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Care, teaching, and research are all priorities of the French public teaching hospitals. In 2004, the remuneration method evolved from a global endowment to a fee-for-services system, based on the use of bibliometric tools. These were used in the present study to describe the research patterns of public teaching hospitals in regards to care and teaching activities. The present study was based on data from the 32 French public teaching hospitals, between 2004 and 2014. Records concerning the publications number, hospital stays, full-time equivalent (FTE) practitioners, and residents per FTE physician were accessed. Statistical analyses were performed using means, Pearson correlation coefficients, and regression lines. The mean number of publications per FTE physician was 0.73, the mean number of hospital stays per FTE physician was 235.8 and the mean number of residents per FTE physician was 0.63. There was a moderate positive correlation between the number of publications per FTE physician and the number of residents per FTE physician (r=0.53) and a negligible correlation between the number of residents per FTE physician and the number of hospital stays per FTE physician (r=0.12). There was a low negative correlation between publication numbers per FTE physician and the number of stays per FTE physician (r=-0.41). All public teaching hospitals presented different patterns in terms of care, teaching, and research activities. None of the 32 hospitals performed well in all three activities. Only nine performed well in at least two out of the three missions.

RESUME

Le soin, l'enseignement et la recherche sont les priorités des Centres Hopistalo-Universitaires (CHU) français. En 2004, la méthode de rémunération est passée d'une dotation globale à un système de rémunération à l'acte, reposant sur l'utilisation d'outils bibliométriques. Ceux-ci ont été utilisés ici pour décrire l'activité de recherche des CHU en lien avec les activités de soins et d'enseignement. La présente étude est basée sur des données provenant des 32 CHU français entre 2004 et 2014. Les données concernant le nombre de publications, les séjours à l'hôpital, les Equivalents Temps Plein (ETP) des praticiens et le nombre d'internes par ETP médical, ont été collectées. Les analyses statistiques ont été effectuées à l'aide de moyennes, de coefficients de corrélation de Pearson et de droites de régression. En se rapportant toujours au nombre d'ETP médical, le nombre moyen de publications était de 0,73, le nombre moyen de séjours à l'hôpital était de 235,8, et le nombre moyen d'internes était de 0,63. Une corrélation positive modérée

INTRODUCTION

Leading and conducting research is one of the three priorities of the French public teaching hospitals, along with teaching and medical care activities. In 2004, the remuneration system of the French healthcare institutions changed from a global endowment to a fee-for-service practice for medical, surgical and obstetric departments. This new system of funding, based on performance and reward, was also applied to the biomedical research fields using bibliometric tools as performance indicators. Before 2004, bibliometric tools were used mainly to assess and evaluate university careers at an individual level, for instance by calculating the H index of a researcher. To implement this new funding system, a new tool termed SIGAPS (Système d'Interrogation, de Gestion et d'Analyse des Publications Scientifiques) was created and implemented at the national level under the impulse of the Ministry of Health. The SIGAPS software enables the counting of the number of PubMed-listed publications of an author who is affiliated to a healthcare institution, and who is part of the funding scheme. SIGAPS attributes a composite score (SIGAPS indicator) based both on the position of the author in the author list and the category of the biomedical journal in which the study is published. The categories are based on a journal's impact factor distribution within each Journal Citation Report (JCR) research discipline [START_REF] Devos | From the bibliometry to the financing: the SIGAPS software[END_REF]. Category A refers to the top 10% (scored 8), those above the third quartile not included in the top 10% are category B (scored 6), those above the second quartile are C (scored 4), those above the first quartile are D (scored 3), and those below the first quartile are E (scored 2). Journals which are not indexed by JCR, but are listed in PubMed, are categorised NC (scored 1). The position of the author is scored as follows: the first and last authors are scored the highest (scored 4) followed by second and second-to-last author positions (scored 3), third position (scored 2) and finally other position, and investigator list (both scored 1).

The present study aimed at describing the research patterns of the 32 French existing public teaching hospitals, from 2004 to 2014, by analysing the number of publications, the number of publications in high journal categories, and the position of the authors. The medical care activity was also assessed by the number of hospital stays while the teaching activity was assessed by the number of resident students, the number of full time equivalent (FTE) university hospital practitioners. All data were normalised by the number of FTE physicians.

METHODS

Data collection

Each French public teaching hospital is attributed a FINESS (FIchier National des Etablissements Sanitaires et Sociaux) number by the French directory of health and social establishments, which is unique to each hospital [START_REF]Agence technique de l'information sur l'hospitalisation. fichier national des établissements sanitaires et sociaux[END_REF]. For the 32 existing public teaching hospitals, all included in the present study, the FINESS number was the key identifier used for retrieving data over the 2004-2014 period from all databases of interest. For one particular case, that is the hospital of La Réunion which became a public teaching hospital in 2012 after the merger of two public hospitals, analysis was performed based on the sum of data from these two hospitals, prior to 2012. The publication dataset from 2004 to 2014 period was retrieved from the SIGAPS database in September 2015, following special authorization by the Ministry of Health (Bureau Innovation et Recherche Clinique, issued on 22/12/2014). The year 2004 was chosen because this year was the first year of the new funding system. From this 11-year dataset, the following data were extracted: the number of publications for each public teaching hospital, the year of publication, the journal category (A, B, C, D, E, and NC), the author position (first, second, third, other, second-to-last, and last), and the type of publication (editorial, original article, review). In the present study, the best author position was defined as being either the first or last position and the best journal category was considered being A and B. All publications whose authors where flagged as investigator list were excluded from this study as this position is more reflective of a collaborative contribution.

In France, the rate of medical care activity for a given hospital can be assessed by the number of hospital stays according to the Diagnosis Related Groups classification (Groupe Homogène de Malade, DRG), which pools homogeneous groups of patients. These groups are based on the inclusion of patients with the same medical condition, of a similar severity, and the care of which is equivalent. Each hospital stay ends up in a DRG according to an algorithm based on the medical administrative information contained in the standardised output summary of each patient. For each 32 public teaching hospital, the number of hospitals stays from 2004 to 2014 was extracted from Scansante. Scansante is an open access database hosted by the technical agency for hospital information (agence technique de l'information sur l'hospitalisation) [START_REF]Agence technique de l'information sur l'hospitalisation[END_REF].

In public teaching hospitals, physicians can occupy the position of hospital practitioner, or university hospital practitioner. Herein, a hospital practitioner includes clinical assistants and attending physicians as well as hospital practitioners. University hospital practitioners include titular and non-titular university hospital practitioners. In the present study, a university hospital practitioner was attributed 0.5 FTE due to his/her double mission as physician and teacher.

Private practitioners were excluded from the study. In order to take into account the effective time of each physician, the number of FTE was analysed instead of the number of physicians.

To assess the teaching activity within a public hospital, the number of residents per FTE physician was considered as reflective of teaching time based on the postulate that the higher the number of residents per FTE physician, the more teaching time is required. This, however, does not take into account the quality of the teaching. Since residents can be trained by hospital practitioners or university hospital practitioners, the number of residents was divided by the number of FTE physicians and not by the number of FTE university hospital practitioners.

For each of the 32 public teaching hospitals, data concerning the number of FTE physicians as well as their position, i.e hospital practitioner only or university hospital practitioner, and the number of residents'student were retrieved from different questionnaires from the French directorate for research, studies, evaluation and statistics (Direction de la recherche, des études, de l'évaluation et des statistiques). These questionnaires are to be fulfilled each year by the public teaching hospitals. The questionnaire Q20a form indexed the medical staff of public healthcare establishments (except residents) from 2004 to 2012, and the questionnaire Q20 form for the 2013-2014 period [4]. The number of residents' students was obtained from the questionnaire Q22 form, which indexed the number of residents.

Data analysis

Individual hospital means were estimated over the period 2004-2014 for each of the 32 public teaching hospitals. An overall annual mean with standard deviation (SD) and 95% confidence interval ([95%CI]) for the 32 public teaching hospitals was then calculated. Each individual hospital mean was then compared to the [95%CI] of the overall annual mean to establish hospital performance in terms of research, teaching or medical care activities. If an individual hospital mean was above the [95%CI] of the overall annual mean, it was considered that the establishment performed well. If it was comprised within the [95%CI] of the overall annual mean it was considered to perform within the mean. If the individual hospital mean was below the [95%CI] of the overall annual mean, this hospital was considered to perform poorly.

Variables analysed were the number of publications per FTE physician, the number of DRG per FTE physician, the number of residents per FTE physician, as well as the proportion of university hospital practitioners, the proportion of publications in the best journal category (A and B), and the proportion of best author position (first and last authors). Pearson correlation coefficients and linear regression analyses were used for the following variables: number of publications, number of hospital stays, number of FTE university hospital practitioners, and number of residents per FTE physician [START_REF] Mukaka | A guide to appropriate use of Correlation coefficient in medical research[END_REF].

RESULTS

Table 1 shows the number of publications for the 32 public teaching hospitals over the ten-year period (2004-2014).

The overall annual mean (SD; [95%CI]) number of publications per FTE physician (both hospital practitioners and university hospital practitioners) was 0.73 (0.29; [0.63; 0.83]). A total of 14 teaching hospitals (Nancy, Montpellier, Lille, Bordeaux, Marseille, Paris, Toulouse, Angers, Grenoble, Strasbourg, Lyon, Nantes, Rennes, and Dijon) had a mean number of publications per FTE physician above the [95%CI] of the overall annual mean. Among the others, 11 had a mean within the [95%CI] and 7 had a mean below. Regarding medical care activity, the overall annual mean (SD; [95%CI]) number of hospitals stays per FTE physician was 235. 8 (51.8; [217.8; 253.7]). A total of 8 public teaching hospitals had a mean medical care activity above the 95%CI of the overall annual mean (Poitiers, Metz, Orléans, Limoges, Besançon, Bordeaux, Tours, and Amiens), while 10 were within the interval and 14 below.

Concerning teaching activities, the overall annual mean (SD; [95%CI]) number of residents per FTE physician was 0.63 (SD=0.17; [0.57; 0.68]) Out of the 32 public teaching hospitals, 11 had a mean number of residents per FTE physician above the [95%CI] of the overall annual mean (Poitiers, Dijon, Reims, Caen, Marseille, Amiens, Lille, Besançon, Rouen, Toulouse, and Nancy). Another 11 had a mean number of residents comprised within the [95%CI] whereas 10 public teaching hospitals had a mean below. None of the French public teaching hospitals performed well, i.e had means above the [95%CI] of the overall annual mean, in all 3 activities that are medical care, teaching and research. Out of the 32 public teaching hospitals, 9 performed well in 2 activities out of 3. Amiens, Besançon, and Poitiers performed well in care and teaching activities; Dijon, Lille, Marseille, Nancy and Toulouse performed well in research and teaching activities; and Bordeaux performed well in care and research activities. Among the total public teaching hospitals, 15 performed well in at least one of the 3 activities while 8 did not perform well in any of the activities (Table 2).

Analysis found a moderate positive correlation between the number of publications per FTE physician and the number of residents per FTE physician (r=0.53; p=0.002), a negligible correlation between the number of residents per FTE physician and the number of hospital stays per FTE physician (r=0.12; p=0.51), and a low negative correlation between the number of publications per FTE physician and the number of hospital stays per FTE physician (r=-0.41; p=0.02).

The overall annual mean (SD; [95%CI]) proportion of university hospital practitioners was 0.18 (0.08; [0.16; 0.21]; Table 2). Among the 32 public teaching hospitals, 12 had a mean proportion of university hospital practitioners above the [95%CI] of the overall annual mean (Bordeaux, Strasbourg, Marseille, Nancy, Rennes, Lille, Reims, Montpellier, Toulouse, Caen, Angers, and Lyon). A total of 14 hospitals had a mean comprised within the [95%CI] and 6 had a mean below. Analysis found a very high correlation between the proportion of university hospital practitioners and the number of publications per FTE physician (r=0.90; p<0.05; Figure 1), a high correlation between the proportion of university hospital practitioners and the number of residents per FTE physician (r=0.72; p<0.05; Figure 2), and a low negative correlation between the proportion of university hospital practitioners and the number of stays per FTE physician (r=-0.32; p=0.06).

The overall annual mean (SD; [95%CI]) proportion of best journal category was 0.37 (0.05; [0.36; 0.39]). A total of 12 hospitals achieved a mean proportion of best journal category above the [95%CI] of the overall annual mean (Bordeaux, Nantes, Paris, Montpellier, Nice, Dijon, Grenoble, Lyon, Strasbourg, Toulouse, Brest, and Poitier). Another 12 were comprised within the [95%CI] and 8 were below. Analysis found a high positive correlation between the proportion of university hospital practitioners and the best journal category (r=0.78; p<0.05;

Figure 3).

The overall annual mean (SD; [95%CI]) proportion of best author position was 0.52 (0.06; [0.50; 0.54]). Among the total university hospitals, 8 hospitals had a mean proportion of best author position above the [95%CI] of the overall annual mean (Paris, Marseille, Amiens, Besançon, Lille, Lyon, Rouen, and Reims), while 18 were comprised within the interval and 6 were below. A high positive correlation was found between the proportion of university hospital practitioners and best author position (r=0.71; p<0.05; Figure 4).

Concerning research activity, 14 hospitals performed well in terms of publication number. None of the 14 hospitals that had a high number of publications, had a proportion of university hospital practitioners, a proportion of best journal category, and a proportion of first and last authors below the 95%CI of the overall annual mean. Only two hospitals (Paris and Lyon) had a mean number of publications published in the best journal category and with the best author position that were higher than the [95%CI] of the overall annual mean. Of note, Lyon had a higher proportion of university hospital practitioners whereas Paris did not. Moreover, 7 (Bordeaux, Dijon, Grenoble, Montpellier, Nantes, Strasbourg; and Toulouse) performed well in terms of best journal category but their performance for best author position was within the [95%CI] of the overall annual mean. Among these 7 hospitals, 4 (Bordeaux, Montpellier, Strasbourg, and Toulouse) had a higher proportion of university hospital practitioner whereas the other 3 (Dijon, Grenoble, and Nantes) did not. Another 5 public teaching hospitals (Angers, Lille, Marseille, Nancy, and Rennes) had a mean number of best journal category within the [95%CI] of the overall annual mean, 3 of them (Angers, Nancy, Rennes) with a best author position comprised within the [95%CI] of the overall annual mean and 2 (Lille, Marseille) over.

All had a mean proportion of university hospital practitioners higher than the [95%CI] of the overall annual mean.

Among the 14 who performed well in terms of research, only Bordeaux performed also performed well in terms of medical care activity, while 5 performed within the mean, and 8 performed poorly. In terms of teaching activity depicted by the number of residents per FTE physician, 5 performed well (Dijon, Lille Marseille, Nancy, and Toulouse), 6 were within the mean, and 3 performed poorly.

Among the 18 public teaching hospitals who did not perform well in terms of research, i.e. publication number within or under the [95%CI] of the overall annual mean, 7 (Amiens, Besançon, Limoges, Metz, Orleans, Poitiers, Tours) performed well in care activity, and 6 (Amiens, Besançon, Caen, Poitiers, Reims, and Rouen) performed well in teaching activity.

DISCUSSION

The results of the present study showed that the number and quality of publications released each year, between 2004 and 2014, by public teaching hospitals relies on the proportion of university hospital practitioners. Paris and Lyon hospitals are the only two public teaching hospitals who published a high number of publications, in the best journal categories, and with best author positions. Bordeaux is the only hospital who performed well in the two sectors that are care and research.

As the French public teaching hospitals all vary from one another and are hardly comparable in terms of size, data were normalised by the number of FTE physicians. Indeed, Paris comprises 31.1% of the total SIGAPS scores attributed to all hospitals and is also the most successful in obtaining public funding (29.3% of total public funding) whereas, for instance, 9 public teaching hospitals together obtain 32.9% of that funding [6]. In many countries, research funding is correlated with the number of publications as reported by Man et al. [START_REF] Bredan | Why are journals from less-developed countries constrained to low impact factors?[END_REF]. Herein, the number of publications was extracted from a database used for allocating funds and thus, funding was not analysed in the present study. The yearly fluctuation in funding allocation can be a bias. Moreover, in order to limit the impact of yearly fluctuations of the number of publications, the results presented herein were calculated over a ten-year period.

According to a report by the Swiss ministry of education and research (Secretariat d'Etat à l'éducation et à la recherche du département fédéral de l'intérieur) [START_REF]Analyse bibliométrique de la recherche scientifique en Suisse 1981 -2011[END_REF]. France produced, between 2005 and 2009, 582 publications per 1000 researchers in all fields. It is however difficult to compare the results presented herein with those from the Swiss report as the first were calculated in terms of FTE and the latter in terms of number of researchers. The number of FTE is less numerous than physicians. This could explain that the number of publications per FTE found herein is higher than the number of publications per researchers published in the Swiss report [START_REF]Analyse bibliométrique de la recherche scientifique en Suisse 1981 -2011[END_REF]. Another point of interest is that the first and last author positions represented more than half of the publications listed. The public teaching hospitals share their research activities between initiating its own research and collaborating with other hospitals, thus enhancing its role in term of knowledge production. Of note, almost 40% of their publications were published in the best journal category.

An important result from the present study, corroborated by a report from the French financial authority, (la Cour des comptes) [START_REF]Cour des comptes[END_REF] is that the three public hospital activities were not carried out equally. Public teaching hospitals focus first on medical care activity before research organisations emerge. Based on each hospital's result, it appears that, hospitals must choose between excelling in the field of research or perform well in terms of medical care. The present study found that only the hospital of Bordeaux performed well in these two activities. However, external factors were not studied herein and could explain some patterns. For instance, demographic factors and attractiveness, differences in population (epidemiology, socioprofessional levels, population density), and/or competitive factors (implantation of private hospitals, presence of cancer centre…) can all affect care activity [START_REF]Cour des comptes[END_REF]. It is important to note that although Orléans and Metz hospitals are only involved in care activity, these were considered as public teaching hospitals in this study since they are part of the 32 regional teaching hospitals [START_REF] Le | [END_REF]. Interestingly, this is reflected herein by the strong association between the proportion of university hospital practitioners and the proportion of residents.

It is important to note that the workload of a resident can be very important [START_REF] Cintas | S'occuper de nos futurs médecins. Quand l'épuisement professionnel se fait sentir dès l'internat[END_REF] [13] [START_REF]Internes en médecine : Gardes, Astreintes et Temps de travail[END_REF]. Thus, it could be envisioned that the higher the number of residents, the higher the care activity in a given hospital. However, only 3 public teaching hospitals (Amiens, Besançon, and Poitiers) performed well in terms of both the number of residents and care activity. The present results therefore do not confirm that residents create care activity. According to another report from the French financial authority [6] a high ratio of resident per university hospital practitioner reduces the available time for research and care due to student supervision time. However, it is likely that the new directives concerning medical theses, which will now be in form of a published article, will increase the publication numbers for hospitals with a high number of residents and hence enhance their research funding, if the system is kept that way.

Looking at a 10-year pattern (2004-2014) from the 32 public teaching hospitals, which were created more than 50 years ago, was of particular interest as 2004 was a pivotal year during which a new economic model was implemented. Since then, the hospitals have entered the era of management which involves evaluation of performance activities (e.g. publications) and commitment to assurance quality. This is the first ten-year assessment in terms of publications, and it showed that, overall, the hospitals have succeeded in adapting to this new funding scheme. Indeed, almost 40% of French public teaching hospitals publish in high category journals, whatever the therapeutic field of interest, and more than 50 % of the authors are ranked in the best position.

CONCLUSION

All French public teaching hospitals presented different patterns in terms of care, teaching, and research activities. None of the 32 hospitals performed well in all 3 activities. Only nine out of the 32 hospitals studied performed well in at least 2 out of the 3 missions. This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors. Each public teaching hospital was named by its town's location. All results which are above the 95%CI of the overall annual mean are in bold. All results which are below are underlined.FTE: Full Time Equivalent; DRG: Diagnosis Related Groups
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  10]. This explains their lack of university hospital practitioners and low number of residents. However, Nancy and Strasbourg which are geographically close to Metz showed poor performance in terms of care activity but performed well in research. Hence, Metz can manage some of Nancy and Strasbourg's care activities while Nancy and Strasbourg can include Metz's research activity. Other examples such as Fort de France, La Réunion, and Pointe à Pitre can hardly be compared with the 27 other public hospitals due to their isolated geographic location and thus specific working environment. Coordination between research and teaching activities largely depend on historical and local factors between public teaching hospitals and their associated universities [6]
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Figure 4: Proportion of best author position and proportion of university hospital practitioners