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ABSTRACT

Introduction.

Evidence-based prescribing relies on current best evidence, with randomized controlled trials considered the gold standard for establishing the benefits and risks of medicines. Yet, whether the most prescribed drugs have provided robust evidence of their efficacy has been poorly explored. This study aims to address this gap in describing the level of evidence of the ten most prescribed drugs in England, France and the United States.

Methods. Using a panel of general practitioners, we defined up to 3 indications for each of the top 10 prescribed medications in England, France, and the United States. Two investigators then independently searched for a meta-analysis or a randomized controlled trial assessing the effectiveness of the drugs in each of their selected indications. The search followed a predefined algorithm, and the level of evidence of the articles was assessed using the ROBIS or ROB 2.0 grids.

Results.

We identified 21 drugs, 56 indications and 114 outcomes. Fifty-two percent of the evaluated medications have demonstrated efficacy on at least one outcome in at least one of the sought indications. There was a strong agreement between the two investigators who conducted the search (kappa = 0.75).

Conclusion.

This study emphasizes the importance of ongoing research even for the most widely used medications, and the need to improve the dissemination of knowledge.

Continuous efforts are essential to accumulate evidence and enhance the availability of reliable information for effective clinical decision-making.

Study Registration. The protocol study was registered in OSF (https://osf.io/bwgdv).

INTRODUCTION

The use of medications must be based on evidence of their effectiveness, as this usage carries the risk of adverse events that can lead to hospitalization (1,2) and even death [START_REF] Bégaud | RAPPORT SUR LA SURVEILLANCE ET LA PROMOTION DU BON USAGE DU[END_REF][START_REF] Lazarou | Incidence of adverse drug reactions in hospitalized patients: a meta-analysis of prospective studies[END_REF]. Between 2.4% and 6.7% of hospitalizations may be related to adverse events [START_REF] Bénard-Laribière | EMIR Study Group on behalf of the French network of pharmacovigilance centres. Incidence of hospital admissions due to adverse drug reactions in France: the EMIR study[END_REF][START_REF] Lazarou | Incidence of adverse drug reactions in hospitalized patients: a meta-analysis of prospective studies[END_REF][START_REF] Pouyanne | Admissions to hospital caused by adverse drug reactions: cross sectional incidence study[END_REF][START_REF] Roughead | Drug-related hospital admissions: a review of Australian studies published 1988-1996[END_REF]. Polypharmacy, often associated with older age, exposes to a higher risk of adverse drug events [START_REF] Scott | Reducing inappropriate polypharmacy: the process of deprescribing[END_REF]. Therefore, this is part of medical ethics to limit the prescription of drugs to those that are necessary and have demonstrated their efficacy, avoiding unnecessary risks without commensurate benefits.

Apart from the risk of medication use, medications also represent a significant cost to society.

Global health spending has more than doubled over the past two decades, reaching US$ 8.5 trillion in 2019, accounting for 9.8% of global gross domestic product (GDP) [START_REF]Global expenditure on health: Public spending on the rise[END_REF]. In OECD countries, approximately 8.8% of GDP is spent on health care, with pharmaceutical expenditure being the third-largest component after inpatient and outpatient care [START_REF]Health at a Glance[END_REF].

Prescribing drugs without evidence of efficacy not only incurs a human cost but also has economic implications for society. On a broader scale, unwarranted drug consumption also has an environmental impact, contributing to CO2 emissions [START_REF]Health care's response to climate change: a carbon footprint assessment of the NHS in England[END_REF].

In addition, patients place their trust in doctors and the medicines they prescribe; these medicines must therefore be proven to be effective. Beyond personal experience, evidencebased medicine (EBM) is an approach to medical practice based on the hypothetico-deductive approach. EBM emphasizes the use of the strongest available evidence to guide clinical decision-making. Currently, properly conducted randomized controlled trials (RCTs), and systematic review with meta-analysis of RCTs (MA) stand as the gold standard for establishing the benefits and risks of medicines [START_REF] Cuschieri | The CONSORT statement[END_REF][START_REF] Spieth | Randomized controlled trials -a matter of design[END_REF][START_REF] Penedones | Recommendations to conduct and report systematic reviews in medical literature: a scoping review[END_REF][START_REF] Gupta | Systematic Review of the Literature: Best Practices[END_REF].

Prior assessments conducted by Leucht et al [START_REF] Whiting | ROBIS: A new tool to assess risk of bias in systematic reviews was developed[END_REF] have highlighted modest effect sizes for many commonly prescribed drugs. Furthermore, data concerning the level of evidence for the most frequently prescribed drugs remain scarce, despite the profound impact of drug use on society. This study therefore aims to fill this gap by describing the level of evidence for the ten most commonly prescribed drugs in England (EN), France (FR) and the United States (US).

METHODS

To assess the level of evidence for the most prescribed medications, we first identified the most prescribed drugs, then determined up to three indications for each, along with the corresponding outcomes, and finally conducted a search for a meta-analysis or a randomized controlled trial with low bias risk (Figure 1).

Figure 1. Study process flow chart

This study was conducted after protocol registration (accessible at https://osf.io/bwgdv).

The reporting was done following the PRISMA guideline [START_REF] Sterne | RoB 2: a revised tool for assessing risk of bias in randomised trials[END_REF].

Prescription Data

Prescription data were extracted from public national databases over the three most recent 

Definition of the population, comparators and patient relevant outcomes

For each drug, the level of evidence was assessed using the PICO framework.

First, since we only had access to aggregate data without the indication, we conducted a prospective survey to identify the most likely population for each drug. A panel of eleven French general practitioners (GPs) answered the survey and provided, according to their practice, the main indications in outpatients (up to three per drug). The three most frequently reported indications were selected.

In order to simplify data search and interpretation, only placebo comparators were considered.

Patient-relevant outcomes were identified for each indication, distinguishing drugs for acute and chronic conditions. Up to three categories of outcomes were considered for chronic diseases: all-cause mortality, severe events, and quality of life. In the search for the level of evidence of drugs used in chronic conditions, a multi-step strategy was adopted: searching for evidence of effectiveness on mortality first; if no evidence was found on mortality, we looked for evidence of effectiveness on severe events; if no evidence was found on severe events, then we looked for evidence of effectiveness on quality-of-life outcomes.

For drugs used to treat acute conditions, only one outcome was defined, i.e. symptom improvement or condition resolution. Outcomes were suggested by one of the investigators (JF) and then validated through consensus with the other investigators prior to initiating the search.

Search strategy

A systematic search was conducted for the highest level of evidence for each PICO using a prespecified algorithm (Figure 2). The hierarchical strategy search involved:

(1) Searching the Cochrane Library for MA for each indication.

(2) If no relevant studies were found in the Cochrane Library, searching PubMed database for MA.

(3) If no relevant MA were found in the Cochrane Library and PubMed, searching PubMed for RCTs.

To be included, studies had to assess drug's efficacy based on the pre-defined outcomes versus placebo. The search process stopped once a study with a low risk of bias (RoB) was found (Figure 1). If no study with a low RoB was identified after step (3), we searched references from national health authorities or specialty societies guidelines.

All MA and RCTs in English or French were screened based on titles and abstracts by two investigators, using the Cochrane Library and PubMed. Data search ran from November 2022 to May 2023, with no restriction on publication date.

Figure 2. Search Strategy. The search strategy for each indication begins with a search for meta-analysis of randomized controlled trials (MA) in the Cochrane library. If no MA was found with low risk of bias (RoB), a search for MA was conducted on PubMed. If no studies with low RoB was found, a randomized controlled trial (RCT) was searched on PubMed. If none were found with low RoB, national health authorities or specialty societies' guidelines

were used to search for RCTs. The search concludes upon finding a study with low RoB.

Risk of bias assessment

The full texts of eligible studies were retrieved, and two investigators (JF and LB) assessed the RoB using the ROBIS tool [START_REF] Whiting | ROBIS: A new tool to assess risk of bias in systematic reviews was developed[END_REF] for MAs and the ROB 2.0 tool [START_REF] Sterne | RoB 2: a revised tool for assessing risk of bias in randomised trials[END_REF] for RCTs. ROBIS covers three phases: (1) assessing relevance, (2) identifying concerns with the review process, and (3)

judging RoB. The four domains in phase 2 are "study eligibility criteria", "identification and selection of studies", "data collection and study appraisal", and "synthesis and findings".

Results of each domain and phase 3 are rated as "high risk," "low risk," or "unclear risk." ROB Each selected study was categorized based on the level of RoB:

(1) Low concerns: If at least one MA or RCT with low RoB was found.

(2) Some concerns: If no better study was found than a MA with unclear RoB or a RCT with some concerns.

(3) High concerns: If no better study was found than a MA or a RCT with high RoB.

Discrepancies between the two investigators were resolved through discussion with a third investigator (MR).

Reporting evidence of efficacy

Evidence of efficacy (or absence of efficacy) for each selected indication was determined as follows:

(1) Evidence: Efficacy was demonstrated by a MA, or RCT, with low RoB, for at least one outcome;

(2) No Evidence: Absence of efficacy demonstrated by a MA, or RCT, with low RoB, for all outcomes;

(3) Uncertainty: Only MA, or RCT, with some concerns or high concerns were available

Changes made to the protocol during data search

Originally, we planned to consider all comparators. However, this implied that comparators themselves had previously demonstrated their efficacy. Given the multiplicity of comparators, this represented an unfeasible workload.

RESULTS

Drugs

The ten most prescribed drugs in the UK, FR and the US comprise a total of 21 different drugs in 15 therapeutic classes (Table 1). All drugs are available in the three countries, except phloroglucinol, which is only prescribed in FR. Only metformin and levothyroxine are part of the top 10 in all three countries. There is significant heterogeneity in prescription patterns between countries, as the 21 medications are prescribed between the 1555th (alprazolam)

and the 11th place (acetylsalicylic acid). Based on this list, we identified 56 indications (31 were chronic and 25 were acute conditions) compatible with the prescription of these drugs in outpatients. Details of indications for each treatment, along with the outcome criterion and associated level of evidence, are provided in Table S1. A total of 114 outcomes related to these indications were identified, among which 105 were searched (i.e. in nine cases, evidence was found on a more relevant outcome following our multi-step strategy, see 'definition of the population, comparators and patient relevant outcomes').

Therapeutic class

There was a strong agreement between the two investigators (kappa=0.75, 95% CI: 0.63 -0.87).

Level of evidence

Out of the 21 drugs, 11 have demonstrated efficacy in at least one indication, three have not shown efficacy, three lack studies with low risk of bias, and four have no RCT or MA evaluating efficacy versus placebo (Table S2 and Figure 2). Gabapentin is the only medication to have demonstrated its effectiveness in all the indications investigated. 

Putting into perspective the 10 most prescribed medications in France

According to French data, the total budget for all reimbursed medications amounts to 19,712 million euros. The top 10 most prescribed medications in France account for a budget of 932 million euros (5% of the total budget) while representing 31% of the volume of prescribed medications. Age and gender are similar between the populations consuming all prescribed medications and the top 10 most prescribed medications. It appears that the most prescribed medications are more often prescribed by general practitioners (Table 6).

Among 

DISCUSSION

This study is the first to assess the level of evidence for 21 medications representing the ten most prescribed medications in England, France, and the United States. Our findings show that about half of these medications have demonstrated efficacy against placebo with low RoB, on at least one outcome of at least one common indication.

However, it is important to note that our results cannot be interpreted as a comprehensive systematic review due to our research strategy's limitations, particularly the comparison only against placebo. This significantly restricted the eligible studies, partially explaining the high proportion of missing data (19%). Nonetheless, the absence of data does not necessarily imply a lack of efficacy. For example, no studies were found for amoxicillin, but it is considered effective in many indications and is a standard of care. This explains why the latest studies, in the case of pneumonia, aim rather to determine the duration of treatment rather than to evaluate the effectiveness of amoxicillin [START_REF] El Moussaoui | Effectiveness of discontinuing antibiotic treatment after three days versus eight days in mild to moderate-severe community acquired pneumonia: randomised, double blind study[END_REF].

In the case of metformin, interpretation becomes more challenging due to conflicting evidence. Indeed, the efficacy of metformin was initially demonstrated in 1998 by the UKPDS study [START_REF]Effect of intensive blood-glucose control with metformin on complications in overweight patients with type 2 diabetes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group[END_REF], which showed an positive effect on mortality compared to dietary measures alone.

However, these results are contradictory to the MA of Boussageon et al. [START_REF] Boussageon | Reappraisal of metformin efficacy in the treatment of type 2 diabetes: a meta-analysis of randomised controlled trials[END_REF], which did not find any effect on mortality compared to conventional treatment or placebo.

The presence of medications labeled as 'no evidence' represents various scenarios. In the case of levothyroxine, no data was found for hypothyroidism, as its substitution is vital and comparing it to placebo is not feasible and its efficacy cannot be called into question. As for subclinical hypothyroidism, only one study on quality of life was found, and it did not reveal any significant differences. This lack of clinical data has led the HAS to recommend the treatment on a case-by-case basis (22).

Phloroglucinol's lack of demonstrated efficacy against placebo raises doubts about its widespread use. Especially considering that it is only prescribed in France and not in the UK or the US.

Our study offers a macro perspective, providing an overview of the level of evidence against placebo for the most commonly used medications. This perspective led us to standardize the bibliographic searches, and some articles may not have been identified. However, the strong agreement among the investigators limits this possibility. To conduct the research effectively, the strategy and outcome definitions were predefined. The chosen criteria were solely focused on patient-important outcomes. Due to organizational constraints, the indications were defined by a panel of exclusively French general practitioners.

During the research, we acknowledged the challenge of finding relevant studies despite the widespread use of the investigated medications. The project Rebuild the Evidence Base (REB) (23) aims to assess the level of evidence of drugs based on clinical trials using only patientimportant outcomes, which could enhance the dissemination of evidence on medications to general practitioners.

Evaluating the level of evidence of commonly used drugs through expensive, prospective randomized clinical trials seem unfeasible. Yet, other methodological approaches may help in addressing this limitation. For example, the development of emulated trials [START_REF] Wang | Emulation of Randomized Clinical Trials With Nonrandomized Database Analyses: Results of 32 Clinical Trials[END_REF], which consist in employing statistical methods to estimate treatment effects from a non-randomized database, such as Medicare, as if an actual RCT had taken place. Although they do not provide the same level of evidence as prospective RCTs, they may provide preliminary data, streamline resources, and focus research efforts on medications with less demonstrated efficacy, improving healthcare interventions' overall efficiency.

In conclusion, this study is the first to describe the level of evidence against placebo for the most commonly used drugs in clinical practice. It revealed that only 52% of the investigated medications have demonstrated efficacy with a low RoB. In many indications, no data against placebo was found, indicating either significant challenges in accessing evidence of efficacy or, at worst, an absence of demonstrated efficacy. Our work emphasizes the importance of continuing research even for the most widely used medications, and the need to improve the dissemination of knowledge. This a necessity for ongoing efforts to gather evidence, and enhance the availability of reliable information to inform clinical decision-making effectively.
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  available years (2019-2021 for EN and FR, 2017-2019 for US), and averaged to obtain mean consumption in each country. EN data came from the Prescription Cost Analysis, an open data from the NHS. This dataset contains information on all prescription items dispensed in England and submitted to the NHS Business Services Authority for reimbursement. FR data were extracted from Open Medic, an open dataset from the National Health Data System (Système National des Données de Santé), which consists of a set of annual databases on the use of prescribed drugs dispensed in community pharmacies. Open Medic provides annual drug expenditures (reimbursed amounts) as well as the number of units dispensed, and deidentified descriptive variables of the beneficiaries (age group, gender) and information on the prescriber's specialty. US data were extracted from the Medical Expenditure Panel Survey Household Component, an open data from the Agency for Healthcare Research and Quality. This annual database provides detailed information on household-reported prescription drugs using a nationally representative sample of the civilian noninstitutionalized population of the US. Drugs were defined using the 5 th level of the Anatomical Therapeutic Chemical Classification System (ATC 5), based to the chemical substance.

2. 0

 0 assesses the RoB in RCTs, consisting of five domains and an overall judgment. The five domains are: (1) bias arising from the randomization process; (2) bias due to deviations from the intended interventions; (3) bias due to missing outcome data; (4) bias in measurement of the outcome; and (5) bias in selection of the reported result. Judgment options within each domain are "low RoB", "some concerns" or "high RoB". The response options for an overall RoB judgment are the same as for individual domains.

Figure 2 :

 2 Figure 2: Heat map of level of evidence by drug (group by therapeutic class).Green stand for evidence, red for no evidence, orange for uncertainty and grey for no study found. Example of interpretation, for esomeprazole, the level of evidence by indication is categorized as 'evidence' for one indication, 'uncertainty' for another, and no studies were found for the third indication.

Figure 3 :

 3 Figure 3: Heat map of level of evidence by indication (group by therapeutic class).Green stand for evidence, red for no evidence, orange for uncertainty and grey for no study found. Example of interpretation, for amlodipine in high blood pressure, no studies were found for the first outcome and the third outcome, and the level of evidence for the second outcome was classified as 'uncertainty'. CHF: Congestive Heart Failure, COPD: Chronic Obstructive Pulmonary Disease, ENT: Ear Nose Throat, GD: Gastro-Duodenal, GRD: Gastroesophageal Reflux Disease, HBP: High Blood Pressure, PAD: Peripheral Arterial Disease, UT: Urinary Tract.
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Table 1 :

 1 Table of the top 10 prescribed medications, with rank by country. Gray cells correspond to medications that are not among the top 10 in the respective country. * Drugs used to treat acute conditions. ** Drugs used to treat chronic conditions.

		Drug	England	France	USA
	Analgesics	Paracetamol* Gabapentin*	14 33	1 223	115 3
	Angiotensin II receptor blockers	Losartan**	22	268	8
	Angiotensin-converting enzyme	Ramipril**	6	36	149
	inhibitors	Lisinopril**	27	420	4
	Antibacterial	Amoxicillin*	31	4	19
	Antispasmodics	Phloroglucinol*	/	8	/
	Anxiolytics	Alprazolam*	1555	10	33
	Beta blocking agents	Bisoprolol** Metoprolol**	7 331	9 271	612 5
	Beta-2 adrenoreceptor agonists	Salbutamol*	10	31	14
	Biguanides	Metformin**	9	6	1
	Calcium channel blockers	Amlodipine**	4	45	6
	Lipid modifying agents	Atorvastatin** Simvastatin**	1 13	16 74	2 10
	Platelet aggregation inhibitors	Low-dose acetylsalicylic acid**	11	3	40
		Omeprazole*	2	13	9
	Proton pump inhibitors	Lansoprazole*	5	51	249
		Esomeprazole*	99	5	527
	Thyroid hormones	Levothyroxine**	3	7	7
	Vitamins	Cholecalciferol**	8	2	122

  the top 10 most prescribed medications, paracetamol is the most prescribed (421 million boxes) and represents the largest share of the reimbursement budget (39%, which is 363 million euros). Acetylsalicylic acid is the least consumed by women. Amoxicillin is the most consumed among those under 19 years old. Phloroglucinol is the most prescribed by hospital physicians.

	Drug	Number of boxes	Reimburse	Female	Age consumers (years)	Prescribers
		(million)	(million€)						
					0-19	20-59	≥60	GP	HP	Others
	All	2,276	19,712	58%	7%	37%	56%	72% 15% 12%
	Top 10	701 (31%)*	931 (5%)*	60%	8%	34%	58%	80% 12% 8%
	Acetylsalicylic	38 (6%)**	71 (8%)**	42%	0%	16%	84%	86% 9%	5%
	acid								
	Alprazolam	19 (2%)**	21 (2%)**	66%	10%	53%	46%	76% 14% 10%
	Amoxicillin	38 (5%)**	54 (6%)**	55%	27%	46%	27%	65% 11% 22%
	Bisoprolol	21 (3%)**	95 (10%)**	47%	0%	16%	83%	81% 11% 7%
	Cholecalciferol 56 (8%)**	49 (5%)**	69%	16%	27%	57%	74% 13% 13%
	Esomeprazole	29 (4%)**	115 (12%)** 56%	2%	36%	62%	81% 11% 7%
	Levothyroxine	25 (4%)**	48 (5%)**	83%	1%	33%	66%	84% 8%	7%
	sodium								
	Metformin	27 (4%)**	96 (10%)**	45%	0%	25%	75%	86% 9%	4%
	Paracetamol	421 (60%)**	363 (39%)** 61%	8%	35%	57%	81% 13% 6%
	Phloroglucinol 24 (4%)**	13 (1%)**	71%	13%	51%	37%	71% 20% 8%

Table 6 :

 6 Descriptive data of French medications.

*Percentage relative to all medications. **Percentage relative to the top 10 most prescribed medications. GP: General Practitioner, HP: Hospital Physician.

Data analysis

The conducted analyses were exclusively descriptive. Categorical variables were described using both counts and frequencies. The Cohen's kappa coefficient was calculated to assess the agreement between the two investigators who conducted the searches regarding the level of evidence. The analyses were conducted using R software (v 4.3.1) and the circlize package (v 0.4.15) [START_REF] Core | R: A language and environment for statistical computing[END_REF][START_REF] Gu | circlize Implements and enhances circular visualization in R[END_REF].

CONCLUSION APPENDIX

Table S1: Indications with outcome and level of evidence.

Table S2: Description of the level of evidence by drug and for acute and chronic treatments.

Table S3: Description of the level of evidence by indication and for acute and chronic treatments. Table S3: Description of the level of evidence by indication and for acute and chronic treatments