasured confounding should have been minimized in our study by adjustment on hdPS at inclusion associated to timedependent adjustment for multiple co-morbidities and co-medications. [START_REF] Rassen | Covariate selection in highdimensional propensity score analyses of treatment effects in small samples[END_REF][START_REF] Schneeweiss | Highdimensional propensity score adjustment in studies of treatment effects using health care claims data[END_REF][START_REF] Toh | Confounding adjustment via a semiautomated high-dimensional propensity score algorithm: an application to electronic medical records[END_REF] In addition, sensitivity analyses using CCB or influenza vaccine also confirmed the weak impact of healthy user bias on the results. Selection bias could have occurred; if so, it should have concerned essentially patients in the secondary prevention group, who appeared less represented and for whom the sex-ratio was slightly different in the population after matching. This might be explained by the fact that most patients with acute coronary syndrome receive secondary coronary prevention including statins in France, which makes it difficult to find unexposed controls to match with statin users among patients with acute coronary syndrome.

The fact that women tend to be less intensively treated than men after an acute coronary syndrome could account for the sex-ratio shift. [START_REF] Virani | Gender disparities in evidence-based statin therapy in patients with cardiovascular disease[END_REF][START_REF] Salvo | Pharmacological treatments of cardiovascular diseases: Evidence from real-life studies[END_REF] Despite this potential bias, the effect size herein reported was consistent with that estimated in meta-analyses of clinical trials in secondary prevention. [START_REF] Baigent | Efficacy and safety of cholesterol-lowering treatment: prospective meta-analysis of data from 90,056 participants in 14 randomised trials of statins[END_REF][START_REF] Cannon | Meta-analysis of cardiovascular outcomes trials comparing intensive versus moderate statin therapy[END_REF][START_REF] Treatment Trialists | Efficacy and safety of LDL-lowering therapy among men and women: meta-analysis of individual data from 174,000 participants in 27 randomised trials[END_REF] The sensitivity definition we used for cumulative use of statin weighted equally a month of use and a month without treatment. By accounting for patients' lack of adherence or default in treatment persistence, this definition thus relies on a strong assumption that statin non-use had delayed clinical effects as well as that statin use had delayed benefits, the reason for which it was only retained for sensitivity purpose. Finally, as elderly patients in primary prevention without modifiable risk factors almost exclusively received low intensity treatment, we cannot presume that the lack of demonstration of the effectiveness of statin in this population would also worth for high intensity treatment.

However, no clinical trial has demonstrated the efficacy of such intensive statin treatment for cardiovascular primary prevention in elderly patients yet.

Taken together, these results reinforce the idea of a rational use of statins in the older population. In elderly without significant cardiovascular risks, the benefits of statin treatment is low and might not outweigh side effects associated to the treatment. Moreover, its related cost is important for society. [START_REF] Curfman | Risks of Statin Therapy in Older Adults[END_REF] In our sample, 10% of statin initiators after the age of 75 were in primary prevention without modifiable cardiovascular risk factor, which would correspond to around 13 000 patients yearly in France for which treatment benefit is questionable. Aside from considering not starting the drug, further research would however be needed to confirm that stopping statins is risk-free in these patients. [START_REF] Bonnet | Safety and efficacy of statins[END_REF] Today, this was only pointed out in the context of life-limiting illness. [START_REF] Kutner | Safety and benefit of discontinuing statin therapy in the setting of advanced, life-limiting illness: a randomized clinical trial[END_REF] 
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 1 Figure 1. Study flow chart.
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 2 Figure 2. Sensitivity analyses adjusted hazard ratio point estimates and their 95% confidence

Table 1 .

 1 Description of matching variables at inclusion according to statin use

	Statin new-	Statin non-
	users	users
	N = 3 642	N = 3 642

Table 2 .

 2 Patient characteristics at inclusion according to cardiovascular risk

	Primary	Primary	
	prevention	prevention	
	without	with	
	modifiable	modifiable	Secondary
	risk factor	risk factors	prevention
	n = 752	n = 6 186	n = 346

Table 3 .

 3 Effectiveness of statins on occurrence of acute coronary syndrome or all-cause death according to cardiovascular risk at inclusion (timedependent Cox model)Adjustment on time-dependent confounders (see eTable 1 in the Supplement) †Adjustment on time-dependent confounders (see eTable 1 in the Supplement) and high dimensional propensity score for statin initiation

		Highly adjusted †	HR (95% CI)	p value
	Classically	adjusted*	HR (95% CI)	p value
		Unadjusted	HR (95% CI)	p value

*

Abbreviations: CI: confidence interval; N events : Number of events during follow-up for each cardiovascular risk group; HR: hazard ratio; PY: person-year