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3 Limiter le temps total quotidien passé assis ou allongé ; -Fractionner le temps passé à des activités sédentaires Tableau 1. Synthèse des recommandations de l'Anses en matière d'activité physique et de comportements sédentaires.

La surveillance des comportements sédentaires et de l'activité physique en population générale est primordiale, notamment pour en évaluer la prévalence, la comparer aux repères de pratique conseillés, et la confronter aux données de santé. Les études de surveillance sont par ailleurs essentielles à l'élaboration des politiques nationales, ainsi qu'à l'évaluation des stratégies de promotion de l'activité physique et de prévention des comportements sédentaires. Toutefois, la mise en place d'études de surveillance fait face à certaines difficultés. Une difficulté majeure réside dans la capacité à obtenir une mesure précise de l'activité physique et des comportements sédentaires. Différents outils existent pour mesurer ces comportements, présentant différents avantages et inconvénients, et dont la qualité est essentielle pour obtenir des données pertinentes.

La fiabilité, la validité et la sensibilité des instruments sont des éléments à prendre en considération lors du choix de l'outil (Terwee et al., 2012). La fiabilité correspond à la reproductibilité d'une méthode c'est à dire à sa capacité à fourni un résultats identiques lorsque la méthode est utilisée à plusieurs reprises dans un même contexte, par la même personne ou par des personnes différentes. La validité réfère à la capacité de l'instrument à mesure ce qu'il est sensé mesurer. La sensibilité représente la capacité de l'instrument à détecter un changement au cours du temps. Parce que l'activité physique et les comportements sédentaires sont des comportements complexes et ubiquitaires, aucun instrument ne peut mesurer toutes leurs dimensions.

De ce fait, l'objectif de cette thèse était d'étudier l'état de la surveillance de l'activité physique et des comportements sédentaires, en particulier dans le contexte Français, et de contribuer à enrichir les connaissances concernant la mesure de l'activité physique et des comportements sédentaires. Rivière, F., Aubert, S., Omorou, A., Ainsworth, B. E., Vuillemin, A. (2015). Content comparison of sedentary behavior questionnaires: a systematic review. In: Proceedings of the Sedentary Behavior and Health Conference. Urbana Champaign, Illinois, USA.
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Chapter 1

Introduction Context

Health impacts of physical activity have been increasingly studied since the 1950s and are now well-established (Morris et al., 1953a;[START_REF] Erlichman | Physical activity and its impact on health outcomes. Paper 1: the impact of physical activity on cardiovascular disease and allcause mortality: an historical perspective[END_REF][START_REF] Powell | Physical activity for health: What kind? How much? How intense? On top of what?[END_REF][START_REF] Garber | American College of Sports Medicine position stand. Quantity and quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for prescribing exercise[END_REF][START_REF] Ekelund | Does physical activity attenuate, or even eliminate, the detrimental association of sitting time with mortality? A harmonised meta-analysis of data from more than 1 million men and women[END_REF][START_REF] Lear | -income, and low-income countries: the PURE study[END_REF]. Physical activity is associated with a number of health outcomes, including reduced risks of breast cancer, colon cancer, coronary heart disease, depression, fractures, osteoporosis, type 2 diabetes, and improvement in cognitive function, physical function and weight management [START_REF] Powell | Physical activity for health: What kind? How much? How intense? On top of what?[END_REF][START_REF] Garber | American College of Sports Medicine position stand. Quantity and quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for prescribing exercise[END_REF]. Despite these health benefits, nearly one third of the world population does not engage in physical activity at recommended levels [START_REF] Hallal | Global physical activity levels: surveillance progress, pitfalls, and prospects[END_REF]. The World Health Organization (WHO) has identified the lack of physical activity as the fourth global risk factor for mortality (WHO, 2009), and it is estimated to be responsible for 6 to 9 percent of worldwide premature deaths (WHO, 2009; [START_REF] Lee | Effect of physical inactivity on major noncommunicable diseases worldwide: an analysis of burden of disease and life expectancy[END_REF]. As a consequence, the economic burden attributable to the lack of physical activity is estimated to be at least 67.5 billion international dollars worldwide, and 15.5 billion international dollars in Europe [START_REF] Ding | The economic burden of physical inactivity: a global analysis of major non-communicable diseases[END_REF].

In 2010, WHO published global recommendations for physical activity for health (WHO, 2010). According to these recommendations, adults aged 18-64 years should engage in at least 150 minutes of moderate intensity physical activity per week, or 75 minutes of vigorous intensity physical activity, or an equivalent combination. This activity should occur in bouts of at least 10 minutes or longer. In addition, muscle-strengthening activities should be done at least 2 times per week. In France, the French Ministry of Health, as part of the National Nutrition and Health Program (PNNS), recommended that adults engage in at least 30 minutes of brisk walking daily, or an equivalent amount of physical activity (PNNS 2011-2016, PNNS 2006-2010, PNNS 2001-2005), and for youth should engage in at least 60 minutes of brisk walking daily, or an equivalent amount of PA (PNNS 2011(PNNS -2016)). Recently, the French Agency for Food, Environmental and Occupational Health & Safety (Anses), at the request of the Directorate General for Health (French Ministry of Health), has published updated recommendations for physical activity in toddlers (0-5 years), children (6-11 years), adolescents (12-17 years), adults (18-65 years) and elderly (65 and above) (Anses, 2016).

The term sedentary behaviors covers a whole range of different activities spent sitting, including watching TV, using a computer, driving a car, working at a desk and eating breakfast. Based on international data, worldwide siting time was estimated to be five hours per day (Bauman et al., 2011). Sedentary behaviors are recognized as a health risk associated with increased morbidity and mortality [START_REF] Jeffery | Epidemic obesity in the U.S.: are fast foods and television viewing contributing?[END_REF][START_REF] Van Der Ploeg | Sitting time and all-cause mortality risk in 222 497 Australian adults[END_REF]Biswas et al., 2015). A systematic literature review and meta-analysis published by Biswas and colleagues reported positive associations between time spent in sedentary behaviors and type 2 diabetes incidence, cancer incidence and mortality, cardiovascular disease incidence and mortality, and all-cause mortality (Biswas et al., 2015). Individuals who accumulate low levels of physical activity and high sedentary time are at highest risk for the associated health risks of these behaviors (Chau et al., 2013;Biswas et al., 2015;[START_REF] Ekelund | Does physical activity attenuate, or even eliminate, the detrimental association of sitting time with mortality? A harmonised meta-analysis of data from more than 1 million men and women[END_REF].

WHO has not made recommendations for the minimal time spent in sedentary behaviors. This is attributable to the fact that epidemiology of sedentary behaviors is a new field of research, thus at the time when WHO published its recommendations for physical activity, little was known on the relationship between sedentary behaviors and health-related outcomes. Since then many countries have published recommendations for sedentary behaviors (Tremblay et al., 2011a;[START_REF] Parrish | A systematic review to inform the Australian Sedentary Behaviour Guidelines for Children and Young People[END_REF][START_REF] Kahlmeier | National physical activity recommendations: systematic overview and analysis of the situation in European countries[END_REF], including France (Anses, 2016).

Being a major determinant of health and well-being, and in regard to the burden of mortality and morbidity associated with insufficient physical activity levels and too much sedentary behaviors, public health systems have integrated surveillance of physical activity and sedentary behaviors (WHO, 2005;Fulton et al., 2016;[START_REF] Craig | Utility of Surveillance Research to Inform Physical Activity Policy: An Exemplar From Canada[END_REF]. Public health surveillance is the foundation of public health systems. Surveillance activities are used to estimate the health status and health determinants of populations, evaluate existing interventions, and plan for future interventions (Macera and Pratt, 2000;[START_REF] German | Evaluation of the National Nutrition and health Programme PNNS2 2006-2010[END_REF]. Public health surveillance is an indispensable process for decision-makers in planning strategies and actions by providing timely, useful evidence. However, the implementation of reliable surveillance systems is complicated. To measure physical activity and sedentary behaviors, one of the main challenges is to rely on accurate measurement of physical activity and sedentary behaviors. Accurate and reliable measures of these behaviors are important for surveillance systems to assess the prevalence of physical activity levels and sedentary lifestyles, to study the relationships between physical and sedentary behaviors and health outcomes, to characterize the patterns of the population and to plan and evaluate health promotion interventions.

Two main methods of measurement are used to survey these behaviors: self-report questionnaires and objective methods, including pedometers and accelerometers.

Questionnaires are cost-effective, readily accessible to the majority of the population, have a relatively low participant burden, and can be used to identify types of behaviors in the context in which the behaviors occur. Therefore, population-based studies have mostly relied on selfreport questionnaires (Sjöström et al., 2006;Beck et al., 2008;Fulton et al., 2016;[START_REF] Craig | Utility of Surveillance Research to Inform Physical Activity Policy: An Exemplar From Canada[END_REF]. Questionnaires are prone to both over and underestimating physical activity and sedentary time (Prince et al., 2008). Alternatively, objective methods might improve quantification of these behaviors. Accelerometers provide a measurement of the frequency and time spent in body movement by intensity used to discriminate between physical activity and sedentary behaviors [START_REF] Hills | Assessment of physical activity and energy expenditure: an overview of objective measures[END_REF]. Accelerometers have been used in national (Troiano et al., 2008;[START_REF] Hagströmer | Levels and patterns of objectively assessed physical activity-a comparison between Sweden and the United States[END_REF][START_REF] Colley | Physical activity of Canadian adults: accelerometer results from the 2007 to 2009 Canadian Health Measures Survey[END_REF], European [START_REF] Konstabel | Objectively measured physical activity in European children: the IDEFICS study[END_REF][START_REF] Loyen | Sedentary time and physical activity surveillance through accelerometer pooling in four European countries[END_REF] and international surveys [START_REF] Van Dyck | International study of objectively-measured physical activity and sedentary time with body mass index and obesity: Ipen adult study[END_REF] to measure physical activity and sedentary behaviors. Accelerometers also have their limitations. In particular, they do not provide information on the type or context of the behaviors and they measure sedentary behaviors poorly. Ideally national surveys should rely on both self-report and objective methods to provide a complete picture of the population physical activity and sedentary behaviors (Troiano et al., 2012).

Research aims and questions

Physical activity and sedentary behaviors are major health determinants and are being surveyed worldwide (WHO, 2005; Fulton et al., 2016; Bel-Serrat et al., 2017; [START_REF] Craig | Utility of Surveillance Research to Inform Physical Activity Policy: An Exemplar From Canada[END_REF]. In some countries, such as the United States and Canada (Fulton et al., 2016;[START_REF] Craig | Utility of Surveillance Research to Inform Physical Activity Policy: An Exemplar From Canada[END_REF], the implementation of surveillance studies measuring physical activity and sedentary behaviors is well defined. In France, physical activity and sedentary behaviors surveillance is still in an early stage, and needs improvement. There is no consensus about what is the optimal survey and how best to measure physical activity and sedentary behaviors in surveillance setting. In France, questionnaires are used primarily, but there is a lack of consistency in the choice of the questionnaire. Therefore, this thesis aimed to add to the current knowledge by answering three Chapter four presents a general discussion of the four studies completed for the thesis. In this context, the studies are summarized and discussed in a broader perspective. In addition, the strengths and limitations of the research included in this thesis are discussed with recommendations made for future research and practice.

Thesis outline

Chapter 2

Literature Review 1 Physical activity and sedentary behaviors: concepts and definitions 1.1 Definitions of physical activity

Prior to 1985, a consensual definition of physical activity did not exist [START_REF] Laporte | The spectrum of physical actvity, cardiovascular disease and health: an epidemiologic perspective[END_REF][START_REF] Stephens | Secular trends in adult physical activity: Exercise boom or bust?[END_REF]. In 1985, Caspersen and colleagues defined physical activity as "any bodily movement produced by skeletal muscles that results in energy expenditure" [START_REF] Caspersen | Physical activity, exercise, and physical fitness: definitions and distinctions for health-related research[END_REF]. This definition has received wide acceptance among the scientific community, as evidenced by the number of times it has been cited (more than 6,000 citations). In 2012, Pettee- 

Terms used in the measurement of physical activity

Physical activity characteristics in terms of mode, frequency, intensity, and duration are usually used to quantify physical activity. These terms are defined in 

Intensity

Intensity is an important determinant of the physiological responses to physical activity. Time spent in moderate-to-vigorous physical activity may be one of the most common measure of physical activity. Either moderate-or vigorous-intensity physical activity, or a combination of both, can be undertaken to meet the WHO physical activity guidelines (WHO, 2010). Intensity can be expressed in absolute or relative values (see Table 3). Physical activity intensities are categorized into five levels that include cut-points for relative and absolute intensity levels.

Absolute intensity refers to the amount of work required to perform a specific activity regardless of an individual's physical attributes. Absolute intensity is often expressed in multiples of resting energy expenditure (METs), with 1 MET=3.5 ml/kg/min. Physical activity intensity varies along a continuum from sedentary (≤1.5 METs) to high intensity activity (≥ 8.8 METs).

As an example, absolute intensity can be as low as 0.95 METs for sleeping and as high as 23.0

METs for running at 22.5 kilometers per hour [START_REF] Ainsworth | Compendium of Physical Activities: a second update of codes and MET values[END_REF]. For aerobic activities, intensity may be expressed in physiological values as heart rate (pulses/minutes) and oxygen consumption (VO2 in l/min), or as a rate (running speed per hour). As an example, running at 22.5 kilometers per hour corresponds to an intensity of 23.0 METs and requires an oxygen consumption of 80 ml/kg/min (23.0 METs * 3.5 ml/min/kg = 80) to be performed. For strength exercises, intensity can be expressed as the amount of weight lifted (for example a maximal weight of 100 kilograms lifted during squat).

Relative intensity refers to the amount of work required to perform a specific activity adjusted for an individual physiological capacity. Therefore, it can be expressed using the same indicators as for absolute intensity, but adjusted for the percent of maximal capacity of the individual. In this way relative intensity may be expressed as percentages of maximal heart rate, maximal oxygen consumption, maximum rate of energy expenditure, maximum aerobic speed or maximum weight lifted. In addition, relative intensity can be expressed as perceived exertion.

Various perceived exertion scales have been developed, but the most popular is the Borg RPE scale [START_REF] Borg | Borg's perceived exertion and pain scales[END_REF]. The Borg RPE scale is a scale for ratings of perceived exertion (RPE) based on the physical sensations a person experiences during physical activity, including breathlessness, increased heart rate and fatigue. The Borg RPE scale ranges from 6 to 20, where 6 means "No exertion at all" and 20 means "Maximal exertion". Perceived exertion as measured using Borg RPE scale has been shown to be associated with physiological measures such as percent maximal oxygen uptake and percent maximal heart rate [START_REF] Chen | Criterion-related validity of the Borg ratings of perceived exertion scale in healthy individuals: a meta-analysis[END_REF]. While doing physical activity, RPE can be used to determine perceived physical activity intensity by choosing the number that best describes the level of exertion during the physical activity. For example, 13 is defined as a level of exertion somewhat hard, and corresponds to a moderateintensity physical activity. 

Duration

An aspect of duration is to describe the length of time an individual engages in physical activity over a specified period. For example, WHO recommends children and adolescents aged 5-17 years engage in 60 minutes of moderate-to-vigorous physical activity every day of the week.

Adults aged 18 and older should perform 150 minutes of moderate-intensity physical activity throughout the week, or 75 minutes of vigorous-intensity physical activity, or an equivalent combination of moderate-and vigorous intensity physical activity (WHO, 2010). A second aspect of duration is to describe the time spent in continuous physical activity at a certain intensity, or engaged in a given activity. For example, an individual could engage in a continuous 30-minute brisk walk, or accumulate the same duration of exercise in bouts (e.g. 2 brisk walks of 15 minutes). WHO recommends to accumulate physical activity in bouts lasting at least 10 minutes (WHO, 2010).

Frequency

Frequency refers to how often an individual engages in physical activity in terms of the number of times a week, month, or year. For example, WHO's physical activity guidelines advise for adults aged 18 years and older to perform muscle-strengthening activities 2 or more days a week (WHO, 2010). The 1995 CDC-ACSM (Centers for Disease Control and Prevention -American College of Sports Medicine) physical activity guidelines recommended adults engage in moderate-intensity physical activity 5 days per week (Pate et al., 1995). The 1978 ACSM guidelines recommended adults engage in vigorous exercise 3-5 days per week [START_REF]Position statement on the recommended quantity and quality of exercise for developing and maintaining fitness in healthy adults[END_REF].

Another important aspect of frequency is the number of times an individual engages in bouts of physical activity. Individuals can perform short bouts of activity throughout the day or engage in continuous physical activity. For example, in Figure 1, the participant engaged in one continuous bout of moderate-to-vigorous intensity physical activity, while in Figure 2 the participant engaged in many short bouts of moderate-intensity physical activity. 

Mode

The mode refers to the specific activity performed (e.g. walking, running) or to the type of physical activity (e.g. aerobic activity, muscle-strengthening activity 

Definition of sedentary behaviors

As the term sedentary behaviors has gained in popularity over the last two decades, different definitions have emerged. Historically, the term sedentary was used to describe a person with low physical activity levels [START_REF] Paffenbarger | Physical activity, all-cause mortality, and longevity of college alumni[END_REF][START_REF] Lowry | Television viewing and its associations with overweight, sedentary lifestyle, and insufficient consumption of fruits and vegetables among US high school students: differences by race, ethnicity, and gender[END_REF] and it was used interchangeably with physical inactivity [START_REF] Dietz | The role of lifestyle in health: the epidemiology and consequences of inactivity[END_REF]. In 2007, the term sedentary behaviors was used to describe a distinct and specific behavior, primarily sitting, including activities such as watching TV or using a computer [START_REF] Hamilton | Role of low energy expenditure and sitting in obesity, metabolic syndrome, type 2 diabetes, and cardiovascular disease[END_REF] 

Terms used in the measurement of sedentary behaviors

Sedentary behaviors can be described using the SITT formula (Tremblay et al., 2010), corresponding to: Sedentary behaviors frequency (operationalized as number of bouts of a certain duration), Interruptions or breaks in sedentary time (such as standing up or walking), Time (operationalized as the duration of sedentary behaviors), and Type (mode of sedentary behaviors, such as watching TV or driving a car).

Sedentary time

Sedentary time, expressed in seconds, minutes or hours, can refer to the total time spent in sedentary behaviors, or to the time spent in each sedentary activity. For example, in France it is recommended for adults to reduce the total time daily spent in a sitting position, as much as possible, and to limit each sedentary activity, to not exceed 90 to 120 minutes continuously (Anses, 2016). Total time spent in sedentary behaviors can be measured directly or calculated by summing time spent in specific sedentary activities.

Interruptions in sedentary time

Interruption in sedentary time is defined as a non-sedentary period in between two sedentary bouts and is often referred to as break in sedentary time [START_REF] Altenburg | Bouts and breaks in children's sedentary time: currently used operational definitions and recommendations for future research[END_REF]. 

Frequency of sedentary bouts

Frequency of sedentary bouts refers to the number of sedentary bouts of a certain duration. 

Mode of sedentary behaviors

Type of sedentary behaviors refers to the mode of sedentary behaviors, such as watching TV, using a computer or driving a car. Often, time spent in TV viewing is used as a proxy measure of sedentary behaviors duration [START_REF] Dunstan | Associations of TV viewing and physical activity with the metabolic syndrome in Australian adults[END_REF] ). However, it has been suggested that TV viewing may not always be a robust marker of a sedentary lifestyle [START_REF] Sugiyama | Is television viewing time a marker of a broader pattern of sedentary behavior?[END_REF], Owen et al., 2010). Therefore, all types of sedentary behaviors need to be measured.

Conceptual models of physical activity and sedentary behaviors

This section will present three conceptual models used in the field of physical and sedentary behaviors epidemiology that can be used to guide research. The work of LaMonte and 

Taxonomy of sedentary behaviors

In 2013, Chastin and colleagues developed a taxonomy (naming and cataloging system) of sedentary behaviors (Chastin et al., 2013) 

Measurement of physical activity and sedentary behaviors with questionnaires in surveillance systems

Physical activity and sedentary behaviors are complex behaviors; and their assessment is a challenge implying strategic choices. When selecting a measurement tool, one should determine which characteristics of physical activity or sedentary behaviors are of interest as it is unlikely that a tool measure all facets of a behavior, then one must consider which assessment method is best able to measure the characteristics of interest while minimizing bias. Ideally, the measurement is reproducible, valid, and responsive. Methods to measure physical activity and/or sedentary behaviors include subjective instruments (questionnaires, logs, ecological momentary assessment), and objective methods (motion and posture sensors, physiological sensors, direct observation, and context awareness using cameras and GPS). In the setting of surveillance studies, questionnaires commonly are used. Behavior Tool, consists in four domains: type of assessment, recall period, temporal unit and assessment period [START_REF] Dall | TAxonomy of Self-reported Sedentary behaviour Tools (TASST) framework for development, comparison and evaluation of self-report tools: content analysis and systematic review[END_REF]. The framework is represented in Figure 7. The type of assessment includes whether sedentary is measured using a single item or a composite item.

Classification of self-report tools of sedentary behaviors

For single item instrument sedentary time can be measured directly or using a proxy (such as TV viewing). For composite measures, the instrument can ask about the pattern of sedentary behaviors (i.e. how the behavior is accumulated throughout a given period), or the time spent in sedentary behavior can be estimated by summing the time spent in a range of different activities. When summed, the calculation can be made from questions asking about specific behaviors (for example, reading a book) or time spent in specific domains (for example, at home or at work). The recall period is the time frame over which the respondent is asked to consider his sedentary behaviors, and includes previous day, previous week, longer period, and unanchored (i.e. a general period of time such as a typical week). The temporal unit refers to the time frame, within the recall period, that the respondent is asked to report their sedentary behaviors, including single day, week and longer. The assessment period provides information regarding whether a respondent is asked questions about specific days (for example only weekend day) or specific time of a day (for example only morning). Authors mapped self-report instruments of sedentary behaviors to the TASST framework, and reviewed the psychometric properties (accuracy and sensitivity to change) of included instruments. By doing so, Dall and colleagues observed that tools assessing total sedentary time as a sum of behaviors seemed to provide better accuracy than single-item direct measurement tools [START_REF] Dall | TAxonomy of Self-reported Sedentary behaviour Tools (TASST) framework for development, comparison and evaluation of self-report tools: content analysis and systematic review[END_REF], and tools with a previous day recall period tended to provide better accuracy than those with longer periods. Yet, the overall accuracy remained poor for all instruments reviewed, with both overand under-estimation reported. As for sensitivity to change, almost no information were available. 

Type of questionnaires

Questionnaires are composed of a selected number of items aiming to standardize the collection of information over a defined period of time. Questionnaires provide useful information to characterize the patterns of the behaviors and are often preferred in large-sample epidemiological studies due to their ease-of-use, relatively low costs, and low participant burden. However, no single questionnaire measures all characteristics and one should identify which characteristics are of interest prior to select the questionnaire that best fits the purpose of his study.

Measurement properties of questionnaires 2.3.1 Validity

The validity refers to the extent to which the instrument accurately measures the construct it intends to measure ( Such phenomenon makes it impossible to distinguish between participants, therefore it impairs reliability and responsiveness of the instrument. Finally, construct validity relates to how well the instrument measures the construct of interest. Construct validity of an instrument is investigated by looking at how closely outputs of the instrument are related to outputs from an accepted instrument of reference, also called a gold standard (criterion validity). A gold standard would be an instrument of reference measuring the same construct, and with perfect reliability and validity. However, there is no gold standard for physical activity and sedentary behaviors questionnaire as no instrument measures the exact same construct as questionnaires.

The instrument of reference will depend of the output of interest. When the output of interest is energy expenditure, doubly labelled water (DLW) often is considered as the reference [START_REF] Schoeller | Recent advances from application of doubly labeled water to measurement of human energy expenditure[END_REF]. Accelerometers are a good choice if the purpose is to quantify movement behavior [START_REF] Troiano | Evolution of accelerometer methods for physical activity research[END_REF], while pedometers would be a good option if the purpose of the instrument is to estimate the number of steps per day walked [START_REF] Schneider | Accuracy and reliability of 10 pedometers for measuring steps over a 400-m walk[END_REF] Depending of the study, questionnaire may over-or underestimate sedentary and physical activity time (Prince et al., 2008); and newly developed questionnaires do not seem to perform any better than existing questionnaires (Shephard, 2003;[START_REF] Helmerhorst | A systematic review of reliability and objective criterion-related validity of physical activity questionnaires[END_REF]. Table 3 presents an overview of the measurement qualities of a sample of questionnaire used in physical activity and sedentary behaviors surveillance systems. 

Reliability

Reliability of an instrument refers to the degree to which the measurement is free from measurement error (Terwee et al., 2010). It concerns the degree to which repeated measurements under similar conditions provide similar results. However, physical and sedentary activities may change over time, thus it is often difficult to differentiate systematic and random errors resulting from the instrument to true changes in the behavior. Changes in behavior can be random (ex: one day one individual can engage little in sedentary activities, while spending a lot of sedentary time another day), or systematic (ex: systematic differences in physical activity level have been reported depending on the season -summer vs winter [START_REF] Tucker | The effect of season and weather on physical activity: a systematic review[END_REF]. Other changes in measurement may come from the instrument itself, or the conditions under which the measurement takes place. For example, measurements based on questionnaires administered during an interview might be influenced by the interviewer. Therefore, measurement error that is not attributed to true changes in the behavior must be distinguished from reliability that is the proportion of the total variance in the measurements which is due to true differences (Terwee et al., 20010). To explore measurement error and reliability, the instrument of interest can be tested twice at the same time to measure the construct of interest over the same period, and identify true measurement errors, or twice at two different time, to ensure that the instrument obtains consistent results for repeated measurements when including possible natural variation of the behavior. Ideally, an instrument would have small measurement error, and high degree of reliability.

Reliability is commonly assessed by administering the questionnaire twice to the same participants, one day (short-term reliability) to few months (long-term reliability) apart.

Correlation between the two measures with intraclass correlation and kappa coefficients ≥ 0.70 are considered appropriate.

The validity and reliability of a sample of questionnaires used for surveillance purpose are presented in table 4.

Responsiveness

Responsiveness is the ability of an instrument to detect changes over time in the participant's behaviors (Terwee et al., 2010) 

Validity and reliability studies of the GPAQ

Because the GPAQ has been developed for use worldwide, the validity and reliability of the GPAQ has been investigated frequently in many languages (Bull et al., 2009;[START_REF] Trinh | Test-retest repeatability and relative validity of the Global Physical Activity Questionnaire in a developing country context[END_REF][START_REF] Thuy | Reliability and validity of the global physical activity questionnaire in Vietnam[END_REF]Hoos et al., 2012;Herrmann et al., 2013;Soo et al., 2015;[START_REF] Mumu | Validity of the global physical activity questionnaire (GPAQ) in Bangladesh[END_REF][START_REF] Wanner | Validation of the Global Physical Activity Questionnaire for self-administration in a European context[END_REF]. Bull and colleagues were the first to undertake a validity study for the GPAQv1 (in its 19 items form) (Bull et al., 2009). Criterion validity was investigated in eight countries, against pedometers or accelerometers worn seven days to cover the same time frame than the recall period of the GPAQv1 (i.e., one week). Reliability was assessed by administering the questionnaire at two occasions, 3 to 7 days apart. The reliability and validity was assessed using Spearman's rho coefficients due to the skewed distribution of the data. The pooled result from six countries showed a correlation between GPAQv1 and pedometers for total physical activity time of r = 0.31 (n=1507). Two countries used accelerometers to assess criterion validity by comparing measures of minutes of total moderate-and vigorous-intensity physical activity, and total sedentary time from the GPAQv1 with measures of time derived from accelerometer counts. Correlations for sedentary time ranged from r = -0.02 to 0.40, and the correlations for moderate and vigorous physical activity ranged from r = -0.03 to 0.23, and r = 0.26 to 0.23, respectively (Bull et al., 2009). Stronger correlations were reported for 3 to 7 days test-retest reliability, ranging from r = 0.67 for vigorous intensity leisure physical activity to r = 0.73 for sedentary and vigorous intensity physical activity at work (Bull et al., 2009).

The first version of the GPAQ with 19 items evaluated by Bull and colleagues (Bull et al., 2009) has been subsequently modified. The GPAQ in its second version 1 has 16 items, as some items were deemed redundant and were removed (Armstrong and Bull., 2006). When tested against accelerometry, the GPAQ showed poor correlations, frequently below the threshold of r = 0.50, for moderate-and vigorous-intensity physical activity (Hoos et In this thesis, the term GPAQ is used to refer to the GPAQ in its second version. retest: r = 0.32 -0.68) and in Herrmann and colleagues' study (10 days test-retest: ICC = 0.83 -0.96; 3 months test-retest: ICC = 0.53 -0.83) [START_REF] Trinh | Test-retest repeatability and relative validity of the Global Physical Activity Questionnaire in a developing country context[END_REF]Herrmann et al., 2013) Responsiveness is less frequently assessed than reliability and validity. Cleland and colleagues assessed the validity of the GPAQ when estimating changes in physical activity and sedentary behaviors over 3 to 6 months (Cleland et al., 2014). Participants worn an accelerometer (ActiGraph GT3X+) for seven days and completed the GPAQ on day 7, on two occasions, with an interval of 3 to 6 months. The extent of change from the first measurement (T1) to measurement 2 (T2) was assessed as the difference in moderate-to-vigorous physical and total sedentary time between measures at T1 minus T2. Spearman's rho coefficient was calculated to assess correlation between the change scores derived from the two instruments (i.e. accelerometer and questionnaire). Results for agreement in change over time showed moderate correlation (r = 0.52, p = 0.12) for moderate-to-vigorous physical activity and poor correlation for total sedentary time (r = -0.024, p = 0.916) (Cleland et al., 2014).

Summary

In population-based studies, questionnaires are often preferred due to their ease-of-use, relatively low costs, and low participant burden. Three types of questionnaires can be differentiated by their purposes and time to complete: Global questionnaires (best suited for use in surveillance system where the number of items is limited by space constraints), Short-term recall questionnaires (provide somewhat detailed information of activities performed in the past week or month), and Quantitative history recall questionnaires (collect detailed information of one's physical activity in the past year, or during one's lifetime). Ideally, the questionnaire must be reproducible, valid, and responsive. Important variability has been reported in validity and reliability of physical activity and sedentary behaviors questionnaires. Overall, good test-retest reliability and low validity in measuring time spent in physical activity and sedentary behaviors with questionnaire are frequently reported.

Public health surveillance

Definition and concepts

Surveillance is a key element for public health policy making. The World Health Organization (WHO) defines public health surveillance as "the continuous and systematic collection, orderly consolidation and evaluation of pertinent data with prompt dissemination of results to those who need to know, particularly those who are in a position to take action". Public health surveillance data are used to identify immediate public health priorities, plan public health strategies and actions, determine whether these actions are effective, and develop public health research (Macera et Pratt, 2000, Lee, 2010).

A good public health surveillance system must respect a number of principles, enumerated by

German et al. (2001):

Acceptability Individuals and organizations must be willing to participate. This is largely dependent of the time and effort required to participate.

Flexibility

The method used for surveillance must be flexible enough to accommodate changes in operating conditions or information needs with little additional cost in tome, personnel, or funds (for example, to adapt to changes in physical activity guidelines).

Simplicity refers to the ease of operation of surveillance as a whole and of each of its components (e.g., how easily case definitions can be applied or how easily data for surveillance can be obtained). The method for conducting surveillance typically should be as simple as possible while still meeting its objectives.

Data quality reflects the completeness and validity of the data used for surveillance, where validity refers to how well surveillance data are measuring what they are intended to measure.

Representativeness refers to whether the data are representative of the population (are the participants different from the overall population?).

Sensitivity refers to the ability of the surveillance to accurately identify participants according to the health outcome of interest, and to detect changes over time.

Specificity refers to the ability of the surveillance to accurately exclude participants according to the health outcome of interest.

Stability refers to the reliability of the methods for obtaining and managing surveillance data and to the availability of those data. Timeliness refers to the availability of data rapidly enough for public health authorities to take appropriate action. Any unnecessary delay in the collection, management, analysis, interpretation, or dissemination of data for surveillance might affect a public health agency's ability to initiate prompt intervention or provide timely feedback.

Objectives of public health surveillance

Public health surveillance constitutes an important public health activity since it helps in identifying health needs through data collection, and contributes to decision making and actions by analyzing and interpreting data and communicating key results. A health problem must be well defined before it can be solved. Without a proper understanding of the health problem, it would be difficult to ameliorate the health issue. Surveillance systems generate data that help public health officials understand the health issues and plan actions to prevent and control the health hazards [START_REF] Berkelman | Public health surveillance. Oxford textbook of public health[END_REF].

Data disseminated by a public health surveillance system can be used for immediate public health action, program planning and evaluation, and formulating research hypotheses [START_REF] German | Evaluation of the National Nutrition and health Programme PNNS2 2006-2010[END_REF]. For example, data from a public health surveillance system can be used to:

-guide immediate action for cases of public health importance; -measure the burden of a disease (or other health-related event), including changes in related factors, the identification of populations at high risk, and the identification of new or emerging health concerns; -monitor trends in the burden of a disease (or other health-related event), including the detection of epidemics (outbreaks) and pandemics; -guide the planning, implementation, and evaluation of programs to prevent and control disease, injury, or adverse exposure; -evaluate public policy; -detect changes in health practices and the effects of these changes; -prioritize the allocation of health resources; -describe the clinical course of disease; -provide a basis for epidemiologic research.

Surveillance systems can be developed to collect data on various outcomes, including communicable diseases, non-communicable diseases (NCDs), environmental factors and health-related behaviors. Depending on the public health objectives, the actions required to reach these objectives require different surveillance systems (WHO, 2017). For example, if the objective is to prevent the spread of epidemics of acute infectious diseases, such as severe acute respiratory syndrome, then the system must provide rapid early information. If the objective is to prevent communicable diseases, surveillance systems usually collect information every one to five years. The principle is that different objectives require different systems, providing different data. Surveillance systems should have clear objectives of how data will be used to define how data must be collected and analyzed [START_REF] Nsubuga | Public health surveillance: a tool for targeting and monitoring interventions[END_REF].

Types of surveillance systems

Public health surveillance data are collected in many ways, depending on what information is needed and how it will be used. Among the commonly used one are:

Vital Statistics. Keeping records of the number of births and deaths has been long used as indicator of overall population health. Infant mortality rate (the 5 number of deaths among infants per 1,000 births) is also used as risk factor for a variety of adverse health outcomes [START_REF] Hetzel | US vital statistics system[END_REF].

Registries. Registries are a simple type of surveillance system used for particular conditions (e.g., cancer or birth defects). They are often established at a state level to collect information about the number of people diagnosed with certain conditions and are generally used to improve prevention programs [START_REF] Allemani | Global surveillance of cancer survival 1995-2009: analysis of individual data for 25 676 887 patients from 279 population-based registries in 67 countries (CONCORD-2)[END_REF].

National Passive Surveillance. National Passive Surveillance consists in the regular reporting of disease data by all institutions that see patients, therefore it relies on an extensive network of health workers. Once the data have been received, they must be compiled and then analysed to monitor disease patterns and identify possible outbreaks. Passive surveillance involves the regular collection and reporting of surveillance data and is the commonest method used to detect vaccine-preventable diseases (WHO, 2008).

National Active Surveillance. Active surveillance involves visiting health facilities, talking to health-care providers and reviewing medical records to identify suspected cases of disease under surveillance. This method is usually used when a disease is targeted for eradication or elimination, when every possible case must be found and investigated. It is also used for outbreak investigations [START_REF] Vogt | Comparison of an active and passive surveillance system of primary care providers for hepatitis, measles, rubella, and salmonellosis in Vermont[END_REF]WHO, 2008).

Sentinel Surveillance. A sentinel surveillance system is used when high-quality data are needed about a particular disease that cannot be obtained through a passive system. Sentinel systems involves only a limited network of carefully selected reporting sites. Selected reporting units, with a high probability of seeing cases of the disease in question, good laboratory facilities and experienced well-qualified staff, identify and notify on certain diseases. When properly implemented, sentinel-based systems offer an effective method of flexible monitoring with limited resources. While these systems are very effective in detecting large health problems, they may be insensitive to rare events (e.g., emergence of a new disease) (WHO,

2008).

Population Surveys. Population surveys are surveillance tools that are generally repeated on a regular basis and can be very useful in monitoring chronic diseases and health-related behaviors. Surveys require a clear definition of the target population to which the results can be generalized. In addition, to avoid bias, the sample size needs to be adequate to the health condition under surveillance (i.e., rare conditions require substantial samples) [START_REF] Birkhead | State and local public health surveillance[END_REF].

Population surveys are of particular interest in the context of this thesis as they effectively enable surveillance of physical activity and sedentary behaviors. For example, the United States Behavioral Risk Factor Surveillance (BRFSS) consists in repeated surveys that measure selfreported chronic health conditions and behaviors that are known to cause disease or injury such as tobacco, alcohol use, or physical inactivity, and use of preventive healthcare services (www.cdc.gov/brfss/). By interviewing more than 400,000 adults each year, the BRFSS is the largest continuously conducted health survey system in the world. Because the aim of many intervention program strategies is to prevent disease by preventing unhealthy behavior, population surveys provide a direct measure of their effect in the population. Population surveys are useful for providing timely measures of program effectiveness for noncommunicable disease interventions [START_REF] Nsubuga | Public health surveillance: a tool for targeting and monitoring interventions[END_REF].

Historical overview of WHO non-communicable diseases surveillance

Historically, infectious diseases have been the primary subject of surveillance systems, but over the last 30 years surveillance of NCDs has become a priority with the growth of NCDs globally [START_REF] Declich | Public health surveillance: historical origins, methods and evaluation[END_REF]WHO, 2011;[START_REF] Chaud | De la surveillance en santé publique à la veille sanitaire: historique, principes et organisation[END_REF]. The increasing burden of NCDs 9. An 80% availability of the affordable basic technologies and essential medicines, including generics, required to treat major noncommunicable diseases in both public and private facilities. This framework aimed to drive progress in prevention and control of NCDs and provided the foundation for advocacy, raising awareness, reinforcing political commitment and promoting global action to tackle these deadly diseases. Key elements in controlling and preventing NCDs are identification, prevention and control of the major common risk factors. The objectives of surveillance of NCDs and their risk factors are therefore to: collect consistent data across and within countries; develop standardized tools to enable comparisons over time and across countries/sites; prevent chronic disease epidemics before they occur; help health services plan and determine public health priorities; predict future caseloads of chronic diseases; and monitor and evaluate population-wide interventions.

Early 2000s, WHO has developed a tool for surveillance of NCDs and their risk factor, named the WHO STEPwise approach (WHO, 2005). The WHO STEPwise approach is a standardized 2

Indicators associated with global target number 3 are: Prevalence of insufficiently physically active adolescents, defined as less than 60 minutes of moderate to vigorous intensity activity daily and age-standardized prevalence of insufficiently physically active persons aged 18+ years (defined as less than 150 minutes of moderate-intensity activity per week, or equivalent). method for collecting, analyzing and disseminating data on the established risk factors in WHO member countries. The STEPwise approach is characterized by 3 steps of data collection:

Step 1. Gathering demographic and behavioral information by questionnaire in a household setting;

Step 2. Physical measurements in a household setting;

Step 3. Taking blood samples in a clinic.

Within each

Step, there are three levels of data collection. The implementation of each step depends on what can realistically be accomplished (financially, logistically and in terms of human and clinical resources) in each country setting. Table 5 provides a good illustration of the conceptual framework underlying STEPS. By using the same standardized questions and protocols, all countries can use STEPS information not only for monitoring within-country trends, but also for making comparisons across countries. Table 5. Illustration of the conceptual framework underlying the WHO STEPwise approach (from WHO, 2005).

Core items Expanded items Optional modules

Step 

Surveillance of physical activity and sedentary behaviors

Surveillance of physical activity and sedentary behaviors in the general population is a necessity to estimate how much the population engage in these behaviors, and to appreciate these results with regard to the recommended targets and the prevalence of health conditions linked to physical inactivity and sedentary behaviors (WHO, 2011). By doing so, surveillance allows to elaborate national policies and to evaluate the efficiency of current strategies in promoting physical activity and preventing sedentary behavior. January 2010, and results from the merging of the French Food Safety Agency, and the French Agency for Environmental and, Occupational Health Safety. Anses is now in charge of their previous missions and ensure human health and safety with regard to the environment, the workplace and food. In doing so, Anses has a major role in health monitoring, vigilance, and alert.

Worldwide surveillance

International calls for surveillance

National studies measuring physical activity and sedentary behaviors

As part of their mission, these different establishments have implemented national studies including questions on physical activity and sedentary behavior. Since more than 25 

Summary

Surveillance of physical activity and sedentary behaviors levels and patterns is important for the effective implementation of actions, as well as for the definition and evaluation of strategies and policies. Strengthened by international strategies and plans, global surveillance initiatives have been implemented in the past 15 years and showed that physical inactivity is highly prevalent at all age groups and in all region of the world. So far, 139 countries have participated in the Global Observatory for Physical Activity, from which 90.6% had at least national survey with physical activity questions for adults and 38 countries participated in the Global Matrix 2.0 on children and adolescents. These international studies report a prevalence of physical inactivity of 23.3% among adults aged 18 and older, and between 61-80% among children and adolescents aged 0-17 years.

There is no consensus about what is the optimal system for surveillance of physical activity and sedentary behaviors. Therefore, each country implements different surveillance systems, as illustrated with examples from Canada, United Sates, Australia end Belgium. In France, three main institutions have been implemented national surveillance studies of physical activity and sedentary behaviors. French surveillance studies have been the focus of the first study composing this thesis.

Chapter 3

Personal contributions

To contribute to the measurement and surveillance of physical activity and sedentary behaviors, this thesis relied on 4 studies. Two studies have been published in international peer-reviewed journal, and 2 have been submitted in international peer-reviewed journal. The four studies fold into one of the two research axes of this thesis as presented below. 

Introduction

Surveillance is a key element for public health policy making. The World Health Organization (WHO) defined public health surveillance as "the continuous and systematic collection, orderly consolidation and evaluation of pertinent data with prompt dissemination of results to those who need to know, particularly those who are in a position to take action". Public health surveillance data are used to identify immediate public health priorities, plan public health strategies and actions, determine whether these actions are effective, and develop public health research. 1,2 Being a major determinant of health and well-being, and in regards to the burden of noncommunicable diseases associated with insufficient physical activity levels and too much sedentary behaviors (SB), a stand-alone physical activity (PA) strategy for the European Region has been recently developed. The 2016-2025 European Strategy on PA identify 5 priority areas, from which one is supporting action through monitoring and surveillance. There is currently a consensus on the need for harmonized surveillance systems providing more comparable data across European countries, and to identify trends and regional variations in PA and SB.

The Global Observatory for Physical Activity (GoPA!), was established in 2012, as a Council of the International Society of Physical Activity and Health, to provide each country information in the areas of surveillance, policy and research. A recent paper presents the results from the first round of data collection by GoPA!, 3 which have also been published as the "1 st Physical Activity Alamac". The results from this work are encouraging as 90.6% of the 129 included countries had at least 1 national survey with questions on PA. Similarly, initiated by the Active Health Kids Global Alliance, a Global Matrix of 9 common indicators has been published, with participation from 38 countries on 6 continents. 4 The indicators include overall PA levels, organized sports participation, active play, active transportation, SB, family and peers, school, community and built environment, and government strategies and investments. For each indicator, a grade ranging from A for excellent, to F for failing is proposed. Average grades for both overall PA and SB across the countries were D, meaning that in average less than half of children and adolescents met PA guidelines, and SB or screen-time guidelines (20-39%).

These international initiatives show a promising trend toward a global surveillance of PA, yet the implementation of reliable surveillance systems is hard and complex work, and results on national and international prevalence of physical inactivity should be interpreted carefully.

In this paper, we aim to take a step back from the results of such international report and to shed light on the complexity and possible limitations of PA and SB surveillance, by describing French national surveillance studies. This paper presents findings on the prevalence of PA and SB in France, and discusses measurement issues.

Material and methods

National experts of physical activity and public health gathered to discuss the current state of French surveillance studies including questions on physical activity and sedentary behaviors. Two of them have contributed to the implementation of such national studies.

In this article, PA was considered as "the behavior that involves human movement, resulting in physiological attributes including increased energy expenditure"; 5 and SB as "any waking behavior characterized by an energy expenditure ≤ 1.5 METs while in a sitting, reclining or lying posture". 6 From a public health perspective, the article focused only on national studies measuring PA and SB, as defined previously, in the French metropolitan population of all ages, and aiming to compare PA For each study, used measurement tools were described as well as main results. In addition, information on validity and test-retest reliability of the measurement tools were presented. of vigorous-intensity physical activity on 3 or more days of the week, or 30 minutes of moderateintensity physical activity at least 5 days a week). Finally, the questionnaire used with children aged 6 and under doesn't provide estimate of PA levels.

Results

Measurement tools

Questionnaires' content

Questionnaires' validity

All questionnaires used in the 6 studies rely on the respondent's ability to recall PA and SB during a defined period in the past. In order to be able to properly interpret the results from a questionnaire, it is necessary to know its validity and reliability; in other words, we must understand how well it measures PA and SB and ensure it produces the same results when administered to the same person multiple times under similar conditions. 13 The IPAQ-SF and GPAQ have been extensively tested and validated at an international level. They both have been developed to standardized surveillance of PA and facilitate international comparison between countries. 14 A review including 23 studies testing the validity of the IPAQ-SF showed that it tends to overestimate PA as compared with objective measurement, 15 with a mean difference between the 2 instruments of 84% in estimating the amount in PA; however, it has not been tested in France. As for the reliability, Craig and colleagues tested the IPAQ-SF in 12 countries and reported Spearman's correlation from 0.66 to 0.88 for total PA, and from 0.50 to 0.95 for total sitting time. 16 In France, Spearman's correlation coefficients ranging from 0.18 to 0.50 have been reported . 17 The GPAQ has been tested in 6 countries against pedometers among a total 1507 adults . 18 This study found correlation coefficients for estimate of total PA time between the 2 instruments ranging from 0.06 to 0.35. The GPAQ has been recently tested in France among adults ; 19 it showed acceptable reliability with intra class correlation ranging from 0.58 for total PA to 0.80 for total sitting time, but only poor validity with a mean underestimation of -443±157 minutes/week of total PA and -251±161 minutes/day of total sitting time when measured with GPAQ as compared with accelerometers. Bull et al. compared total PA between GPAQ and IPAQ-SF in 9 countries. 18 They showed great disparity, with a correlation between the 2 questionnaires ranging from 0.23 to 0.92 (sample size, n=2657). The RPAQ is a recent questionnaire, which has firstly been tested in England against doubly labeled water technique and combined heart rate and movement sensing, with 51 adults. 20 This study reported correlation coefficient of 0.67 for total energy expenditure, 0.39 for PA energy expenditure, 0.70 for vigorous PA time, and 0.27 for sedentary time. Reliability of the RPAQ was assessed by administering twice the questionnaire 2 weeks apart, in an independent sample of 131 adults; the intra class correlation coefficient for reliability of total PA energy expenditure was 0.76. Following this study, the validity of the RPAQ has been tested among 1923 adults from 10 European countries, including France (French population consisted of 174 women only). 21 This study tested the RPAQ against combined heart rate and movement sensing, and found in the French population that the questionnaire underestimated moderate to vigorous PA, with a median difference of -17,1 minutes/day, and sedentary time, with a median difference of -3.7 hours/day. To our knowledge, no information is available about the reliability of the RPAQ in France.

As for youth, the YRBS has been tested among 125 American students aged 12.7±0.6, against accelerometers. 22 The questionnaire seemed to underestimate by 70% the proportion of students doing at least 30 minutes/day of moderate PA, at least 5 days a week. Conversely, it overestimated by 60% the proportion of students doing at 20 minutes/day of vigorous PA, at least 3 days a week. This study also showed moderate reliability of the questionnaire, when administered 6 days apart, with an intra class correlation coefficient around 0.50. The IPAQ-SF has also been tested among Norwegian adolescents aged between 13 and 18 against an activity monitor sensitive to body position and acceleration, 23 and showed low Spearman correlation ranging from 0.01 and 0.43. The questionnaire was administered twice, 8 to 12 days apart, and showed low to substantial intra class correlation coefficient from 0.10 to 0.62 for frequency and duration of PA. From all 3 questionnaires used in France, only the questionnaire developed by Usen has been tested in France (against accelerometer), but to our knowledge the results haven't been published yet.

Physical activity and sedentary behavior in France

Physical activity and sedentary behavior of adults

The GPAQ, IPAQ-SF and RPAQ5 enable to estimate the participant's level of PA based on the frequency, duration, and intensity of the reported physical activities. Three categories of PA levels are proposed to classify the participant:

 'high': this category describes higher levels of participation. It equates to approximately at least 1 hour per day or more, of moderate-to vigorous intensity PA.

 'moderate': this category is defined as a level of PA equivalent to half an hour of at least moderate-intensity PA on most days, which is equivalent to the minimum level of PA for meeting the WHO recommendations on PA for adults. 24  'low': this category is defined as not meeting any of the criteria of the other 2 categories.

Using these 3 questionnaires, French national studies showed that between 61.3% (2015 Esteban study) to 79% (2005 Health Barometer) of the adult population met the recommendations on PA (see Table 1). In the INCA2 study, 75.3% of the population aged between 15 and 79 met the met the recommended PA levels. Other studies showed that 39% (ENNS) and 48% (Inca 2) of youth aged 3 to 10 years engaged in organized sporting activities outside of school, and 67% (ENNS) and 41% (Inca 2) used active transportation to go to school. Among adolescents aged 11 to 14, 60% reported engaging in at least 150 minutes of at least moderate PA per week (ENNS) and in average, they engaged 2 days per week in at least 30 minutes of moderate PA and 2 days per week in at least 20 minutes of vigorous PA (Inca 2).

Discussion

While in France sporting activities have been surveyed for a long time now, the measurement of PA and SB in regards to the recommendations has not been implemented before the 2000s. 25 France, as many other Europeans countries is facing great challenges in implementing ongoing and standardized surveillance of PA and SB. 26 Surveillance is crucial to understand how people of different groups (by age, sex, socioeconomic status) engage in PA and SB, to identify their determinants, and to estimate the percentage of the population meeting the recommendations and track how it changes over time. 27 Overall, questionnaires used in national studies showed at best weak to moderate validity, but they showed acceptable reliability and their psychometric properties are comparable to those find in the scientific literature. 28 One of the main limitations of the French national studies lies in the modifications, small or big, made in the questionnaires. In 1987, it was already reported that, even a slight modification in the items of a questionnaire could induce substantial changes in the results. 29 As a consequence, the use of different questionnaires, as well as the modifications made, impair interstudies comparison, and thus to survey changes over time. Broadly speaking, we should consider that questionnaires may not be optimal measurement tools to estimate prevalence of PA as they lack precision. Among a sample of 144 Nigerian adults, the sensitivity of the IPAQ-SF to identify insufficiently active people was correct (76.2%), but the specificity to classify sufficiently active people was low (33.3%), when compared with accelerometers. 30 Conversely, in a sample of 185 adults, the IPAQ-SF was better to classify those who met the recommendations on physical activity (specificity of 77%), whereas only 45% (sensitivity) of those not meeting the recommendations were classified correctly. 31 These findings, although contradictory, are not surprising as self-report measures of PA have been shown to be both higher and lower than directly measured PA. 32 Such discrepancies are observed in French national studies, as the prevalence of physical inactivity range from 20.6% to 36.8% between 2005-2007, while the same questionnaire was used. 9,33 It seems clear that the accuracy of questionnaires in quantifying PA is too low to be used in surveillance studies with the purpose of measuring current and changing PA levels. In 2003, RJ Shephard wrote that "despite extensive use over 40 years, physical activity questionnaires still show limited reliability and validity", and more than a decade later we still seem to be unable in improving questionnaires' reliability and validity. 28 Recall of PA is mentally challenging. Despite the call of leading experts for using cognitive psychology methods when designing questionnaires to improve the recall process, little if any work has been done, which might explain that the accuracy of questionnaires has not improved over years. 34,35 Historically, international studies interested in PA and health used to focus on self-reported leisuretime PA. 36,37 Therefore, recommendations on PA are mostly based on the dose-response relationship observed between leisure-time PA as measured with questionnaires, and health-related outcomes. 38 It has since been suggested to broaden the concept of PA beyond traditional sports-related physical activity as it may under represent the PA level of one individual. 39 In current surveillance studies, PA in different settings (home, work, transportation, leisure) is measured with questionnaire, and defacto total time engaged in PA is more important than when measuring leisure-time physical activity only.

As a consequence, it has been suggested that the 'moderate' category of IPAQ and GPAQ may not be high enough to represent a level of PA leading to substantial health benefits, and the 'high' category would be more appropriate. 40 Investigators of health Barometers and INCA2 study, decided to use the 'high' category from the questionnaires to express a level of PA equivalent to a healthenhancing level of PA. They reported that only 45.7, 42.5 and 44.8% of adults met the recommendations on PA, in Health Barometer 2005, Health Barometer 2008 and Inca 2 respectively, against 79.4, 66.9 and 75.3% when using the 'moderate' and 'high' categories. Inversely, ENNS made the decision to use the 'moderate' plus "high" category, as it seems equivalent to the recommendations. However, in a public health perspective for promotion of health-enhancing physical activity, the category 'high' might be a better indicator to represent a sufficiently high level of physical activity when measuring all contexts of physical activity with questionnaires such as IPAQ, GPAQ, and RPAQ. Interestingly, we observed a trend toward a more comprehensive measurement of PA and SB in adult population. The first studies (Health Barometer in 2005, INCA2, and ENNS in 2006-2007) used the IPAQ-SF, which, at that time, was recommended in an attempt to harmonized PA surveillance in population aged 15 and over. 16 However, the IPAQ-SF, doesn't measure any contextual information on PA, nor SB, thus a WHO working group developed and released the GPAQ in 2006, 14 which was then used in the Health Barometer in 2008. GPAQ indeed measure PA in different settings (work, home, leisure, transportation), but only measure overall sitting time during a typical day. In the last national studies, the RPAQ was preferred as it measures both PA and SB in different settings.

Conversely, none of the questionnaires used among children and adolescents measure PA and SB with as much information as the RPAQ. The questionnaire developed by Usen and the YRBS, in their original (ENNS and Inca 2) or modified forms (Inca 3 and Esteban), don't allow to report as much information on type and setting of PA. Similarly, they only measure screen time (TV, video games, computer), which represents only a part of sedentary. Lastly questionnaires used among children and adolescents aged 15 and under make it difficult to estimate the prevalence of youth meeting the recommendations.

Even though surveillance studies mainly rely on questionnaires, today's technology allow the use of objective measurement in large-scale studies. Objective measurement, such as accelerometers, enable the accurate quantification of body movement while removing measurement error related to participant's recall. 41 A recent inventory of surveillance systems assessing PA in Europe reported that, although all surveys used questionnaires, seven combined questionnaires with accelerometers. 42 However, accelerometry is not the silver bullet we could hope for. Pedisic & Bauman reported numbers of factors limiting the use of accelerometers in population-based study. 43 Issues identified by authors revolved around the generalizability, validity and reliability of the data, simplicity and affordability of the accelerometers, sustainability and continuity of the surveys, adaptability of the instruments and finally the difficulty of between-study and international comparability.

Accelerometers have better reliability and validity when compared with questionnaires, however they may underestimate total physical activity levels, they can potentially be influenced by participants (when changing the position or shaking the device, intentional non-wearing, altering their habitual behavior), and they don't provide valid data on some common activities such as cycling, resistance and static exercises. In addition, the results from accelerometers are largely reliant on the intensity cut-off points that are being used for the study. As an example, depending on which cut-off point was used, the prevalence of sufficiently active European youth ranged from 3 to 100%. 44 Finally, it should be repeated that accelerometers and questionnaires don't measure the same concept.

Physical activity and sedentary behaviors are complex, multifaceted, and ubiquitous behaviors; making their measurement intricate. For a long time, questionnaires have been the measurement tool of preference; however, it was chosen because of technical reasons (easy to use, low-cost) and not for its intrinsic qualities. Accelerometers are motion sensors and quantify the human movement by measuring acceleration of the body in 1, 2 or 3 axes. Questionnaires collect qualitative information on the behaviors, such as the purpose, the social and physical context, and type of the behavior. 5,28 Whether we use questionnaires or accelerometers should not be based on technical reasons, but rather on what we purport to measure. If the study aims to estimate the prevalence of physical inactivity, then objective measurement is more appropriate, although less easily feasible. However, the recommendations on PA for adults encompass different type of PA, and are not limited to non-aerobic physical activity. Since 2016, French national guidelines includes recommendations on aerobic physical activity, muscle-strengthening exercises, and joint mobility exercises, as well as recommendations on reducing total sedentary time. 45 However, accelerometers do not provide any information on muscle-strengthening exercises or joint mobility exercises, thus questionnaires are more appropriate. In the United states, the Center for Disease Control and Prevention reported that in 2011, 51.6% of adults met the aerobic activity guidelines, 29.3 met the muscle-strengthening guideline, and only 20.6 met both aerobic and muscle-strengthening guidelines; 46 which highlight the importance of measuring all activities. However, few surveillance studies measure the compliance of adults with muscle-strengthening and flexibility guidelines, and the 1 st PA Almanach reports information only on aerobic PA. One possible explanation is that only few questionnaires assessed muscle-strengthening exercises or joint mobility exercises. Although WHO recommends to engage in such exercises, the GPAQ, which is recommended as part of the WHO STEPwise approach, only measures aerobic PA. 47 Thus, it might be asked if WHO should develop and recommend questions to address muscle-strengthening and joint-mobility exercises. Evolving recommendations make it difficult to survey changes over time.

Surveillance systems need to rely on repeated measurement to observe trends in PA and SB, while being sufficiently flexible to adapt to changing information needs. In France, no core questions (standardized set of questions repeated over time) were used. Instead, different questionnaires have been used, impairing any long-term comparison.

Surveillance studies of PA should provide accurate estimate of PA prevalence, and be sensitive enough to track changes over time. Good quality surveillance data are important as they can be used for different purpose by health professionals, researchers, and decision-makers, and must be largely communicated to promote the importance of PA and SB. Currently, the overall data quality remains low, but it could be improved by using the appropriate measurement tools depending on what component of PA the study aims to measure. Nevertheless, the 1st PA Almanach and the Global Matrix are great initiatives to increase awareness of physical inactivity among youth and adults worldwide. 3,4 As for example, over a 10 years period, the Canadian Report Card has achieved more than 1 billion media impressions, distributed more than 120,000 printed copies and more than 200,000 electronic copies. It has been used to bring public awareness in the media, and increase awareness among government and non-government stakeholders; and has been successful at "powering the movement to get kids moving". 48 

Conclusions

Global surveillance report such as the 1 st Almanac on PA and the Global Matrix are powerful advocacy tools. However, measurement issues impair the overall data quality, and limit within-and between-countries comparisons. Because the current situation regarding the measurement of PA and SB is complex, and best practices are unclear, international recommendations on PA and SB measurement should be developed. 11,12 . The Canadian Report Card has resulted in impressive impact on research, policy and practice 12 . In 2014, 15 countries participated in a harmonized exploiting opportunity for comparisons and cross-13 14 . Each report card provides a state-ofactivity level in the country, which can serve to determine the proportion of children reaching the physical activity recommendations, assist in the development of evidence-based physical activity policy, identify research gaps, raise awareness of the importance of physical activity and monitor program effectiveness 15 .

Although lower than in many countries, there has been a clear trend toward an increase in the prevalence of overweight and obesity in French youth 16 . Currently, 15.8% of 7-9 year old French children are overweight and 2.8 % are obese 17 . The primary cause of the rising prevalence of obesity is a disturbed energy balance, with energy intake that exceeds The expert panel first met in March 2016 and then indicators were collectively targeted and assigned to specific members of the panel according their area of interest and expertise.

Grades were discussed and assigned in October 2016 where members of the expert panel presented the available evidence; final grades were then collectively assigned for each indicator once consensus agreement had been reached. The nature and origin of the data sources, the sample size, age range of participants considered, and year of publication were parameters considered to establish the quality of the available data.

Grades were assigned following the framework and benchmarks used by the Active Healthy Kids Global Alliance 13,14 . The grading framework was: A: 81% to 100%, B: 61% to 80%, C: 41% to 60%, D: 21% to 40%, F: 0% to 20%. An incomplete (INC) grade was assigned where insufficient data were available or due to the absence of a suitable benchmark.

Results and Discussion

The grades assigned for the 2016 French Report Card are summarized in Table 1.

Results are discussed herein on a grade by grade basis.

Overall physical activity guideline, the presented data urge us to alert all the concerned stakeholders.

Most of the available data are about 10 years old and have been carried out as part of only one survey 19 and are self-reported data only (nationally representative). There is a clear need for stronger evidence based data at a national level regarding the physical activity level in From 0 to 24 years old, 40% of the population is engaged in a sport club. The age range with the highest participation is between 10 to 14 years old for both boys and girls. The proportion of children with a sport license decreases significantly after 14 years old. Large differences in organized sports participation were seen between gender, and between areas of low-and high-incomes. Overall, only a little more than 1/3 of sports licenses (64%) from 0 to 24 years old are delivered to girls. Close to 40% (39.7%) of the national sport federations have at least 75% of their affiliates as boys. Some of the main federations (>40 000 affiliates from 0 to 19 years old), such as soccer, rugby or cycling have more than 90% of participants being boys.

Active Transportation: D

Close to 40% of the 3-10 years old 18,19 and 30% of the 11-14 years old 19,21 use active transportations to go to school, mainly walking, with however important disparities between 21 .

The proportion of French children cycling to school appear very low (>10%), with large differences between regions, and evidences suggesting that boys are twice more likely to cycle to school compared with girls 19,21 .

Sedentary Behaviors: D

According to the INCA 2 survey, 3 to 17 years old children and adolescents spend about 02:48 hours per day in front of a screen 19 . 26% and 24% of 3 to 10 years old boys and girls devote more than 3 hours a day in front of a screen respectively, 46% and 46% between 11 and 14 years old and 64% and 43% between 15 and 17 years old 19 . Only 17% of the 5-6 years old children spend less than an hour per day in front of a screen during school days, 24% of the 10-11 years old and 43% of the 14-15 years old youth spend more than 3 hours in front of a screen daily 20,22 . This daily screen time is inversely related with the family socio- 19,20,22 .

Family and Peers: INC

Based on the available evidence, it remains today difficult to grade this Family and peers indicator. One study showed that 46% of fathers and 42% of mothers of 12 years old children are regularly engaged in physical activity 23 . In addition, girls and boys were more likely to participate in organized PA when the two parents themselves practiced sports. At the opposite, sedentary behaviors of the parents were associated with sedentary behaviors of the children. Since these data were gathered more than 10 years ago, we are missing recent and accurate surveys considering the effect of parents or siblings and friends physical activity on our kids and adolescents physical activity level. Community and the Built Environment: INC bservar data of cities with more than 50 000 inhabitants, 26% of the urban public roads currently benefit from specific cycling paths, against 21% in 2011 with an increase of 34% of the twoways cycling paths between 2011 and 2013 24 . Almost all the collectivities with more than 50 000 inhabitants have a budget specifically allocated to cycling paths in 2013 24 . Accurate and valuable evidence and data are missing regarding urban parks and leisure areas.

Regarding potential associations between the built environment and physical activity, there is currently a la

Government Strategies and Investment: INC

Currently, there are few specific actions at the national level specifically devoted to the promotion of an active lifestyle in children and adolescents. Santé Publique France, a governmental agency in charge of promotion of health and prevention of health risk, offered in 2016 a Massive Open Online Course (MOOC) designed to provide support for the promotion of physical activity and prevention of sedentary behaviors in youth 25 . Santé Publique France reported that 1512 participants, with a majority of health and physical activity professionals and students attended the 6-week MOOC. Despite these efforts, the available information is today insufficient to clearly evaluate the impact of the government for the promotion of physical activity in youth and there is no coordinated strategy of health-enhancing physical activity promotion. There is a clear gap that will need to be addressed to assess the efficacy of such interventions.

Conclusion

The redaction of the In regards to the very low proportion of children using cycling as a mean of active transportation, there is a need to implement and strengthen cycling policies. Initiatives could include designing and building cycle routes that allow cycling in good conditions of effort and safety, in a time-efficient way to schools, and building bicycle parking near or within schools.

A positive note is the B grade attributed to school-based PA, which indicates that school fulfills its role of providing access to sports and PA to all children.

To conclude, the current RC emphasizes the need to implement national PA promotion programs which appears to be insufficient for indicators such as active transportation, and the Finally, while the redaction of this first French Report Card also gave its expert committee to settle its methodology, the ambition is clearly to develop and improve this process and to join the international Global Matrix. 

Introduction

Physical activity (PA) surveillance is a public health preoccupation and is considered by the World Health Organisation (WHO) as a protective factor for non-communicable diseases. 1 A high PA level is associated with reduced mortality and the occurrence of diseases or their consequences and improved quality of life. 2,3 Because of its therapeutic role, PA is also used as adjuvant treatment in chronic diseases. 4,5 In this context, the measurement of PA is essential to assess strategies promoting PA and to survey and compare PA levels between countries. Questionnaires are the most commonly used instrument in epidemiologic studies to assess PA because they are relatively inexpensive and easy to use both for a large population and in a short time. They can be self-administered, completed during an interview or administered by phone. Many different questionnaires have been developed and used to measure PA, so international comparison is difficult, and overall, their development lacked methodological quality. 6 In the late 1990s, the International Physical Activity Questionnaire (IPAQ) was developed in 2 forms (short form (IPAQ-SF) and long form (IPAQ-LF)) to create national and international comparable and standardized measures of PA. The long form of the IPAQ (31 items) was developed to capture information about domains of PA but has been considered too long and too complex to be used in surveillance studies, while the short form (9 items) does not take into account the domains of PA. 7,8 For PA surveillance, the measurement of PA domains is needed to understand the patterns of PA and to develop interventions. Thus, in order to provide an instrument that would address the limits of these questionnaires, the Global Physical Activity Questionnaire (GPAQ) has been developed by the WHO, as part of the WHO STEPwise approach to survey chronic disease risk factors. It is now recommended by the WHO for national surveillance of PA. 1 Since its development, the GPAQ has been translated into and tested in many languages and is used in many countries. 9-16 In France, the GPAQ has been used to describe and analyse PA and sedentary time of the general population. 17 However, it has not been validated in the French language. Evidence for the validity and reliability of the French version of the GPAQ is needed because the results may be affected by the sociocultural specificities of the country. 18 Rigorous methodology is needed to examine the degree in which an instrument is affected by measurement error (reliability) and measures the construct it intends to measure (validity). 19 Concurrent validity refers to the degree to which the GPAQ measures what it purports to measure, and criterion validity is the degree to which the results of the questionnaire are an adequate reflection of a "gold standard". Because of no satisfying available gold standard measurement for PA behavior, objective measures such as accelerometers and pedometers are commonly used. To appraise the concurrent validity of the GPAQ, a questionnaire measuring the same construct and with similar structure is considered relevant. Even if the IPAQ-LF is more detailed than the GPAQ, it is the most similar in its construct and its structure. For this reason, the IPAQ-LF has been considered relevant to examine the concurrent validity of the GPAQ.

This study aimed to assess the test-retest reliability as well as criterion and concurrent validity of the French version of the GPAQ by comparison with the IPAQ-LF and use of an accelerometer in a general adult population in France.

Methods

Patients and study design

A convenient sample was recruited from January 20, 2015 to April 20, 2015, from the Medicine Campus, University of Lorraine, Nancy (north-eastern France), by posting an advertisement on campus and by e-mailing students and staff. Participants had to be ≥18 years old, working or studying at the Medicine Campus, able to read and understand French, and willing to participate in the study. The study protocol was approved by the Legal representative of the French data protection authority (Commission Nationale Informatique et Libertés) of the University of Lorraine, France. All participants were asked to read and sign a consent form. A ratio of 5 subjects per item was used to determine the number of participants to include. 20 Because the GPAQ contained 16 items, a minimum number of 80 participants was required.

Each subject was invited to participate in a face-to-face interview on Day 0 (D0) and receive all explanations about the study and its purpose from an interviewer. After giving consent, participants answered sociodemographic and anthropometric questions, then completed the GPAQ and IPAQ-LF. Then, the interviewer gave the participant an accelerometer and explained its use. Participants were asked to wear the accelerometer for 7 consecutive days. Eight days after the first interview (D8), participants returned the accelerometer and completed the GPAQ and IPAQ-LF a second time. They were also asked if they had changed their activity during the week of the study as compared to a typical week.

Instruments

We used the French translation of the GPAQ (Version 2.0) 21 to gather information on the time spent in moderate and vigorous PA and in sedentary behavior. At the WHO level, the GPAQ has been translated in French by a professional translator, and back-translated by 2 independent technical experts. The versions were then compared, and where discrepancies existed, these were discussed and a consensus was found. The GPAQ contains 16 items designed to assess the frequency and duration of PA in 3 domains: during work, transportation, and leisure time as well as time spent sitting during a typical week. It distinguishes PA duration by min/day and min/week for each PA domain, which allows for calculating the energy expenditure scored in metabolic equivalent tasks (METs). One MET corresponds to resting energy expenditure. According to duration and energy expenditure, PA level was classified as low, moderate, and high.

The French IPAQ-LF was used to test the concurrent validity of the GPAQ. It contains 27 items designed to assess the frequency and duration of PA in 4 domains: during work, transportation, household activities, and leisure time, then time spent sitting. 22 The IPAQ-LF scores PA in terms of energy expenditure (MET), intensity (low, moderate, high, and sedentary), and duration (min/day, min/week).

The ActiGraph accelerometer, model GT3X+ (ActiGraph, Pensacola, FL, USA), was used as the criterion measure. The device is worn at the waist and measures and records the changes in acceleration and deceleration movements in 3 axes (anteroposterior, superio-inferior, and medial side). Data for measuring acceleration and deceleration are stored in non-volatile flash memory and can be read by using ActiLife software. Accelerometer data were scored using ActiLife 6 Data Analysis Software (ActiGraph) to assess time spent at various PA intensity levels (moderate and vigorous in min/day). Freedson's Adult VM3 (2011) cut-off points were used to determine several PA levels: light, 0-2690 counts per minute (CPM); moderate, 2691-6166 CPM; vigorous, 6167-9642 CPM; and very vigorous, 9643-∞ CPM. Minutes spent at each intensity level were averaged across valid days. Non-wear periods were identified as 60 consecutive minutes with no movement data o (0 counts). 23 All calculations were based on 60 s epochs; an epoch is a userdefined time-sampling interval used to filter the acceleration signal. In this study, we used 7-days PA questionnaires, so only data with ≥10 h of wear time per day for ≥7 days were considered valid and included in the analysis. 24,25 Sociodemographic data such as age, sex, and education (high school or higher education) and socioprofessional status (student or staff) were collected. Anthropometric data including height (in cm) and weight (in kg) were reported by each participant for calculating body mass index (BMI, kg/cm 2 ), then participants were classified by BMI level: underweight (BMI <18.5 kg/cm 2 ), normal weight (18.5-24.9 kg/cm 2 ), overweight 25.0-29.9 kg/cm 2 ), and obese (>30 kg/cm 2 ). All data (except accelerometer data directly transferred into ActiLife software) were entered into an electronic case report form (CRF) created with Epidata 3.1 (The EpiData Association, Odense, Denmark).
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Statistical analysis

Data analysis involved use of SAS 9.4 (SAS Inst., Cary, NC, USA). Qualitative variables were reported as relative frequency and quantitative variables as mean ± SD or median. The Kolmogorov-Smirnov test was used to assess the normality of data distribution. For participants who declared changing their PA, paired Student's t test was used to evaluate the difference in total PA between the 2 visits. Because the activity measured by the GPAQ includes work and household activities, it was compared to the sum of work and household PA measured by the IPAQ-LF.

Test-retest reliability was tested by the kappa coefficient for categorical data and the intraclass correlation coefficient (ICC) for quantitative data. Spearman correlation was also calculated for quantitative data to compare with previous studies. 11-14 Non parametric correlation coefficient was used because of non-Gaussian distribution for most of PA-score. For one of the GPAQ's question, one answer modality was overrepresented and the correlation was not concordant with the observed agreement (when visualizing the data, the agreement seems good but it was not observed when assessed with ICC and Spearman correlation). Thus the variable was converted into a discrete variable, and the prevalence-adjusted and bias-adjusted kappa (PABAK) was used to assess the agreement. 26 Concurrent validity was examined by comparing data for the GPAQ and IPAQ-LF at D0 and D8 19 with the Spearman correlation coefficient and its 95%CI for quantitative data and the Phi coefficient for qualitative data. Criterion validity was examined by comparing minutes of PA obtained with the GPAQ to accelerometer-obtained data at D8 by the Spearman correlation coefficient and its 95%CI.

Both the concurrent and criterion validity of the GPAQ were assessed by Bland-Altman plots to measure the agreement and bias for total PA and sedentary time between questionnaire's answers and results from accelerometer. 27 Correlation assesses the degree to which 2 variables are related. However, a high correlation does not necessary imply that there is good agreement between the 2 methods. Thus, Bland-Altman was used to quantify the agreement between 2 measurements by plotting the difference between the 2 measurements against the average obtained with each of the 2 methods.

Kappa and Phi coefficients were classified by the ratings suggested by Landis and Koch: 28 poor, <0.00; slight, 0.00-0.20; fair, 0.21-0.40; moderate, 0.41-0.60; substantial, 0.61-0.80; and almost perfect, 0.81-1.00. ICC and Spearman correlation <0.50 were considered as poor, between 0.50 and 0.75 as moderate, and >0.75 were as good. 29 

Results

Participant characteristics

In total, 92 subjects participated in the study (mean age 30.1 ± 10.7 years, range 19-58 years; 67 (72.8%) females); 56.5% were students, 95.6% had higher education, 9.8% had chronic disease, and 76.9% had normal BMI (Table 1). Overall, 25% of participants declared having changed their activity between the 2 visits, but the difference between the total PA means measured by the GPAQ was not statistically significant (p = 0.49).

Descriptive statistics for the GPAQ, IPAQ, and accelerometer

All descriptive statistics for GPAQ, IPAQ, and accelerometer are presented in Table 2.

Test-retest reliability

The ICCs ranged from 0.37 to 0.94, with the highest ICC for vigorous leisure PA. Only total vigorous and vigorous leisure PA showed good reliability, whereas all other PA scores were poor to moderate, with the lowest value for moderate leisure PA(ICC = 0.37, 95%CI: 0.15-0.56). A good reliability for total sitting time was also observed (ICC = 0.80, 95%CI: 0.69-0.87) whereas it was moderate for total PA (ICC = 0.58, 95%CI: 0.40-0.72). For PA level, the kappa coefficient showed moderate to substantial correlation, varying from 0.50 to 0.62 for moderate and low PA levels, respectively. For vigorous activity at work, the GPAQ showed an almost perfect reliability (PABAK = 0.91). Except for total PA, with ICC = 0.58, 95%CI: 0.40-0.72 and Spearman's r = 0.82, 95%CI: 0.72-0.88, most Spearman values were similar to the ICC (Table 3). 

Concurrent validity

For both measurement times, we observed good correlations between the GPAQ and IPAQ for vigorous activity during leisure, total vigorous activity, and sitting time (r = 0.76-0.89) (Table 4). The values at D0 and D8 seemed almost identical, but important discrepancies were observed between vigorous work at D0 (r = 0.58, 95%CI: 0.43-0.70) and at D8 (r = 0.81, 95%CI: 0.73-0.87). Overall, total PA showed moderate Abbreviation: GPAQ = global physical activity questionnaire; IPAQ = international physical activity questionnaire; MET = metabolic equivalent task; n/a = not assessed by the questionnaire; PA = physical activity. Overall, the classification by level of PA with the 2 questionnaires, at both times, was only poorly to moderately correlated, with a Phi coefficient ranged from 0.22 to 0.57.

Criterion validity

Accelerometer data were considered valid for 87 of the 92 participants (5 participants did not wear an accelerometer for at least 10 h per day over 7 days). Criterion validity was assessed by comparing total PA time spent in vigorous-intensity activity, or in moderate-intensity activity, or sitting per day reported with the GPAQ and derived from accelerometer counts. Poor but significant correlations for sedentary time (r = 0.42, p < 0.01) and total vigorous PA (r = 0.38, p < 0.01) were observed (Table 5).

Bland-Altman findings revealed that the GPAQ underreported total PA, with a mean difference between the GPAQ and accelerometer data of 443.95 ± 157.46 min/week (Fig. 1B,D). Limits of agreement for the 2 instruments were wide, with the difference between 286.5 and 601.3 min/week GPAQ underestimated sedentary time as compared with the accelerometer, with a mean difference between the 2 instruments of 251.2 ± 161.1 min/day. Limits of agreement for the 2 instruments ranged from 90.1 to 412.3 min/day.

Discussion

This study provides results, for the first time in a French population, for the reliability and validity of the GPAQ. For reliability, we found poor to good correlation, with highest value obtained for vigorous leisure PA, which indicates the stability of this type of PA. This result is consistent with the findings by Matthews et al. 30 who observed no significant variation in vigorous leisure time activity over 1 year in 580 healthy adults. 30 Overall, our results are comparable to other studies testing the psychometric properties of the GPAQ. Herrmann et al. 13 demonstrated short-and long-term reliability with ICC values from 0.54 to 0.92. Bull et al. 11 reported test-retest correlation coefficients from 0.67 to 0.81 and kappa coefficients from 0.67 to 0.73 for pooled data.

Whereas Bull et al. 11 and Herrmann et al. 13 showed a poor to moderate correlation between the GPAQ and IPAQ (with coefficients from 0.45 to 0.57 and 0.26 to 0.63, respectively), our results indicate a poor to good concurrent validity. A reason of this difference could be the use, by the former studies, of the IPAQ short-form (IPAQ-SF) as compared with our use of the long form. Unlike the GPAQ and IPAQ-LF, which measure PA in different domains, the IPAQ-SF measures overall PA duration and frequency, which may explain the differences. In measuring the concurrent validity of the GPAQ, the IPAQ-LF may be more relevant than the IPAQ-SF. However, despite an acceptable concurrent validity, the agreement between the GPAQ and the IPAQ-LF to classify participants by PA levels was only poor to moderate (Phi coefficients 0.22 to 0.57), with the highest agreement attributable to high PA level. In addition, the Bland-Altman analysis revealed wide discrepancies in total PA measured by the 2 questionnaires, with a mean difference of 637.2 ± 1641.5 MET min/week. A possible explanation could be that the IPAQ-LF contains detailed items dedicated to household activities, whereas in the GPAQ, household activities are included in work activities. Also, the IPAQ-LF measures time spent walking, which is not considered by the GPAQ if it is not brisk walking (considered moderate activity). These differences may explain the gap in total PA measured by the 2 questionnaires. These results indicate the difficulty in comparing different questionnaires and thus the need to use the same questionnaire in a population surveillance study to be able to interpret the pattern of PA over the years.

A poor criterion-related validity for the GPAQ as compared with accelerometer data was shown. These results are comparable to Cleland et al. 12 and Bull et al., 11 who demonstrated correlations with accelerometer data ranging from 0.19 to 0.48 and -0.20 to 0.40, respectively, whereas results from Hoos et al. 14 showed correlations from 0.32 to 0.52. According to Bland-Altman analysis, the GPAQ seems to underestimate total PA as compared with the accelerometer. This finding can be explained by the GPAQ including only PA that lasts at least 10 min, whereas the accelerometer measures all activities regardless of duration. This result was already found in studies comparing questionnaires to objective measures of PA. 31 In this study and according to Bland-Altman analysis, the GPAQ seemed to underestimate sedentary time as measured by the accelerometer. This finding can be justified most likely by difficulty to accurately recall sitting time as well as by a response bias due to social desirability, which may affect the degree of reporting the time spent sitting by subjects. 31 Future research is needed to identify whether a bias does exist and if so, whether it differs by gender or socioprofessional status, and to what extent.

This study had several strengths, beginning with the adherence to standardized WHO protocols in administering questionnaires (GPAQ was always administered before the IPAQ) and the concordant measurement period (the same 7 days) for both questionnaires and the accelerometer. Also, we used Bland-Altman analysis, a useful and recommended approach to assess the level of agreement, as compared with usual correlation coefficients assessing only the strength of the relationship between the measures. 27 Finally, the use of the IPAQ-LF seems relevant because it induced better concurrent validity with the GPAQ than in previous studies.

The major limitation of this study was the use of accelerometer as an alternative to the gold standard. However, in the absence of a gold standard, accelerometer may be used to measure PA in daily life. 32,33 

Conclusion

This study adds important and new information in testing the psychometric properties of the GPAQ in France. The results suggest that the GPAQ is a reliable questionnaire for use in the French population. The overall validity was poor to good but remained acceptable and was similar to previous studies. 11,12 Another important highlight is the need to use the same questionnaire in surveillance studies to allow for comparison and follow-up of the PA level of the study population and for PA surveillance in general. 

Introduction

SB is defined as "as any waking behavior characterized by an energy expenditure ≤1.5 METs while in a sitting or reclining posture" [1]. Health effects of sedentary time have been increasingly studied over the past decade with most studies showing negative associations between sedentary time and health outcomes in both adults and youths [2][3][4]. Much of the evidence has been provided by selfreport [2] and the majority of the studies have used TV viewing or total sitting time derived from a single question [4,5] as a measure of sedentary behavior (SB). However, measuring total sedentary time may not provide enough information when investigating health effects of SB. Some studies have revealed that the associations between SB and health-related outcomes may change with the characteristics of the behavior measured and the manner in which sedentary time is accumulated [6][7][8]. For example, a systematic review of the effects of sedentary behaviors on health outcomes has shown that TV viewing has different impacts than reading on cognitive development in early childhood [9]. Statistically significant detrimental associations were observed between total duration/frequency of TV, videos, computers or overall screen time and cognitive development while significant beneficial associations were found between total duration/frequency of reading/being read to and cognitive development. However, these associations were complex and positive associations also were shown for some TV content (educational, ABS and PBS channel viewing) while negative for other content (cartoons). These findings are supported by another systematic review examining the relationships between SB and health indicators in children and youth [10] that showed negative associations between screen-related behaviors and body composition (TV viewing), cardio metabolic status (TV viewing), behavioral conduct/pro-social behavior (TV viewing and video game use), fitness (screen time), self-esteem (screen time and computer use). Conversely, higher durations of reading and doing homework were associated with higher academic achievement. Therefore, the relationship between SB and health is more complex than earlier thought and questionnaires assessing several aspects of SB are needed to improve our understanding of the relationship between SB and health outcomes.

To better characterize SB, a taxonomy of SB has been developed in 2013 [13]. The taxonomy of SB is the result of the first round of an open science project called "SIT". Led by Chastin et al. [13], this formal consensus process offers a comprehensive frame of reference for SB developed through a Delphi method involving international experts. The taxonomy includes 9 complementary facets to describe SB: the posture(sitting or lying), the purpose of the behavior (ex: for work or for transportation), the time of the day or the year when one engage in SB, the types of behaviors engaged in while sedentary (such as watching TV or using computer), the environment and social context where SB occurred, the associated behaviors (such as eating while watching TV), the functional states of the individual, and the instrument measuring the behavior (see figures 1 and 2). Currently, there are a variety of questionnaires assessing SB that vary considerably in length and item content.

While the questionnaire's measurement properties have been assessed in several reviews [11,12], to our knowledge, there is no recent study reporting the content of SB questionnaires in a detailed and standardized manner. Therefore, the aim of this study was to use the taxonomy of SB to systematically appraise and compare the content of SB questionnaires. The objectives were (1) to examine the content of questionnaires measuring SB and the indicators used to synthetize the information recorded, and (2) to compare the content of the questionnaires based on a well-defined and standardized classification of SB.

Methods

This systematic review aimed to identify all studies published by 31 December 2016 reporting the development and/or the psychometric properties of self-report questionnaires that assess SB. The PRISMA Statement was used to guide the report of this work [14].

screening (but 3) by one of the reviewer (FR). Reviewers were not blinded to the authors or journals when extracting data.

Data extraction

Description of Questionnaires

General characteristics of the instruments were extracted from the included papers using a standardized data-extraction form. 

Content of Questionnaires

The content comparison aimed to identify the SB characteristics measured by each questionnaire for each item. To allow the comparison and analysis of the questionnaires the decision was made to link the SB characteristics measured to the taxonomy of SB [13]. The taxonomy served as a reference framework to identify and classify the different categories of SB. The taxonomy of SB is composed of 9 main facets (Fig 1 ) and each of these facets has sub-categories. For example, the level one facet "Purpose" and its 3 sublevel facets are presented in Fig 2 . The content of each questionnaire was systematically linked to the corresponding categories of the taxonomy of SB following standardized linking rules (see Table 1). A short-hand version of the taxonomy of SB was used (by omitting "undetermined" and "others" categories) to reduce the ambiguity of the results of the linking process.

To allow the linking process the taxonomy was used in a hierarchical structure. For each questionnaire, the following information was reported: (i) the number of items assessing SB characteristics; (ii) the number of SB characteristics identified; and (iii) the facets and categories of the taxonomy covered.

The linking process was inspired from the International Classification of Functioning, Disability and Health linking rules [15] and adapted to this purpose. The linking rules were first developed then refined after being tested with some questionnaires. The final linking rules were comprised of 8 rules listed in Table 1. The linking process was performed by two independent researchers who had been trained in applying the taxonomy as well as the linking rules. Disagreement was discussed until a consensus was reached.

Results

The literature search

The literature search produced a total of 1,369 hits: 

946

Description of questionnaires

A description of the selected questionnaires describing SB item-characteristics is presented in table 2. Some questionnaires including items on only SB and other included items about SB and PA. When the questionnaires measured PA, only the SB-related content was abstracted and reviewed. From the 60 questionnaires meeting the inclusion criteria, 24 specifically measured SB only and 36 measured both SB and PA. Questionnaires were developed or tested for use in the following populations:

healthy adults (n=33), adults with specific health problems (n=11), adolescents (n=9), seniors (n=9), children (n=3), women (n=1), and students (n=1). The majority were self-administered (n= 49) vs interviewer administered (n=25). The recall period focused on a single day (n=23, ex: previous day, workday, or week-end day), week (n=28, ex: usual week or last week. past month (n= 7), or a longer recall period (n=6). All the questionnaires (except two) assessed time spent in SB in hours or minutes.

Seventeen measured the frequency of SB and 6 measured breaks in SB.

Taxonomy-based content analysis

Overall, 567 SB characteristics were identified and linked to the taxonomy. Questionnaires 'content is presented in Table 3 using a shortened taxonomy form and fully presented in S2 Appendix. "sitting" (90%), the time "of day" (90%), the type "TV" (65%), and "computer" (55%). Conversely, many SB characteristics were never measured such as the Associated Behavior "Smocking", and most of the sub-categories of the facets Environment and Status. Among the including questionnaires, the ASAQ, SIT-Q-12m, SIT-Q-7d and STAR-Q are some of the most comprehensive questionnaires.

They comprised 55-115 items measuring 13-27 SB characteristics. In the opposite, the CSIST, IPAQ-SF and GPAQ are some of the least comprehensive questionnaires and are comprised of only 1 item measuring overall sitting time.

Table 3 presents a comprehensive evaluation of the taxonomy's facets contained in each SB questionnaire items reviewed. The first column presents all the main facets (bolded), with the exception of measurement as all instruments are self-report questionnaires, and the first level of their associated sub-facets as displayed in figure 2. In the remaining columns, facets measured by each questionnaire have been identified with a X, or with a (X) when it was presented as an example (see fifth point in Table 1).

Discussion

The aim of this review was to examine and compare the content of questionnaires measuring SB using facets or characteristics of SB described in Chastin et al.'s Taxonomy of SB. Overall, our review reports wide differences in the questionnaires' content with the most comprehensive questionnaires measuring up to 27 SB characteristics while the least comprehensive questionnaires measured only overall sitting time. Most of the questionnaires measured sitting time spent watching TV or using a computer during a day. However, studies showed that screen-related SB may be differently associated with health-related outcomes than other types of SB [10,11]. Thus, when selecting a questionnaire one should determine which characteristics of SB are of interest.

Questionnaires developed to obtain a more comprehensive measurement of SB purport to characterize patterns of SB during daily life by measuring sub-categories within most of the facets identified in the taxonomy. Such questionnaires allow consideration of the variety of SB when exploring its relationship to health. Many comprehensive questionnaires such as the SIT-Q, the MPAQ and the STAR-Q, are structured into different sections, where each section represents mostly a purpose, and within each section (i.e., for each purpose) ask for sedentary time or other characteristics of SB. As an example, the SIT-Q-7d is one of the more comprehensive SB questionnaires. Other facets of SB often are not measured by SB questionnaires such as associated behaviors (queried as "what else?"), the social context (with whom?) and the functional states of an individual. However, these characteristics are of interest and need to be more thoroughly investigated as they can induce biased in the relationship between SB and health-related outcomes. Associated behaviors, such as eating while watching TV have been shown to be associated with an increased risk of obesity [START_REF] Pearson | Sedentary behavior and dietary intake in children, adolescents, and adults: a systematic review[END_REF];

possibly resulting from nutritionally bad food choices influenced by TV commercials, less feeling of satiety while distracted by TV viewing and the replacement of PA by a sedentary activity (i.e., watching TV) [START_REF] Boulos | ObesiTV: how television is influencing the obesity epidemic[END_REF]. The social context is also sparsely considered when investigating SB and health.

However, both the quantity (having many social relationships vs their relative absence) and quality (such as emotional support or conflict) of social relationships are associated with morbidity and mortality [START_REF] Holt-Lunstad | Loneliness and social isolation as risk factors for mortality a meta-analytic review[END_REF]. Thus, it can be expected that the social context when one individual engage in SB influences the strength of the association between SB and health-related outcomes. For relevance, at equal amounts of sedentary time, an individual engaging in sedentary activities alone may be at greater risk of health complications than another individual engaging in sedentary activities while having social relationships. Additionally, some facets such as environment that identifies where a SB occurred and time that identifies when a SB occurred are measured on a restricted basis with only a limited number of sub-categories measured. Almost exclusively the sub-categories of facets of environment "indoor" and time "day" are measured on many SB questionnaires. However, the facet time also encompasses the categories by day and year. While time of the year (seasons) is known to affect PA, little is known about how it influences SB. Similarly, the environment has been identified as one of the main determinants of SB [100] but little information is available about the natural and built environment in which an individual engages in SB. This lack of information partially may be attributable to SB questionnaires that fail to assess many characteristics of SB (as shown in S2

Appendix).

Only 2 questionnaires asked about multi-tasking as associated behaviors. Individuals could engage in several tasks simultaneously such as watching TV and chatting via skype or Facebook. Perhaps watching television would be associated with negative cognitive outcomes while using screen-based devices to chat allows to connect with friends and impact on well-being and self-esteem The taxonomy-based content analysis also brings to light that some characteristics of SB measured in many questionnaires did not appear in the lower levels of the taxonomy (e.g. "doing arts", "talking with acquaintances", and "hobbies"); thus, they were linked to the upper levels of the taxonomy (for example, "doing arts" was linked to the facet "no screen"). While these characteristics are not in the taxonomy they may be important for some research settings. Thus, such items could be used to enrich the existing taxonomy. Conversely, while SB is defined as "as any waking behavior characterized by an energy expenditure ≤1.5 METs while in a sitting or reclining posture" [1], sleeping and having a nap are considered SB in the taxonomy. Similarly, a few characteristics of SB present in the taxonomy were measured by some questionnaires but were considered as physical activity. In particular, "cooking" and "household chores" are considered to be a "no-screen" SB from the facet Type oin the taxonomy but are associated to an energy expenditure strictly greater than 1.5 METs in the 2011 Adult Compendium of Physical Activities [104]; considered to be light physical activity by some questionnaires. Also the sub-category"Making music" was considered to be either a SB or a light physical activity depending on the questionnaire and "yoga relaxation" was considered a SB by one questionnaire while it is associated to an energy expenditure of a minimum of 2.0 METs in the 2011 Adult Compendium. In addition, time spent in front of small screen devices such as phone or music player is considered sedentary in the taxonomy and most of studies, however the use of these devices can potentially occur while walking or standing (the use of the mobile application Pokemon Go is a prime example) thus asking for the posture is essential (yet far from being systematic). The boundary between SB and light physical activity is small and complex and may reflect changes in the definition of SB after development of questionnaires with items that may no longer be classified as SB. Epidemiology of SB is a recent research field and efforts must be pursued to harmonize and standardize the measurement of SB.

Finally, differences in the recall frame, duration and mode of administration were observed. The most common recall frames were a week and a day as short recall periods been shown to be fairly easy to recall [105]. Longer recall frames are more likely to measure usual patterns, however the potential for memory bias is also greater than for shorter recall periods [12]. All but 2 questionnaires measured time spend in SB. Depending on the questionnaire, duration was recalled either in hours and minutes per day as a continuous variable or in hours or minutes per day as a discrete variable. From the included questionnaires, 49 have been validated in a self-administered form (paper of computer) and 25 in an interview-administered form (face-to-face or telephone). The mode of administration of questionnaires is of importance as it may influence the answers of participants due to social desirability [106]. Furthermore, while in this paper we focused only on self-reported questionnaires, proxy-report may be more appropriate for use in population with limited cognitive capacity (children, intellectual disabled persons, and older persons) as it may restrain the accuracy of the recall. In that case, parent-, relatives or professional health care-proxy report may be used to collect information on participant's SB [5].

Limitations

The use of the Taxonomy of Sedentary Behaviors to analyze the content of the questionnaires is a long and tedious work. Some SB characteristics appear twice in the taxonomy and others are similar

(for examples, the category "at the workplace" and the category "for work) making difficult the linking process. The development of the linking rules was an essential step of this work to ensure that all questionnaires' content was linked following the same criteria. Despite the linking rules, some content was linked differently between the two reviewers, but a consensus was reached after discussion. Nevertheless, the use of the taxonomy as a reference framework allowed a standardized comparison of the questionnaires content. However, given that only articles written in English and in French were selected, and that no grey literature was search, we can't rule out the possibility for missing questionnaires.

Conclusions

This study presents a standardized content analysis of 60 SB questionnaires to show how many and which characteristics of SB are measured in each questionnaire. Considerable variability in the comprehensiveness of questionnaires was observed. Overall, the questionnaires included in this review are composed of 1-115 items measuring 2-27 SB characteristics. When selecting a questionnaire to measure SB, one should consider the measurement properties as well as the characteristics of SB included in a questionnaire and the nature of information for frequency, duration, interruptions, and recall frame. The taxonomy-based content analysis provides a useful tool to identify and compare the content of each questionnaire as it shows that a limited number of SB's characteristics are currently being measured through questionnaire. While recent work suggests that different types of SB might have different effect on health, this review provides a support for the development of questionnaires measuring the SB characteristics that are under measured to reduce the gaps in SB measurement and further explore health effects of SB and their determinants. In particular, behaviors associated to sedentary time (such as eating, smocking, etc), multitasking, the physical and social environment, when the behavior takes place, and the physical and psychological state of the individual are rarely measured with the existing questionnaires. In the absence of questionnaire to measure these SB characteristics, other method, such as ecological momentary assessment or diary may be more appropriate. Table 1.

Number Rule 1

Before starting the process of linking SB questionnaires to the taxonomy categories, good knowledge of the taxonomy should be acquired and all meaningful sedentary behaviour (SB) characteristics within each item of the questionnaire under consideration should be identify.

2

Only SB characteristics should be linked (for example "How many times a week did you travel from home to your main work?" does not assess any sedentary behaviours)

3

Each meaningful SB characteristic within items is linked to the most precise taxonomy category.

Example: Item 6a of the STAR-Q "Driving a car or light truck" should be linked to the subcategory S71 personal from the category travel within the domain purpose.

4

If a single item encompasses different SB characteristics, they should all be linked.

Example: In item 7a of the SIT-Q "How much time per day did you spend sitting for job?" day, sitting and job should be linked. Examples are often introduced using "such as", "for examples", "e.g." and/or appear in parentheses. 

General discussion

This dissertation was composed of 4 different studies, with the overall purpose to contribute to the surveillance and measurement of physical activity and sedentary behaviors. These studies were designed to answer the following research questions:

 What is the current state of physical activity and sedentary behavior surveillance in France?

 What are the psychometric properties of the French Global Physical Activity Questionnaire?

 What do sedentary behaviors questionnaires measure?

This general discussion discusses findings relating to these questions, first summarizing the main results of each study, then discussing its implications and perspectives.

1 Study 1. Surveillance of physical activity and sedentary behaviors: case-study using French surveillance data.

Main results

Study 1 aimed to investigate the measuring instrument used to measure physical activity and sedentary behaviors in French national surveillance studies. National experts of physical The PNNS envisioned physical activity as a nutritional behavior, meaning as a way to prevent obesity and other diet-related diseases. This may explain why no other indicators for physical activity have been used in the surveillance system. As part of the recommendations from

Anses for the PNNS 2016-2021, it is now recommended that adutls engage in musclestrengthening and joint mobility exercises. Thus, it is expected that the next PNNS will include indicators related to these physical activities. National physical activity strengthening goals are assessed in the United States Behavioral Risk Factor Surveillance System with participants asked to report the number of time they engage in physical activities to strengthen their muscles (CDC, 2017). Furthermore, other indicators could be measured that relate to physical activity. For example, the environment (including the social environment and the physical environment such as outdoor playground) and policies and programs are of importance in understanding physical activity and sedentary behaviors and for the planning of effective interventions [START_REF] Sallis | Ecological models of health behavior. Health behavior: theory, research, and practice[END_REF]. Yet, in the U.S., since none of the questions about the environment and policies are being measured, it is hard to interpret the responses.

Therefore, the development of a comprehensive framework of indicators for physical activity and sedentary behaviors should be given careful consideration to include measures that are meaningful to national goals.

Strengths and limitations

The main strength of this study was in gathering French national experts of physical activity and sedentary behaviors surveillance to review the current French surveillance system. By doing so, the conclusions and recommendations made by the experts are more likely to influence the future of physical activity and sedentary behaviors surveillance in France. 

Discussion

The grades reveal that efforts must be done to improve youth's physical activity and that several gaps in the literature still need to be addressed. Four indicators could not be graded: overall physical activity, community and environment, family and peers, and government and institutions. In A positive note was the B grade attributed to school-based physical activity, which indicates that school fulfills its role of providing access to sports and physical activity to most children.

Strengths and limitations

The strength of study 2 was to comply with the framework used by the Active Healthy Kids Global Alliance (Tremblay et al., 2016). Another strength of this study was to realize the Report Card in collaboration with the national observatory on physical activity and sedentary behaviors, who launched the release of the report card giving a greater visibility to this work.

Within about one month, the long form of the report card had been downloaded 600 times, and the short form 400 times, which illustrates the interest of the French scientific and public health community in this work.

The main limitation of study was the quality and availability of the data which impaired the assignment of grades. For example, organized sports participation was assigned a grade D in France. Organized sports participation was assessed by identifying the number of sports licenses delivered by French sports federations. However, organized sport participation can occur in different settings, such as organized sport participation in private club. Therefore, it could not be ruled out that the grade for organized sport participation will be higher if more data sources were available.

Study 3. Reliability and validity of the French version of the

global physical activity questionnaire. 

Main results

Study

Discussion

Research showed that different instruments used to measure the same construct can produce different results [START_REF] Bauman | Trends in exercise prevalence in Australia[END_REF][START_REF] Ainsworth | Comparison of the 2001 BRFSS and the IPAQ Physical Activity Questionnaires[END_REF]Bull et al., 2009). Such findings were observed in study 3, when comparing estimates between GPAQ and IPAQ-LF in the percentage of participants who did not meet the WHO recommendations for physical activity.

GPAQ and IPAQ-LF are different, yet very similar. The main differences are: the GPAQ asks about physical activity performed during a usual week and merges physical activity performed at work and in the household setting together while the IPAQ-LF asks about physical activity performed during the last seven days and makes a distinction between workand household related physical activity. While study 1 reported the use of different questionnaires as well as questionnaires modified from the original version, results from study 3 underline the need for surveillance system to rely on standardized, repeated measures.

The GPAQ is one of the few questionnaires that has been tested against accelerometry in France. Because there is no gold standard for physical activity, many different criteria have been used, including pedometer, estimated maximal oxygen uptake and other questionnaires (Shephard, 2003). Therefore, it makes it difficult to determine whether one questionnaire perform better than the others to assess physical activity levels. To address the lack of consistency when testing the psychometric properties of physical activity questionnaires, Terwee et al. have proposed a set of best practices (Terwee et la., 2010). They recommended using other instruments measuring closely related constructs for criterion validity: doubly labelled water for total energy expenditure, accelerometry for total, vigorous-and moderateintensity physical activity, and pedometers for walking. In addition, they recommended using correlations to investigate the validity of questionnaires, as it shows the degree to which 2 variables are related (Terwee et al., 2010). However, a high correlation does not necessary imply that there is a good agreement. Therefore, Bland-Altman plots have been used in study 3 to assess the agreement for total physical activity and sedentary time between GPAQ and accelerometers.

Differences in estimates of physical activity and sedentary time in minutes reported by Bland-Altman plots in study 3 were striking. Bland Altman Plot showed that the more participants engaged in physical activity, the more the accelerometers over-estimated physical activity when total physical activity in minutes per week from derived from accelerometers was compared with GPAQ; and inversely, physical activity was under-estimated when comparing the accelerometer with GPAQ among participants with low levels of physical activity.

Research showed that low fit and sedentary individuals tend to rate their perception of effort at a given relative intensity as more intense or harder than trained individuals at the same relative intensity [START_REF] Demello | Ratings of perceived exertion at the lactate threshold in trained and untrained men and women[END_REF][START_REF] Sylva | Effects of social influence and sex on rating of perceived exertion in exercising elite athletes[END_REF][START_REF] Hassmen | Perceptual and physiological responses to cycling and running in groups of trained and untrained subjects[END_REF]. Thus, one possible consequence is that individuals with low physical activity levels might over-report time performing moderate-to-vigorous physical activity, which could explain Bland Altman results. Another explanation could lie in the fact that questionnaires ask about subjective intensity of physical activity while accelerometers estimate absolute intensity (the cut-points to define physical activity intensity are the same for all participants, whatever their physical fitness). It has been shown than individuals with low levels of physical activity have lower cardiorespiratory fitness, and individuals with high levels of physical activity, especially high vigorous physical activity, have higher cardiorespiratory fitness [START_REF] Dencker | Daily physical activity and its relation to aerobic fitness in children aged 8-11 years[END_REF][START_REF] Després | Physical activity, sedentary behaviours, and cardiovascular health: when will cardiorespiratory fitness become a vital sign?[END_REF]. Because cardiorespiratory fitness influences an individuals' perception of physical activity intensity, it may likely that participants with lower physical activity and fitness levels may over-estimate physical activity intensity, while individuals with higher physical activity and fitness levels may under-estimate their physical activity intensity [START_REF] Milanez | The role of aerobic fitness on session rating of perceived exertion in futsal players[END_REF]. As a consequence, physical activity measured by an accelerometer as light intensity could be perceived as moderate intensity by individuals with lower physical activity and fitness levels, and conversely, physical activity measured by an accelerometer measured as moderate intensity as could be perceived as light intensity by individuals with higher physical activity and fitness levels. Because the GPAQ does not ask about light intensity physical activity, individuals with higher fitness levels might under-report the time they spend in total physical activity.

Strengths and limitations

This study had several strengths, including the adherence to standardized WHO protocols in administering questionnaires, the concordant measurement period for both questionnaires and the accelerometer, and the use of Bland Altman plots to explore the agreement between GPAQ and accelerometers. This study had some limitations that may influence the results.

First, the population was not representative of the French population, which may limit the generalizability of the findings. The second main limitation was the use of accelerometers as a reference instrument; the GPAQ and accelerometers do not measure the same construct. Three points highlight this limitation. First, the GPAQ has respondents recall physical activity that lasts at least 10 minutes, whereas accelerometers measure all activities regardless of duration.

Second, the GPAQ has respondents recall their perceived intensity (for example vigorousintensity activity is defined by a large increase in breathing or heart rate), while the accelerometer estimates absolute intensity from its primary output (counts per unit of time) by using intensity-related cut points. Third, accelerometers cannot measure some activities, such as aquatic activities, cycling and weight lifting. Therefore, it is not surprising to observe a poor criterion validity for the GPAQ as compared with accelerometer. measured by 65 and 55% of the questionnaires, respectively, while many characteristics of sedentary behaviors were often not measured. These observations have implications as depending of the type, purpose, environment, associated behaviors, and other facets of the behavior, sedentary behaviors might be differently associated with various health outcomes, and might have different correlates and determinants. Therefore, all facets of sedentary behaviors need to be investigated; but study 3 showed that many facets are not, or rarely, measured with questionnaires, including behaviors associated to sedentary time (such as eating and smoking), multitasking, the physical and social environment, when the behavior takes place, and the physical and psychological state of the individual. This finding has implication as qualitative information can be collected using self-report methods only. As a consequence, either new questionnaire need to be developed, or other self-report method, such as ecological momentary assessment (EMA), need to be used, to assess the facets of sedentary behaviors that current questionnaire misses to measure.

Discussion

The taxonomy-based content analysis provides a useful tool to identify and compare the content of questionnaires. In addition, information on the construct to be measured (sedentary behaviors and physical activity or sedentary behaviors only), the target population, mode of administration, recall period, number of items, and the quantitative components measured (frequency, time and breaks) were reported in study 4. The results observed in study 4 may help researchers to select the most appropriate questionnaire based on the purpose of their study and the information they seek to collect.

One of the main challenges of surveillance system is to rely on consistent methodology to allow comparison over time, while being sufficiently flexible to adapt to changing needs. For example, the surveillance system has to be able to adapt to changes in guideline definitions.

However, because questionnaires are used as a whole to measure physical activity and sedentary behaviors, changing needs often result in changing wording or questionnaire, as observed in study 1. Therefore, a solution could be to test the psychometric properties at item levels and to create a bank of item where each item could be used individually or in association with others. By doing so, it would allow investigators to add or remove a few items depending on the objectives of the survey. expected that the accuracy of these items will be investigated.

Strengths and limitations

The main strength of study 4 was to analyze the content of sedentary behaviors questionnaires using a standardized method proposed by Chastin et al. (Chastin et al., 2013). However, this method had several limitations. First, despite the development of linking rules, disagreement was observed during the linking process, and the degree of agreement between the two investigators was not assessed. Disagreements were discussed and a consensus was obtained.

In addition, only articles written in English and in French were selected, and no grey literature was search, thus some questionnaires may have been missed. Finally, the psychometric properties of the questionnaires reviewed were not reported, which would have added to the informative value of this work.

Perspectives

Collectively, the studies completed during this thesis provide valuable information regarding the surveillance and measurement of physical activity and sedentary behaviors. This thesis also raises questions as for the future of the French surveillance system and the measurement of physical activity and sedentary behaviors. These questions are inter-connected as an improvement in measurement accuracy will directly improve the quality of data collected in surveillance studies. The following sections discuss public health and research perspectives related to these questions.

Public health perspectives

How to improve measurement and surveillance of physical activity and sedentary behaviors?

Use standardized and repeated measures for physical activity and sedentary behaviors surveillance One issue observed in the French surveillance of physical activity and sedentary behaviors is the lack of standardization in the measuring instrument. As reported in study 3, two different questionnaires, even though fairly similar, produce different results. Therefore, French surveillance studies should aim to use repeatedly the same instrument in order to allow tracking of physical activity levels and sedentary time.

Assess the psychometric properties of questionnaires for physical activity and sedentary behaviors surveillance

One issue with the use of questionnaires to measure physical activity and sedentary behaviors in surveillance studies is the lack of evidence for the psychometric properties of the questionnaires. As reported in study 1, questionnaires have been used in a version different from the original version, while only the psychometric properties of the original version had been investigated. Further, the French GPAQ has been used in the 2008 Health Barometer but its psychometric properties of the French version of the GPAQ had not been investigated yet.

Assessing the psychometric properties of the questionnaire can provide insights about accuracy and misclassification in estimates of physical activity and sedentary behaviors.

Testing the psychometric properties of a given questionnaire is essential to properly interpret physical activity and sedentary behaviors reported using this questionnaire. 

Research perspectives

Should a shift towards objectively measured physical activity and sedentary behaviors be prioritized in order to improve data quality, and comparability of data collected between studies and over-time? when at least one of the following conditions was met: 1. 15+ minutes of high intensity activity followed by 10+ minutes of low-intensity activity, 2. 60+ minutes of low-intensity activity followed by 1+ minutes of moderate intensity activity or greater, and 3. 10+ minutes of no activity data followed by 1+ minutes of some activity data [START_REF] Dunton | Development of a smartphone application to measure physical activity using sensor-assisted self-report[END_REF]. A mobile app identifies the sensor-informed movement transition cues to trigger a real-time EMA self-report survey measuring the type and purpose of physical and sedentary activities, enjoyment of these activities, and social and physical features of the activity setting.

Smartphones with built-in inclinometers, GPS and accelerometers that are worn all day can provide multiple sources of information about posture, movement-intensity, and travel patterns. Combined with EMA the additional sources of information may allow assessments all facets of physical activity and sedentary behaviors. Smartphone also can be connected with other devices such as watches that are able to measure heart rate and movement.

Therefore, smartphones are likely to be at the core of future sedentary behaviors and physical activity measurement methods.

Conclusion

To conclude, the work realized during this thesis allows the formulation of recommendations to improve the surveillance of physical activity and sedentary behaviors in France: 


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  Limiter la durée des CS et passer moins d'1h en continu dans des activités sédentaires ; 4 Eviter l'exposition aux écrans avant 2 ans et limiter l'exposition à moins d'1h/jr entre 2 et 5 ans. Enfants 6-11 ans Au moins 60 min/jr d'APME ; Dont au moins 3 séances d'au moins 20 minutes d'une AP d'intensité élevée (jours non consécutifs), et au moins 3 séances d'au moins 20 minutes d'une AP basée sur le travail musculo-squelettique (jours non consécutifs). 7 Limiter la durée des CS ; 8 Passer moins de 2h consécutives dans des CS ; 9 Limiter le temps de loisir passé devant un écran à 60 min/jr jusqu'à 6 ans et 120 min/jr jusqu'à 11 ans. Adolescents 12-17 ans Au moins 60 min/jr d'APME ; Dont au moins 3 séances de 20 min/semaine d'AP à intensité élevée (jours non consécutifs) ; et 3 séances de 20 min/semaine d'AP basée sur le travail musculo-squelettique (jours non consécutifs). 12 Limiter les périodes de sédentarité et d'inactivité à moins de 2h consécutives en position assise ou semi-allongée Adultes 18-65 ans Au moins 30 min/jr d'APME cardio-vasculaire. Des bénéfices supplémentaires sur la santé peuvent être obtenus avec une pratique de 45 à 60 min. Les AP peuvent être fractionné en périodes de 10 min minimales. Ces AP devraient être répétées au moins 5 jr/semaine, et si possible tous les jours ; 1 à 2 fois par semaine des AP de renforcement musculaire contre résistance ; Les étirements doivent être réalisés régulièrement, au minimum 2 à 3 fois par semaine 16 Réduire le temps total quotidien passé en position assise, autant que faire se peut ; 17 Interrompre les périodes prolongées passées en position assise ou allongée, toutes les 90 à 120 min, par une AP de type marche de quelques minutes (3 à 5), accompagnée de mouvements de mobilisation musculaire. Séniors +65 ans Au moins 30 min/jr d'AP cardio-vasculaires d'intensité modérée, au moins 5 fois par semaine ; ou 15 min par jour d'AP cardio-respiratoires d'intensité élevée, au moins 5 fois par semaine ; ou une combinaison d'APME sachant que 1 min d'AP d'intensité élevée équivaut à 2 min d'AP d'intensité modérée ; APME de renforcement musculaire 2 jr/semaine ou plus, de préférence non consécutifs.

Axe 1 .Axe 2 .

 12 Surveillance de l'activité physique et des comportements sédentaires Cette thèse identifie un certain nombre de besoins et d'opportunités pour améliorer le système de surveillance de l'activité physique et des comportements sédentaires en France. Les études 1 et 2 ont ainsi identifié certaines limites impactant la qualité des données récoltées. Les études de surveillance reposent sur l'utilisation de questionnaire pour mesurer l'activité physique et les comportements sédentaires en population générale. Cependant, différents questionnaires ont été utilisés, et des modifications ont été effectuées pour certains d'entre eux, ce qui limite la comparaison des résultats entre les études et le suivi de l'évolution de ces données. Par ailleurs, les recommandations internationales et françaises préconisent différents types d'activité physique, dont les activités aérobics, de renforcement musculaire, et de souplesse; mais les études françaises ne mesuraient que les activités d'endurance, ne permettant pas d'estimer le pourcentage de la population respectant les valeurs seuils pour les activités de renforcement musculaire et de souplesse. D'autre part, le choix des outils de mesure rendait difficile l'estimation du pourcentage des enfants et adolescents qui respectent les recommandations concernant les activités physiques aérobics, comme le montre le Report Card. Parmi les limites, ces travaux soulignent également que la manière dont les données ont été analysées ne permet pas d'estimer le pourcentage de jeunes ayant un temps assis en deçà des valeurs recommandées. Les différentes méthodes d'analyse utilisées par chaque étude limitent également les comparaisons entre ces études. Mesure de l'activité physique et des comportements sédentaires L'étude 3 portant sur l'évaluation des propriétés psychométriques du GPAQ met en évidence une bonne reproductibilité du questionnaire, mais une validité limitée, bien que similaire aux résultats de validité des questionnaires de l'activité physique généralement observées dans la littérature. L'étude 4, évaluant le contenu des questionnaires des comportements sédentaires permet d'observer une grande diversité quant à ce que les questionnaires mesures, avec un nombre négligeable de caractéristiques des comportements sédentaires qui ne sont pas mesurés par les quesitonnaires existant. En conséquence, de nouveaux questionnaires doivent être développés, ou d'autre méthode de mesure doivent être utilisées pour mesurer ces caractéristiques, telles que EMA. Conclusions En conclusion, les travaux réalisés durant cette thèse permettent de formuler des recommandations visant à améliorer la surveillance de l'activité physique et des comportements sédentaires en France :  La surveillance de l'activité physique et des comportements sédentaires doit reposer sur des mesures standardisées et répétées ;  Les éléments clés des protocoles de collecte données, incluant les questionnaires d'activité physique et des comportements sédentaires, le mode d'administration des enquêtes, la période d'enquête, et les indicateurs utilisés doivent être standardisés ;  Les propriétés psychométriques des instruments utilisés doivent être testés dans les populations d'intérêts ;  Le choix de l'instrument de mesure doit être fait en adéquation avec les indicateurs désirés ;  Le système de surveillance doit non seulement fournir des informations sur l'évolution de l'activité physique et des comportements sédentaires, mais également fournir des informations sur les facteurs influençant l'activité physique et les comportements sédentaires, tels que l'environnement social et physique, et les politiques publiques. Cette thèse concorde avec la stratégie sur l'activité physique pour la Région européenne de l'OMS 2016-2025 , et avec le plan global d'action sur l'activité physique de l'OMS pour la période 2018-2030. La stratégie et le plan d'action de l'OMS encouragent les états membres à renforcer la surveillance de l'activité physique et des comportements sédentaires à tous âges et dans tous les milieux, pour suivre les évolutions, et évaluer les politiques publiques. Dans le cadre de son plan d'action, l'OMS va soutenir les états membres dans leurs actions, ce qui peut représenter une opportunité pour les institutions de santé publique française d'améliorer le système de surveillance de l'activité physique et des comportements sédentaires en tenant compte des recommandations exprimées au cours de cette thèse. French surveillance data ......................................................................................................... 1.1 Main results .................................................................................................................. 1.2 Discussion .................................................................................................................... 1.3 Strengths and limitations .............................................................................................. 2 Study 2. Results from the first French Report Card on physical activity for children and adolescents (2016) .................................................................................................................. 2.1 Main results .................................................................................................................. 2.2 Discussion .................................................................................................................... 2.3 Strengths and limitations .............................................................................................. 3 Study 3. Reliability and validity of the French version of the global physical activity questionnaire .......................................................................................................................... 3.1 Main results .................................................................................................................. 3.2 Discussion ................................................................................................................... 3.3 Strengths and limitations .............................................................................................. 4 Study 4. Content comparison of sedentary behaviors questionnaires: a systematic review ................................................................................................................................................ 4.1 Main results .................................................................................................................. 4.2 Discussion .................................................................................................................... 4.3 Strengths and limitations ........................................................................................... 5 Perspectives ...................................................................................................................... 5.1 Public health perspectives ........................................................................................ 5.2 Research perspectives ............................................................................................... 6 Conclusion ........................................................................................................................ References ............................................................................................................................. Appendix ...............................................................................................................................
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  What is the current state of physical activity and sedentary behaviors surveillance in France?  What are the psychometric properties of the French version of the Global Physical Activity Questionnaire?  What do sedentary behaviors questionnaires measure? Chapter one provides an introduction to the thesis. Chapter two provides an overview of the complex and multidimensional nature of physical activity and sedentary behaviors, as well as the complexity of measuring and surveying these behaviors. Chapter two has three sections. The first section provides information regarding definitions and frameworks of physical activity and sedentary behaviors. It also describes the multidimensional nature of physical activity and sedentary behaviors. The second section provides an overview of measurement methods used in large-scale physical activity and sedentary behaviors studies. The last section discusses worldwide and French surveillance of physical activity and sedentary behaviors. Chapter three presents the research manuscripts included in this thesis. The first study analyzes and discusses the present situation of French national surveillance studies, including measurement of physical activity and sedentary behaviors. The second study presents the results from the first French report card on physical activity for children and adolescents. The third study discusses the validity and reliability properties of the French version of the Global Physical Activity Questionnaire. The fourth study examines the content of questionnaires measuring sedentary behaviors.

Figure 1 .

 1 Figure 1. ActiGraph representation of physical activity. * Monitor was not worn. (from Pate et al., 2008).

Figure 2 .

 2 Figure 2. ActiGraph representation of physical activity. * Monitor was not worn. (from Pate et al., 2008).

Figure 3

 3 Figure 3 illustrates how two individuals can accumulate the same volume of total sedentary time with two different patterns of breaks in sedentary time. Sedentary time can be accumulated in extended continuous bouts, or with frequent interruptions and in short bouts (Dunstan et al., 2010). One difficulty in measuring breaks in sedentary time is the lack of an operational definition. In their study, Healy et al. (2008) defined a break as a 1-minute interruption in sedentary time with accelerometer counts higher than 100 counts per minute (Healy et al., 2008). This definition seems to have received acceptance among the academic community as it has been widely used (Cooper et al., 2012; Saunders et al., 2013; Colley et al., 2013). However, others have made different choices. Carson et al. have operationalized breaks as interruptions of more than 5 seconds and Verloigne et al. have defined breaks as interruptions of 15 seconds (Carson et al., 2014; Verloigne et al., 2017).

Figure 3 .

 3 Figure 3. Illustration of different patterns of breaks in sedentary time, based on accelerometer data from 2 adults with identical total time spent being sedentary (from Dunstan et al., 2010).
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 2001151 ), Pettee-Gabriel and Morrow. (2012), and Chastin et al. (2013) will be presented following a chronological order. In addition, an ongoing project (ALPHABET project) will be presented. Measurement model for physical activity and energy expenditure (LaMonte and Ainsworth, 2001) In 2001, LaMonte and Ainsworth proposed a framework for measuring physical activity and energy expenditure, collectively referred to as human movement (Figure 4) (LaMonte and Ainsworth, 2001). This framework made the distinction between physical activity, as a behavior, and energy expenditure, as the energy cost of the behavior. The framework provides examples of measurement methods using direct and indirect measures of physical activity and energy expenditure. For physical activity, direct measures include motion sensors, direct observation and global positioning system. Indirect measures include physical activity records, 24-hour recalls and questionnaires. For energy expenditure, direct measures include calorimetry and doubly labeled water. Indirect measures include oxygen uptake, heart rate, body temperature and ventilation. For each measurement method, it is possible to extrapolate each metric to energy expenditure for use in analysis of energy expenditure and health outcomes.
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 4152 Figure 4. Conceptual model for defining and assessing physical activity and energy expendituree (from LaMonte and Ainsworth, 2001).

Figure 5 .

 5 Figure 5. Conceptual framework for physical activity and sedentary behaviors (from Pettee-Gabriel and Morrow., 2010).

  ) characterizing the purpose (why), the environment (where), the social context (with whom), the type or modality (what), associated behaviours (what else), when the behaviour take place (when), the mental and functional states of sedentary individual (state), the posture, and the measurement and quantification issues(Chastin et al., 2013). The taxonomy provides a standardized classification of sedentary behaviors, and should help in harmonizing the collection, organization and retrieval of relevant data and information on sedentary behaviors.

Figure 6 .

 6 Figure 6. Taxonomy level one facets and coding labels (from Chastin et al., 2013).

Figure 7 .

 7 Figure 7. Taxonomy of Self-reported Sedentary Behavior Tools (from Dall et al., 2017)

  al., 2012; Herrmann et al., 2013; Mumu et al., 2017; Wanner et al., 2017). For test-retest reliability, correlations ranged from poor (test-retest recall frame = 3 weeks, r = 0.13 for women, r = 0.32 for men) (Thuy et al., 2010), moderate (tet-retest recall frame = 2 weeks, r = 0.69) (Trinh et al., 2009) and good (testretest recall frame = 10 days, ICC = 0.83-0.92) (Herrmann et al., 2013) for physical activity and sitting time. Long-term reliability (2-3 months) was lower that short-term reliability over 10 to 14 days in Trinh and colleagues' study (2 weeks test-retest: r = 0.50 to 0.74; 2 months test-1

  represents a new and major challenge to population health. In 2011, the General Assembly of the United Nations adopted the Political Declaration of the High-level Meeting of the General Assembly on the Prevention and Control of Non-Communicable Diseases (United Nations General Assembly, 2011). It was the second time only in the history of the United Nations that the General Assembly met about a specific health issue (the first one concerned AIDS), illustrating the global concern for NCDs. This political declaration committed member states to a comprehensive set of actions to prevent and control NCDs, with a specific goal on strengthening country-level surveillance systems, including the monitoring of risk factors, as such surveys are recognized critical in appropriately addressing NCDs. Soon after the United Nations political declaration, WHO developed a monitoring framework to track global progress in preventing and controlling major NCDS, and their key risk factors (WHO, 2013a). This framework includes 9 global targets to be attained in 2025, and 25 indicators. Global targets include: 1. A 25% relative reduction in the overall mortality from cardiovascular diseases, cancer, diabetes, or chronic respiratory diseases; 2. At least 10% relative reduction in over-consumption of alcohol 2, as appropriate, within the national context; 3. A 10% relative reduction in prevalence of insufficient physical activity 2 ; 4. A 30% relative reduction in mean population intake of salt/sodium; 5. A 30% relative reduction in prevalence of current tobacco use in persons aged 15+ years; 6. A 25% relative reduction in the prevalence of raised blood pressure or contain the prevalence of raised blood pressure, according to national circumstances; 7. Halt the rise in diabetes & obesity; 8. At least 50% of eligible people receive drug therapy and counseling (including glycaemia control) to prevent heart attacks and strokes;
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 5222 Institutions implementing national studies measuring physical activity and sedentary behaviors Two institutions placed under the authority of the Health Ministry ensure the implementation of surveillance studies as part of their missions, including questions on physical activity and sedentary behavior: the French Public Health Agency and Anses. The French Public Health Agency results from the merging of the National Institute for Prevention and Health Education (Inpes), the Institute for Public Health Surveillance (InVS) and the French Preparedness and Sanitary Emergency Response Establishment (Eprus), in May 1 st of 2016. Public Health France is an administrative public establishment placed under the authority of the Health Ministry. It was created by the ordonnance n° 2016-462 of 14th April 2016, and the decree n° 2016-523 of 27 th April 2016, and was thought in the law on the modernization of the health system (art. 166 of the law n° 2016-41 of 26 th January 2016). As defined by these documents, Public Health France must carry out the tasks previously accomplished by InVS, Inpes and Eprus. To that end, Public Health France: -Analyzes up-to-date knowledge and data on the determinants of health and risk factors; -Provides decision makers at all levels with independent evidence-based guidance and recommendations. It will be supported by expert committees; -Proposes measures to health authorities to protect the population from health threats; -Develops evidence-based interventions for prevention and health promotion; -Contributes to preparedness and management of health crisis, and provide support for the implementation of response plans. Among its mission, Public Health France has to implement the National Nutrition and Health Program, previously under the responsibility of Inpes. In this context, Public Health France must produce national indicators on nutrition, physical activity, and sedentary behavior, and contributes to the promotion of physical activity and reduction of sedentary behavior. Like Public Health France, Anses is an administrative public establishment, and is accountable to the French ministries in charge of Health, Agriculture, the Environment, Labour and Consumer Affairs. Anses exists since the first of July 2010, following the ordonnance of 8 th

  years, Inpes implements a Health Barometer aiming to track knowledges, behaviors, attitudes, and perceptions toward risk-taking and health status of the overall French population; including, but not limited to, smoking, eating habits, vaccination, as well as physical activity and sedentary behavior. Health Barometer is a periodic survey, and the 9 th edition has been implemented during the year 2017. From the 8 previous Health Barometers, only the surveys of 2005 and 2008 included questions on physical activity and sedentary behaviors (Beck and Guilbert, 2005, Beck et al., 2008). InVS has implemented in 2006 the National Health and Nutrition Study (leaded by a joint team Invs -Paris 13 University), and more recently the Esteban study (Esen, 2017). National Health and Nutrition Study (ENNS) aimed to be a surveillance tool to assess indicators of the National Nutrition and Health Program, and to provide descriptive information on eating habits, nutritional status and physical activity of the overall metropolitan population (Usen, 2006). Esteban study addresses multiple needs: it includes a biomonitoring component to respond the needs of the National Plan on Health and Environment, a nutritional component including diet, physical activity and sedentary behaviors to meet the requirements of the National Nutrition and Health Program, and the surveillance of chronic diseases.Finally, among the studies implemented by Anses, the ones on eating habits (INCA studies) address the issue of physical activity and sedentary behavior. The objective of INCA studies is to assess risks relative to food and nutrition(Lafay et al., 2009). To do so, INCA studies assess food consumption, food composition, and life habits. INCA studies happen every 7 years, since 1999, and has been implemented 3 times so far.3.5.2.2.4 Main results ofFrench surveillance studies measuring physical activity and sedentary behaviors Physical activity and sedentary behaviors surveillance studies have been analyzed and discussed in Study 1 of this thesis. The results of French surveillance studies measuring physical activity and sedentary behaviors are presented in Study 1. In summary, 6 studies have been implemented from 2006 to 2015, measuring physical activity and sedentary behaviors with questionnaires, in representative sample of the French population.French national studies showed 61.3% to 79.4% of the adult population met the WHO recommendations for moderate-to-vigorous physical activity. For sedentary behaviors, mean total sitting time of 4h41 and 4h38 per day were reported among adults Rough estimates of youth meeting the WHO recommendation for 60 minutes of moderate-tovigorous physical activity daily reported prevalence of 43.2% for adolescents aged 15 to 17 years, between 32.3% and 401% for children and adolescents aged between 11 to 17 years, and between 17.8 to 24.4% for children aged 10 years and younger. Mean daily screen time ranged between 1h47 for children aged 3-6 years, to 4h50 for adolescents aged 15-17 years.

Axis 1 .Axis 2 .Axis 1 .

 121 Surveillance of physical activity and sedentary behaviors  Study 1. Rivière F., Escalon H., Duché P., Drouillet-Pinard P., Vuillemin A. National surveillance of physical and sedentary behaviors in France. (Submitted)  Study 2. Aucouturier J., Ganière C., Aubert S., Riviere F., Praznoczy, C., Vuillemin A., Tremblay M.S., Duclos M., Thivel D. Results from the first French Report Card on Physical Activity for Children and Adolescents (2016). Journal of Physical Activity and Health. in press. Measurement of physical activity and sedentary behaviors  Study 3. Rivière F., Aubert S., Yacoubou Omorou A., Ainsworth B.E., Vuillemin A. Content comparison of sedentary behavior questionnaires: a systematic review. (Submitted).  Study 4. Rivière, F., Widad, F. Z., Speyer, E., Erpelding, M. L., Escalon, H., Vuillemin, A. (2016). Reliability and validity of the French version of the global physical activity questionnaire. Journal of Sport and Health Science. Surveillance of physical activity and sedentary behaviors Study 1. Surveillance of physical activity and sedentary behaviors: case-study using French surveillance data Abstract Background: This work aims to shed light on limitations of current physical activity surveillance by describing French national surveillance studies as examples. Methods: Five national experts of physical activity and public health gathered to discuss the main results and the measurement tools of French surveillance studies. Results: Six studies published since 2005 monitored physical activity and sedentary behaviors among adults; 4 included youth and children. From 62.8% to 79.4% of adults and 29.8% to 43.2% of adolescents 15-17 years old reported a level of physical activity meeting the recommended target. All studies focused on aerobic physical activity, and none measured muscle-strengthening and joint mobility exercises, and all relied on questionnaires. Because different questionnaires were used or because of changes in wording, comparison over time is limited. In addition, questionnaires showed poor accuracy in estimating compliance with physical activity guidelines. Conclusion: Although guidelines provide recommendations on muscle-strengthening and joint mobility exercises, only aerobic physical activity has been assessed in questionnaires. This paper highlights the complexity in measuring physical activity and sedentary behavior and the need to develop recommendations for best practices in measuring physical activity and sedentary behavior for surveillance study.

8  10 

 810 levels and sedentary time with the recommended values. Over the last 2 decades, recommendations on PA have not fundamentally changed, and the most remarkable change is the recent formulation of recommendations on SB. In France, since the early 2000s, the French Ministry of Health, as part of the National Nutrition and Health Program (PNNS), recommended for adults to engage in at least 30 minutes of brisk walking daily, or an equivalent amount of PA, and for youth to engage in at least 60 minutes of brisk walking daily, or an equivalent amount of PA (PNNS 2011-2016, PNNS 2006-2010, PNNS 2001-2005). Six national health studies enabling an estimate of PA prevalence have been implemented, from 2005 to nowadays, by different actors of the health sector:  2005 Health Barometer and 2008 Health and Nutrition Barometer by the National Institute for Prevention and Health Education (Inpes) (,which recently became Santé publique France, the national public health agency), 7,National Nutrition and Health Study in 2006-2007 and Esteban study in 2014-2016 by InVS (Institute for Public Health Surveillance, which became Santé publique France, the national public health agency after merging with Inpes and the Establishment for Public Health Emergency Preparedness and Response (Eprus)), 9,INCA2 in 2006-2007 and INCA3 in 2014-2015 studies byAnses, 11,12 

From the 6

 6 studies identified, the measurement of PA and SB is based on 3 different questionnaires in adults, 3 in adolescents aged 15-17 years, 1 in adolescents aged 11-14 years, and 1 questionnaire in children aged 3-10 and under. ENNS, 2005 Health Barometer, and INCA2 used the short form of the International Physical Activity Questionnaire (IPAQ-SF) for adults, 2008 Health Barometer used the Global Physical Activity Questionnaire (GPAQ), and Inca 3 and Esteban studies used a slightly modified form of the Recent Physical Activity Questionnaire (RPAQ). The IPAQ-SF is the shortest and is composed of 8 items measuring overall moderate and vigorous PA, walking, and sitting time during the last 7 days. The GPAQ includes 16 items, asking for moderate to vigorous PA at work (including paid and unpaid work, household chores, and study/training), during leisure-time transportation, and sitting time, in a typical week. The French form of the RPAQ is composed of 3 parts with several questions, measuring in the last 4 weeks, PA at work, for transportation, for home activities, leisure or sports, and sedentary time spent at home (watching TV, playing video games or using a computer), at work, and for transportation. The GPAQ, IPAQ-SF and RPAQ scoring protocols provide information on PA energy expenditure, and estimate levels of PA among adults. ENNS and Esteban, as well as Inca 2 and Inca 3 studies used the questionnaire developed by the French Nutritional Epidemiological and Surveillance Unit (Usen) for children aged between 3 and 10, and the Youth Risk Behavior Survey Questionnaire (YRBS) for adolescent aged between 11 and 14. For adolescents aged 15-17, Health Barometer 2005, ENNS and INCA2 used the IPAQ-SF, whereas Esteban and INCA3 used the YRBS as for younger adolescents. The IPAQ-SF and GPAQ used with adolescents are the same as the ones used with adults and previously described. The YRBS used in ENNS and INCA2 is comprised of 6 items, from which 4 ask about frequency of moderate PA (lasting at least 30 minutes), frequency of vigorous PA (lasting at least 20 minutes), and frequency and duration of physical education at school, during the last 7 days. The other 2 items measure time spent watching TV, playing video games or using a computer, in the last 7 days. Esteban and INCA3 studies have used a modified version of the YRBS questionnaire. Major modifications concern moderate and vigorous PA lasting at least 60 minutes and 40 minutes respectively, instead of 30 minutes and 20 minutes, and the description of screen time in 3 items instead of 2. For children, the questionnaire developed by Usen to assess PA and SB was completed by parents. This questionnaire has some similarities with the YRBS, 4 items ask about mode of transportation, frequency of outdoor active playing, frequency of physical education at school, and frequency of organized sport outside of school; and 2 items ask about time spent watching TV, playing video games or using a computer. Esteban and INCA3 studies also used a modified version of the questionnaire; the major modification concerns the description of screen time in 3 items instead of 2. As for adults, IPAQ-SF and GPAQ provides estimate of PA levels among adolescents aged between 15 and 17. The YRBS provides estimate of PA levels based on former US recommendations on physical activity (at least 20 minutes

recommendations, 62 ,

 62 8% in INCA3 (18-79 years), 63.2% in ENNS (18-74 years), and 66.9% in Health Barometer 2008 (15-75 years). As for SB, the Health Barometers 2005 and 2008 found a mean sitting time of 4h41 and 4h38, respectively. ENNS study reported a mean time spent watching a screen (TV, playing video games and computer) of 3h21; whereas INCA2 studies reported screen time of 3h30, and INCA3 reported a sedentary time of 4h52 in 2014-2015. Esteban reported the higher sitting time with a mean value of 6h35 per day. Physical activity and sedentary behavior of children and adolescents ENNS, Inca 2, and Health Barometers studies enable to estimate the percentage of adolescents aged 15 to 17 years who meet the recommendations on PA, based on the 'high' category of the GPAQ and IPAQ-SF. ENNS found that 29.8% of adolescents met the recommendations, against 43,2% for INCA2 study, and 52% for 2008 Health Barometer. To our knowledge, 2005 Health Barometer has published the results for the all population aged between 15 to 75, and hasn't studied the proportion of adolescents only (aged 15 to 17 years) meeting the recommendations. INCA3 and Esteban studies proposed to estimate the percentage of children and adolescents aged 15 and under who met the recommendations, by using the 'high' level from the modified YRBS questionnaire (engaging in at least 60 continuous minutes of moderate intensity PA everyday, or 40 continuous minutes of vigorous PA at least 5 days a week) and from the Usen questionnaire (engaging in PA at least 5 days a week, and using active transportation to go to school). The prevalence of youth, from INCA3 study, meeting the recommendations was 24.4% (3-6 years), 38.1% (11-14 years), and 24.2% (15-17 years). Esteban sutdy reported that 17.8% of children aged 6-10 years and 40.1% of adolescents aged 11-17 years

  children and adolescents in France. Overall, the research activity in the field of physical activity in youth is weak. As an indicator, approximately only 2% of the obtained results using « Physical Activity » and « Children » as key words for a Medline search are based on studies including French children. Moreover, data reported in the present report are the most recent that can reflect the French youth population are already close to 10 years old. Results from the INCA 3 as well as the Esteban survey studies are expected for 2017 and will constitute an important update. Organized Sport Participation: D We assessed participation to organized Sport based on the number of sports licenses delivered by French sports federations after registration in sports club in 2015. Licenses delivered for school-based organized sports are excluded of the current section.

  need for larger scale studies to assess what French children are currently doing in terms of PA which remains largely unknown. Implementing such a national policy involving the different concerned sectors and based upon a clear coordination would fit within the 2016-2025 World Health Organization strategy for physical activity in European regions whose priorities are to support the development and health of children and adolescents as well as to favor better monitoring and surveillance, and to support the provision of tools and platforms to enhance evaluation and research processes.
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  correlation at both D0 (r = 0.66, 95%CI: 0.53-0.76) and D8 (r = 0.67, 95%CI: 0.54-0.77). Results of Bland-Altman analysis (Fig.1A, C) for the GPAQ and IPAQ demonstrated a mean difference of 637.2 ± 1641.5 MET min/week. The limits of agreement for the 2 instruments were wide, with the difference between 1004.3 and 2580.1. For sedentary time, the mean difference of sedentary time was -15.5 ± 79.2 min/day.

Fig. 1 .

 1 Fig. 1. Bland-Altman plots of the validity of the Global Physical Activity Questionnaire (GPAQ). A&C: Agreement of GPAQ with IPAQ for total PA(A), sitting time (B) at D0; B&D: Agreement of GPAQ with accelerometer for total PA (C), sitting time (D) at D8. IPAQ = international physical activity questionnaire; PA = physical activity.

  in PubMed, 221 in PsycINFO/ARTICLES and 202 in SportDiscus. When selecting articles based on the inclusion criteria, 82 studies were retrieved and 3 additional articles were identified based on hand-searching of existing reviews for a total of 60 questionnaires. The retrieval process and the full list of questionnaire abbreviations and their corresponding definitions are presented in Fig 3 and S1 Appendix, respectively.

  Important differences were observed in the characteristics of SB measured: most of the questionnaires assessed the Time (n=55), Posture (n=54), Purpose (n=46) and Type (n=45) of the SB, 20 enquired about Environment, only 11 asked about the Social context, 2 about the Status and 2 about the Associated Behaviors. The mean number of items per questionnaire was 14.2 [min -max = 1 -115], and the mean number of SB characteristics measured per questionnaire was 9.4 [min -max = 2 -27]. For questionnaires measuring only SB, the mean number of SB characteristics per questionnaire was 11.5 [min -max = 2 -27], while for questionnaires measuring both PA and SB the mean number was 8.1 [min -max = 2 -23]. The most frequent SB characteristics in questionnaires were the posture

  [101] Little is known about whether sedentary multitasking might induce a greater health risk or has both distinct positive and negative health outcomes. It has been suggested that multitasking activities are associated with an increase in negative emotions, stress, psychological distress, and work-family conflict in women [102], and that media multitasking could be a unique risk factor for mental health problems[103]. The understanding of the association between media use and mental health needs to consider not only what types of media people are using, but how they are engaging with and what is the content of those media. All together these results support the need to consider multitasking when investigating health effects of SB.
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  If a SB characteristic within an item is explained by examples both the SB characteristic and the examples should be linked. However, the taxonomy categories to which the examples have been linked should be put within parentheses.

  activity and public health gathered to report findings on prevalence of physical activity and sedentary behaviors, and discuss measurement issues. Six national health studies enabling an estimate of physical activity prevalence have been implemented, from 2005 to nowadays. All studies have used questionnaires to measure physical activity and sedentary behaviors. For adults, the IPAQ-SF, GPAQ and a modified version of RPAQ have been used. For adolescents aged 15-17 years the IPAQ-SF, GPAQ, and modified questions from the United States Youth Risk Behavior Survey (YRBS) have been used. For adolescent aged 11-14 years original and modified questions from the YRBS have been used, and for children aged 10 years and younger a French questionnaire developed by the French Nutritional Survey uses objective monitoring (i.e. accelerometers) to measure physical activity since its first implementation in 2007.This enables an accurate tracking of Canadian physical activity levels and sedentary time (Statistics Canada, 2015).The second main issue identified in study 1 is related to the indicators of physical activity and sedentary behaviors. The report from the evaluation of the PNNS suggested the need to develop a relevant matrix of indicators that measure physical activity and sedentary behaviors, the monitoring of which will be prioritized and will enable the evaluation of the efficiency of the PNNS (General Inspectorate of Social Affairs, 2016). The work realized during this thesis led to the same conclusion. The objectives of the PNNS is to increase by 20% the proportion of adults with a moderate level of physical activity (as determined with the IPAQ and GPAQ), and by 20 and 25% the proportion of men and women with a high level of physical activity, respectively, over 5 years(PNNS 2011(PNNS -2015)). The IPAQ and GPAQ are used to assess physical activity. Yet, a questionnaire different from the IPAQ or GPAQ, with a different scoring, protocols has been used in the most recent French surveys (Esteban and Inca 3), which make it unclear how to evaluate the achievement of these targets. For youth aged between 3 and 17 years, the PNNS 2011-2015 aimed to have50% of youth engaging in at least 60 minutes of vigorous physical activity 3 days or more per week and to reduce by 10% daily screen time within five years. However, the questionnaires used in the most recent surveys asks about vigorous-intensity physical activity lasting at least 40 minutes. Therefore, these questionnaires do not allow to determine whether the objectives for physical activity are met.

  3 aimed to assess the test-retest reliability as well as criterion and concurrent validity of the French version of the GPAQ by comparison with the French IPAQ-LF and use of an accelerometer. Participants were invited to participate in a face-to-face interview where they completed the GPAQ and IPAQ-LF. Participants were asked to wear an ActiGraph GT3X+ for 7 consecutive days. Eight days after the first interview, participants returned the ActiGraph and completed the GPAQ and IPAQ-LF a second time. The GPAQv2 showed poor-to-good 1-week test-retest reliability (ICC = 0.37-0.94; Kappa = 0.50-0.62) and concurrent validity against the IPAQ-LF (Spearman r = 0.41-0.86), but only poor criterion validity against ActiGraph GT3X+ minutes for sedentary time (Spearman's r = 0,42, p<0,01), total vigorous physical activity (r=0.

  These limitations could have been improved by calibrating the accelerometers for the physiological capacity of the participants to estimate relative intensity by using individualized activity count cut-points, analyze accelerometer counts to included activities lasting at least 10 minutes only, and giving a diary to participants to indicate the time and intensity of activities that cannot be accurately measured by accelerometers such as swimming and cycling. to report the content of sedentary behaviors questionnaires in a detailed and standardized manner. The content of 60 questionnaires was linked to the taxonomy of sedentary behaviors (Chastin et al., 2013). The following information were reported: (i) the number of items assessing sedentary behaviors characteristics; (ii) the number of SB characteristics identified; and (iii) the facets and categories of the taxonomy covered. The mean number of items per questionnaire was 14.2 [min -max = 1 -115], and the mean number of sedentary behaviors characteristics measured per questionnaire was 9.4 [min -max = 2 -27]. Most of the questionnaires assessed the facets Time (n=55), Posture (n=54), Purpose (n=46) and Type (n=45) of the taxonomy of sedentary behaviors, 20 enquired about Environment, only 11 asked about the Social context, 2 about the Status and 2 about the Associated Behaviors. Differences in questionnaires' content were observed, with the most comprehensive questionnaires measuring up to 27 sedentary behaviors characteristics while the least comprehensive questionnaires measured only sitting time. Important discrepancy in the characteristics of sedentary behaviors measured was noticed, with "TV" and "computer"

Develop a conceptual framework

  of indicators for French physical activity and sedentary behaviors monitoring system. The lack of standardized continuous measurement might be partially explained by the lack of standardized framework of indicators. In France, the surveillance of physical activity and sedentary has grown in uneven ways, with different studies funded and implemented by different institutions. The lack of adequate coordination between these institutions may be responsible of some limitations identified by this thesis, for instance the existence of multiple, overlapping data sources in some years (for example INCA 3 and Esteban provide information regarding the same indicators, over the same years), while other years no survey was implemented. A framework of indicators could help in structuring the surveillance of physical activity and sedentary behaviors. Public health actors in France should aim to develop a standardized framework of indicators that would guide the implementation of survey and the identification of the best measure and data source for each indicator. The objective of such framework would be to support a more comprehensive surveillance of physical activity and sedentary behavior in France, and should become the foundation for surveillance reporting and data development in these areas. As an example, Canada has developed a list of key indicators that highlight the different components of daily activity and organized them in a framework called the Physical Activity, Sedentary behavior and Sleep (PASS) indicator framework (Public Health Agency of Canada, 2017). The PASS indicator list relies on a knowledge-based conceptual model. The conceptual model is based on a socio-ecological approach of behavioral determinants, and includes sleep, sedentary behaviors, light-, moderate-, and vigorous-intensity physical activity, and helped guiding the selection of indicators. Indicators were selected based on the following criteria: a strong body of evidence linked the indicator to the behavior/outcome of interest, the indicator provided information that was considered to be highly salient and relevant to the target population and the user, the indicator provided information that could inform, influence, or change public health policy, data collection, and/or practice, and the indicator was scientifically sound, valid, reliable, sensitive to change, interpretable, and complete. The PASS indicator framework identified 55 unique indicators, with 30 indicators overlapping the two age groups, in such a way that there are 44 indicators for children and youth (aged 5 to 17), and 41 indicators for adults (aged 18 or more). The PASS indicator framework is available online, at https://infobase.phac-aspc.gc.ca/pass-apcss/. Based on the conceptual model, the list of indicators provides a comprehensive set of information to collect, and help in guiding the surveillance of movement behaviors in Canada. The development of a framework of indicators, and the selection of measurement tools, must be the results of a collective reflection. Examples of surveillance systems from other countries could be examined, including Canada, USA and Australia. Overall, the framework of indicators should aim at providing a comprehensive understanding of physical activity participation and sedentary lifestyle to guide policy planning, resource allocation, setting and tracking national goals, assessing changes in physical activity and sedentary behaviors determinants, and evaluating national campaigns. The framework of indicators could include a variety of indicators, including levels of physical activity and sedentary time, context (work, school, home) and type (endurance or resistance exercises, TV viewing or driving a car) of physical activity and sedentary behaviors, and influencers at the intrapersonal (for example enjoyment levels and perceived benefits and risks), interpersonal (for example social support), social and physical environment (for example the numbers of TV at home and neighborhood walkability), and policy and program levels (including public health, urban planning, and transport policies). Such framework of indicators could help in coordinating the surveillance system by identifying the data source for each indicator. The framework might also facilitate the integration of data sources other than health surveys. For example, active transportation is measured in detail in French National Survey on Transport. Finally, it allows to determine which indicators cannot be assessed with existing data sources, and might guide the development of future surveys.

Figure 8 .

 8 Figure 8. Approaches to measuring physical and sedentary behaviors by report and devices (from Troiano et al., 2012).
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 12122 Surveillance of physical activity and sedentary behaviors should rely on standardized, repeated measurements; Key elements of data collection and processing protocols, such as physical activity and sedentary behaviors questionnaires, survey administration modes, survey time frames, and definitions of indicators, should be standardized;  The psychometric properties of the instrument used should have been tested in the population of interest; The selection of the measuring tool should be made in adequacy with the indicators needed;  A conceptual framework of indicators for comprehensive physical activity and sedentary behaviors surveillance should be developed to guide the implementation of surveys; The surveillance system should not only provide trends information on physical activity and sedentary behaviors, but also collect information on other influencing factors such as programs and policies, and social and physical environment. This thesis is timely. At the national level, Public Health France must soon release the PNNS 2017-2021 with updated recommendations and indicators for physical activity and sedentary behaviors. This thesis might help in identifying indicators and choosing the best measuring instrument(s) to report on these indicators. In 2024, France will organize the 2024 Olympic games. One of the objective of the French organizing committee is to use the Olympic games to foster physical activity promotion. This event is an opportunity to obtain new funding to implement physical activity survey to measure the impact of the games on the physical activity level of the population. At the European level, the EUPASMOS project (European Union Physical Activity and Sport Monitoring System) aims to implement Physical Activity and Sport Monitoring System, through the development of an integrated and shared methodological process that will provide comparable, valid and reliable sedentary behaviors patterns, physical activity and sport participation data across European Union Member States. The project, funded within the frame of Erasmus+ Sport, is led by Instituto Portugues do Desporto e Juventude I.P. (Lisboa) and involves 8 additional partners organization, including France. This thesis fits within the WHO European region physical activity strategy 2016-2025 and the WHO global action plan on physical activity 2018-2030 which draft is under development (WHO, 2017). In its current form, the draft of WHO global action plan on physical activity 2018-2030 and the WHO European region physical activity strategy encourage member states to strengthen population surveillance of physical activity across all ages and domains, to track trends, and to ensure timely reporting; and to assess policies and national action. As part of its 2018-2030 action plan, WHO will provide support to help member states in their actions,que vous pratiquez des sports, du fitness ou des activités de loisirs de forte intensité qui nécessitent une augmentation importante de la respiration ou du rythme cardiaque comme [courir ou jouer au football] pendant au moins dix minutes d'affilée ? [INSÉRER DES EXEMPLES LOCAUX ET MONTRER LES CARTES] Oui Si Non, aller à P 13 11 Habituellement, combien de jours par semaine pratiquez-vous une activité sportive, du fitness ou d'autres activités de loisirs de forte intensité ? Nombre de jours └─┘ P11 12 Lors d'une journée habituelle, combien de temps y consacrez-vous ? que vous pratiquez des sports, du fitness ou des activités de loisirs d'intensité modérée qui nécessitent une petite augmentation de la respiration ou du rythme cardiaque comme la marche rapide [faire du vélo, nager, jouer au volley] pendant au moins dix minutes d'affilée ? [INSÉRER DES EXEMPLES LOCAUX ET MONTRER LES CARTES] Oui Si Non, aller à P16 14 Habituellement, combien de jours par semaine pratiquez-vous une activité sportive, du fitness ou d'autres activités de loisirs d'intensité modérée ? Nombre de jours └─┘ P14 15 Lors d'une journée habituelle, combien de temps y consacrez-vous ? La question suivante concerne le temps passé en position assise ou couchée, au travail, à la maison, en déplacement, à rendre visite à des amis, et inclut le temps passé [assis devant un bureau, se déplacer en voiture, en bus, en train, à lire, jouer aux cartes ou à regarder la télévision] mais n'inclut pas le temps passé à dormir. [INSÉRER DES EXEMPLES LOCAUX ET MONTRER LES CARTES] 16 Combien de temps passez-vous en position assise ou couchée lors d'une journée habituelle Si Non, aller à P 10
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 1 

	and are discussed in the

Table 1 .

 1 Physical activity quantitative components (definitions from[START_REF] Strath | Guide to the assessment of physical activity: clinical and research applications[END_REF]. Specific activity performed (e.g. walking, gardening, cycling). Mode can also be defined in the context of physiological and biomechanical demands/types (e.g. aerobic versus anaerobic activity, resistance or strength training).

	Mode	
	Frequency Number of sessions per day or per week. In the context of health-promoting
		physical activity, frequency is often qualified as number of sessions (bouts)
		≥10 min in duration/length.
	Duration	Time (minutes or hours) of the activity bout during a specified time frame
		(e.g. day, week, year, past month).

Intensity

Rate of energy expenditure. Intensity is an indicator of the metabolic demand of an activity. It can be objectively quantified with physiological measures (e.g. oxygen consumption, heart rate), subjectively assessed by perceptual characteristics (e.g. rating of perceived exertion, walk-and-talk test), or quantified by bodily movement (e.g. stepping rate, 3-dimensional body accelerations).

Table 2 .

 2 Classification of aerobic exercise intensity (adapted from ACSM, 2011 and Norton et al., 2010).

	Intensity category	Relative intensity	Absolute intensity
		< 40% HRmax	
	Sedentary	<20% VO2max	≤1.5 METs
		RPE < 8	
		40 -63% HRmax	
	Light	20 -45% VO2max	1.6 -2.9 METs
		RPE 9 -11	
		64 -76% HRmax	
	Moderate	46 -63% VO2max	3.0 -5.9 METs
		RPE 12-13	
		77 -95% HRmax	
	Vigorous	64 -90% VO2max	6.0 -8.7 METs
		RPE 14 -17	
		≥ 96% HRmax	
	High	≥ 91% VO2ma	≥ 8.8 METs
		RPE ≥18	

HRmax: maximal heart rate ; VO2max: maximal oxygen consumption; METs: multiples of resting energy expenditure; RPE: rating of perceived exertion.

  METs)[START_REF] Pate | The evolving definition of" sedentary[END_REF]. According to Pate et al. "sedentary behavior refers to activities that do not increase energy expenditure substantially above the resting level and includes activities such as sleeping, sitting, lying down, and watching television, and other forms of

	screen-based entertainment" (Pate et al., 2008, p. 174). In 2010, Owen et al. made explicit that
	sedentary behaviors involve a specific posture (sitting) combined with a low level of energy
	expenditure (1.0-1.5 METs) (Owen et al., 2010). Furthermore, Owen et al. highlighted the fact
	that sedentary behaviors could occur in different contexts, including during commuting, in the
	workplace and the domestic environments, and during leisure time (Owen et al., 2010). In 2012,
	the Sedentary Behavior Research Network (SBRN) defined sedentary behaviors as "as any

). In 2008, Pate et al. more clearly defined sedentary behaviors based on the activity energy expenditure, and made the differentiation between sedentary behaviors (1.0-1.5 METs), and light physical activities (1.6-2.9 waking behavior characterized by an energy expenditure ≤1.5 METs while in a sitting, or reclining posture" (SBRN, 2012), thus excluding sleeping as a sedentary behavior (Pate et al., 2008). The SBRN definition has been largely used since, and seems to have received broad acceptance among the academic community. In 2017, the SBRN complemented their definition by including the posture of lying down. The SBRN now defines sedentary behaviors as "any waking behavior characterized by an energy expenditure ≤1.5 METs while in a sitting, reclining, or lying posture" (Tremblay et al., 2017).

  To date, there is no consensus on the minimum period a sedentary bout should last. In a discussion of sedentary time, Altenburg and Chinapaw observed that many different operational definitions of sedentary bouts were used in research (Altenburg and Chinapaw, 2015) including at least 30 min with ≥80% of time below the sedentary cut-point of 100 counts/minute (Carson et Janssen, 2011) and at least 20 min with ≥80% of time below the sedentary cut-point of 100 counts/minute (Colley et al., 2013). Others have defined a sedentary bout as a continuous period of sedentary time below the sedentary cut-point of 100 counts/minutes (Saunders et al., 2013; Carson et al., 2014) or 25 counts per 15 seconds (Verloigne et al., 2017). Because it is unknown how long a sedentary bout is related to negative health effects, Altenburg and Chinapaw recommended a

sedentary bout be defined as a minimum period of uninterrupted sedentary time not allowing any "tolerance time" (defined as non-sedentary time)

[START_REF] Altenburg | Bouts and breaks in children's sedentary time: currently used operational definitions and recommendations for future research[END_REF]

.

  . The taxonomy of sedentary behaviors is the result of the first round of an open science project (collaborative work opened to everyone) called "SIT" (Sedentary behaviors International Taxonomy project). Led by Chastin et al. this formal consensus process offered a comprehensive frame of reference for sedentary behaviors developed through a Delphi method involving international experts. The Delphi method is a collaborative forecasting technique that relies on a panel of experts. Delphi method combines independent analysis with maximum use of feedback, for building consensus among experts who interact anonymously during 2 or more rounds. At each round, experts answer questions

and provide input on the subject of interest, until some degree of mutual agreement is reached among the experts. The taxonomy includes 9 complementary facets (categories) (see Figure

6

1.5.4 ALPHABET project

  

	ALPHABET is described as an open science project aiming to develop a common taxonomy
	for classification, harmonization and storage of objective tracking sensor data of human
	physical behavior in daily life, through an international consensus process using the Delphi
	Method. It aims to reach international consensus on an overarching definition for the study of
	how activities, physical actions and movements as part of human daily behavior impacts health
	and well-being; and on an integrated classification system, data model and nomenclature. A
	brief description is available online (AlPHABET: Development of A Physical Behaviour
	Taxonomy with an international open consensus. Retrieved October 14, 2017 from
	https://osf.io/2wuv9/).
	1.6 Summary
	Physical activity and sedentary behaviors are human movement behaviors, and are commonly
	defined based on their energy expenditure attribute. To avoid confusion, definitions and
	conceptual models have been developed. Sedentary behavior is defined as "as any waking
	behavior characterized by an energy expenditure ≤1.5 METs while in a sitting, reclining or
	lying posture" (Tremblay et al., 2017). Physical activity has been defined as "the behavior that
	involves human movement, resulting in physiological attributes including increased energy
	expenditure and improved physical fitness" (Pettee-Gabriel and Morrow 2012). In addition,
	conceptual models emphasize the importance to make the distinction between the behaviors,
	that could occur in different settings, and the physiological consequences of the behaviors
	(LaMonte and Ainsworth, 2001; Pettee-Gabriel and Morrow, 2010). Depending on the
	construct of interest, different measuring tools must be used (LaMonte and Ainsworth, 2001).

Table 3 .

 3 Quality assessment of questionnaire (fromTerwee et al., 2010) 

Construct of interest Preferred instrument of reference Expected correlation

  

	Total energy expenditure	Doubly labelled water	r ≥ 0.70
	Total physical activity	Accelerometer total counts	r ≥ 0.50
	Vigorous physical activity	Accelerometer vigorous activity time r ≥ 0.50
	Moderate physical activity	Accelerometer moderate activity time r ≥ 0.50
	Walking	Pedometer or accelerometer walking	r ≥ 0.70
		time	
	Leisure-time physical activity Accelerometer leisure-time activity	r ≥ 0.50
	Occupational physical activity Direct observation	r ≥ 0.60

Table 4 .

 4 Overview of the measurement qualities of a sample of questionnaire used in physical activity and sedentary behaviors surveillance systems. of HEPA was derived by summing the minutes per day spent walking, cycling and engaging in leisure time moderate-intensity PA, where walking minutes were weighted by 0.5. PA: Physical Activity; MVPA: Moderate to Vigorous Physical Activity. IPAQ-SF: International Physical Activity Questionnaire -Short Form; GPAQ: Global Physical Activity Questionnaire; EHIS PAQ: European Health Interview Survey Physical Activity Questionnaire; BRFSS PAQ: Behavioral Risk Factor Surveillance System Physical Activity Questionnaire; RPAQ:

	. Responsiveness is of particular importance in longitudinal
	study and surveillance system intending to determine changes in physical activity and sedentary
	behaviors over time. It can be assessed by comparing the changes observed with the instrument
	tested with the changes measured with the instrument of reference (Tudor-Locke, 2001).
	Responsiveness for physical activity and sedentary behaviors questionnaires is rarely assessed,

Recent Physical Activity Questionnaire; ALS WH: Australian Longitudinal Study on Women's Health; HBSC: Health Behavior in School Children Survey.

Table 5 .

 5 Contd

	1	Basic demongraphic	Expanded demographic	Mental health, intentional
	Behavioral	information,	information including	and unintentional injury
		including age, sex,	years at school, ethnicity,	and violence and oral
		literacy and highest	marital status,	health
		level of education	employment status,	
			household income	
		Tobacco use	Smokeless tobacco use	
		Alcohol consumption	Past 7 days drinking	
		Fruit and vegetable	Oil and fat consumption	
		consumption		
				Objective measurement of
		Physical activity		physical activity
			History of blood pressure,	
			treatment for raised blood	
			pressure	
			History of diabetes,	
			treatment for diabetes	
		Core items	Expanded items	Optional modules

of national surveillance systems

  Congress on Physical Activity and Public Health, the biennial meeting of the International Society for Physical Activity and Health (ISPAH), with representatives from 72 countries and held in Bangkok, Thailand and ISPAH Members have released the Bangkok Declaration on Physical Activity for Global Health and Sustainable Development(ISPAH, 2017). This -69 years. Overall, about 15% of men and 20% of women did not meet the WHO recommendation for physical activity levels (150 minutes/week of moderate-, or 75 minutes/week of vigorous-intensity physical activity, or an equivalent combination of moderate-to-vigorous physical activity) (WHO, 2010). Country prevalence of physical Sweden (72.2%), Germany (71.5%) and Latvia (71.4%)[START_REF] Gerovasili | Levels of physical activity among adults 18-64 years old in 28 European countries[END_REF]. Sitting time was measured using a variant of the IPAQ-SF sitting item: How much time do you spend sitting on a usual day? A total of 26,617 respondents aged 18 and more were included in the analyses[START_REF] Loyen | Sedentary time and physical activity surveillance through accelerometer pooling in four European countries[END_REF]. Median sitting time was five hours per day. Across Europe, 18.5 percent Canada has also a well-developed surveillance system of physical activity and sedentary behaviors relying on many surveys. The Canadian Health Measures Survey (CHMS), launched in 2007, is an ongoing survey collecting physical activity and sedentary behaviors data from a nationally representative sample of the population aged 3 to 79 years (6 to 79 years in cycle 1). In addition, the 2011-2013 AHS used pedometers to determine the proportions of adults meeting the recommendations for 10,000 steps daily (Australian Government Department of Health, n.d.). Other national surveys, such as the ERASS surveys (Exercise, Recreation and SportSurveys) implemented by the Australian Sports Commission and State and TerritoryDepartments of Sport and Recreation since 2001 provides information on aerobic exercise, and travel surveys conducted by the Australian department of transport, provide information on active transportation. In addition, state-based surveys provide regional information on physical activity and sedentary behaviors. For example, the South Australian Monitoring and Surveillance System (SAMSS) monitors population trends in health risk factors and chronic diseases in the South Australian population. SAMSS includes questionnaires for physical activity and data is collected every month for about 600 adults and children. SAMSS provides

	The Active Healthy Kids Global Alliance was established in 2014 and is a network of
	researchers, health professionals and stakeholders who are working together to advance
	declaration identifies opportunities for urgent prioritization and implementation that will physical activity in children and youth from around the world. They developed a Global Matrix inactivity ranged from 1.6% (Comoros) to 51.7% (Mauritania) for men and from 3.8% of the respondents reported to sit more than 7.5 hours per day, with substantial variation CHMS uses both questionnaires and accelerometers and provides information regarding
	support and promote reduction in physical inactivity and contribute to achieving specific 2030 of 9 common indicators related to children and adolescents' physical activity and sedentary (Comoros) to 71.2% (Mauritania) for women (Guthold et al., 2008). While the IPAQ includes between countries (ranging from 8.9 to 32.1 percent). In general, northern European countries adherence to physical activity guidelines, total moderate-to-vigorous physical activity, total
	Agenda's Sustainable Development Goals (SDGs). The Bangkok declaration encourages to behaviors has been reported for 38 countries on 6 continents (Tremblay et al., 2016). The Global questions on both physical activity and sitting time, the WHO survey only included physical reported more sitting than countries in the south of Europe (Milton et al., 2015; Loyen et al., sedentary time, and recreational screen time for adults and youth (Statistics Canada, 2015). In
	strengthen monitoring and surveillance as "regular monitoring and reporting on progress of Matrix indicators relate to individual behavior (overall physical activity levels, organized sports activity questions. 2016). addition, the Canadian Fitness and Lifestyle Research Institute conducts the Physical Activity
	physical activity, its determinants, and policy implementation are essential in all countries to participation, active play, active transportation, sedentary behaviors), sources of influence Using the same questionnaire (IPAQ-SF), the International Prevalence Study collected 3.5.2 National surveillance Monitoring (PAM) surveys, and Statistics Canada conducts the National Population Health
	Among the 9 principles, the Charter encouraged countries and organizations to build capacity and support training in research, practice, policy, evaluation and surveillance. In July 2013, hold agencies accountable to their commitments and guide effective resource allocations. Yet 2017). Results are encouraging as 90.6% of the 139 included countries had at least 1 national survey with physical activity questions, 13 (9.4%) had no representative national survey with (family and peers, school, community and built environment), and government strategies and The IPAQ-SF asks about the frequency and duration of vigorous intensity, moderate intensity, information on physical activity and sitting time from population samples in 20 countries 3.5.2.1 Examples activity until 2000. Beginning in 2001, other domains of physical activity were added, including Survey -Canadian Community Health Survey (CCHS), providing valuable information for the
	European Ministers of Health from the WHO's European Region adopted the Vienna physical activity questions, 39 (28.1%) had one question, 55 (39.6%) had two questions, and and walking physical activity. Fifty-one countries from mainly low-and middle-income domestic or household activities, occupational activities or physical education, transport-related In Australia, the Australian Health Survey (AHS) is a large, nationally representative survey of
	declaration on nutrition and NCDs in the context of Health 2020 (WHO, 2013b), to address the root causes of obesity and diet-related NCDs. The declaration calls, for the first time, for the development of a strategy on physical activity aiming to support public institutions in increasing 32 (23.0%) had completed three or more national surveys with physical activity questions. Physical activity surveillance activities varie by world region and country income classification. High-income (33.3%) and middle-income (21.6%) countries were more likely to complete three or more surveys, and had another survey scheduled. Conversely, up to one third (33.3%) of countries included this module and submitted the questionnaire to 259,526 people (Guthold et al., 2008). IPAQ-SF was translated through use of a WHO translation protocol involving a bilingual group with both translation and back-translation of the instrument. Of the 259,526 and leisure-time physical activity (CDC, 2017). Other ongoing surveys complement the health status of the Australian population. The AHS is conducted by the Australian Bureau In all 28 EU countries the proportion of physically inactive individuals was 28.6% (95% CI: surveillance of physical activity and sedentary behaviors in the United States, such as the of Statistics since 1989, and includes questions on leisure time exercise since its first edition 27.6%-29.6%), while 71.4% (95% CI: 70.4%-72.4%) were classified as adequately active Survey (Bureau of Labor Statistics, n.d.), the National Household Travel Survey (United States according to WHO's guidelines. There was great variability between countries with the highest American Community Survey (United States Census Bureau, n.d.), the American Time Use providing comparable trends for nearly two decades. The AHS implemented in 2014-2015

During the 57 th World Health Assembly, in May 2004, the WHO endorsed the Global Strategy on Diet, Physical Activity and Health, urging Member States to develop, implement and evaluate actions to promote lifestyles that include a healthy diet and physical activity and foster energy balance

(WHO, 2004)

. In 2010 the Global Advocacy Council for Physical Activity, of the International Society for Physical Activity and Health published The Toronto Charter for Physical Activity: A Global Call for Action

[START_REF] Bull | The Toronto Charter for Physical Activity: a global call for action[END_REF]

. The Charter outlined 4 actions based upon nine guiding principles for a population-based approach to physical activity. These principles were consistent with the Global Strategy on Diet, Physical Activity and Health

(WHO, 2004) 

to increase physical activity and decrease sedentary behaviors worldwide. physical activity levels of the population. The 2016-2025 European strategy on physical activity (WHO, 2015) identifies 5 priority areas for actions, one of them being the need to support action through monitoring and surveillance. Recently, delegates and hosts of the 6th International significant gaps exist in the surveillance of physical activity in children, young people, older adults and within minority populations". Collectively, these advocacy tools reinforced a movement in favor of the promotion and surveillance of physical activity worldwide.

3.5.1.2 International initiatives of global surveillance

Two initiatives of global surveillance of physical activity and sedentary behaviors have been implemented in the past decade. The Global Observatory for Physical Activity (GoPA!), was established in 2012, as a Council of the International Society of Physical Activity and Health, to provide each country information in the areas of surveillance, policy and research in physical activity. Since 2012, GoPA! has collaborated with other institutions and governments worldwide to track progress in physical activity, and to achieve the WHO target of reducing the prevalence of inactivity by 10% by 2025

(Varela et al., 2017)

. In 2017, Varela et al. presented descriptive information on surveillance, policy and research from the first round of data collection by GoPA!, which have also been published as the "1st Physical Activity Alamac", available on the GoPA! Website (www.globalphysicalactivityobservatory.com)

(Varela et al., 

participating low-income countries had not completed a national survey. Although most of the countries have at least one survey on physical activity, less than one third of the countries maintain a continuous surveillance studies

(Varela et al., 2017)

. Overall, GoPA! reports high prevalence of physical inactivity (23%), in all regions of the world for adults aged 18 or older

[START_REF] Sallis | Progress in physical activity over the Olympic quadrennium[END_REF]

. investments. For each indicator, grades ranging from A (excellent) to F (failing) were developed. Grades of A, B or C indicate that at least 40% of youth meet the recommendations.

Average grades for both overall physical activity and sedentary behaviors across the 38 countries were D, meaning that in average less than half of children and adolescents met the recommendations on physical activity and sedentary behaviors (20-39%). Among the 38 countries, only 26% (physical activity) and 29% (sedentary behaviors) earned a grade of A, B, or C. for overall physical activity and sedentary behaviors, respectively. The next Global Matrix aims to increase substantially the number of participant involved and should be released in November 2018.

3.5.1.3 International surveys

International surveys have been implemented to gather information on physical activity and sedentary behaviors. In 2001, WHO launched a large cross-sectional study, the World Health Survey (WHO, 2017), conducted in 70 countries in 2002-2003. Countries were able to choose from a range of questionnaire modules, one of which contained the questions on physical activity from the short form of the International Physical Activity Questionnaire (IPAQ-SF). observations from 51 countries, 212,021 participants with complete and consistent information were included in the analysis conducted in 2007 by Guthold et al. (overall response percentage 81.7%). As the IPAQ-SF is valid only for adults up to age 69, the age range for analysis was restricted to 18between 2002 and 2004 (Bauman et al., 2011). Sitting time was measured using the IPAQ-SF single item on sitting: During the last 7 days, how much time did you usually spend sitting on a weekday? Data were available for 49,493 adults aged 18-65 years. The median reported sitting time was 300 minutes/day, with an interquartile range of 180-480 minutes. Countries reporting the lowest amount of sitting included Portugal, Brazil, and Colombia (medians 180 min/day), whereas adults in Taiwan, Norway, Hong Kong, Saudi Arabia, and Japan reported the highest sitting times (medians 360 min/day) (Bauman et al., 2011). In Europe, the Eurobarometer is a series of public opinion surveys conducted regularly on behalf of the European Commission throughout the EU Member States since 1974. Eurobarometer might include special reports based on in-depth thematic studies carried out for various services of the European Commission or other EU Institutions and integrated in the Standard Eurobarometer's polling waves. As part of these special reports, Eurobarometers of 2002, 2009 and 2013 have included questions on physical activity and sedentary time (European commission, n.d.). All 3 surveys have used the IPAQ-SF to collect data on physical activity and sedentary time. Special Eurobarometer 412 collected data in 2013 among 27,919 individuals from the 28 EU member countries (Gerovasili et al., 2015; Loyen et al., 2016). Analysis for physical activity levels included 19,978 individuals aged 18-64 years (Gerovasili et al., 2015). proportion of inactive individuals noted in Southern European countries, such as Cyprus (53.7%), Portugal (50.6%) and Malta (48.7%), and the lowest proportion in Northern and Western Europe, namely in Sweden, (12.4%), the Netherlands (14.9%) and Finland (15.9%), Countries around the world have implemented surveillance systems at national levels. Some examples are presented below. For instance, physical activity surveillance in the United States has included national and state-based surveys. The NHANES is a population-based survey collecting information on the health and nutrition of the United States population (CDC, 2017). The NHANES was first implemented in 1971, and it is composed of 2 parts: the home interview, and the health examination. Physical activity questions were introduced in 1999, allowing analyzes of secular trends in the proportion of physical activity levels and its correlates. NHANES provides data for adults (leisure-time, transportation and household activities) and children (leisure-time activities). In 2003, accelerometry data were collected in addition to selfreport. In the 2003-2004 and 2005-2006 cycles of the National Health and Nutrition Examination Survey (NHANES) in the United States, survey participants ages 6 years and older were asked to wear an ActiGraph 7164 on a waist belt during all non-sleeping hours for seven days. By including nearly 15,000 participants, it represented the largest population-based survey using accelerometers at the time (Troiano et al., 2014). In addition to NHANES, the BRFSS collects physical activity data since 1984, although it focused only on leisure-time Department of Transportation, n.d.), and the National Health Interview Survey (CDC, 2017). population surveillance of physical activity in Canada. The NPHS was conducted from 1994 to 1999, and has been replaced by the CCHS. The PAM survey has first been implemented in 1995, and provides information on the percentage of adults intending to be physically active, who report that physical activity is generally pleasant, and who report being confident for engaging in 30 minutes of moderate physical activity three or four times a week (Katzmarzyk and Tremblay, 2007; Canadian Fitness and Lifestyle Research Institute, 2017a). For youth, the PAM survey asks for participation in sports, level of parental support and level of community safety. The CCHS provides information on occupational, household and leisure time physical activity, active travel, and the built environment (for examples the presence of parks and recreation facilities) (Canadian Research Data Center Network, n.d.). In addition, the surveillance system of physical activity and sedentary behaviors in Canada includes the Physical Activity Longitudinal Study (Canadian Fitness and Lifestyle Research Institute, 2017b), the Canada's Physical Activity Levels among Youth survey (Canadian Fitness and Lifestyle Research Institute, 2017c), and setting-based surveys assessing policies, practices, and opportunities to support physical activity of Canadians in key settings (municipalities, schools and workplaces) (Canadian Fitness and Lifestyle Research Institute, 2017d). provides the latest information on the percentage of a representative sample of Australian adults meeting the WHO physical activity guidelines for self-reported moderate-to-vigorous physical activity (150 minutes/week) and muscle-strengthening exercises (≥2 sessions per week). trends in the proportion of youth and adults meeting the moderate-to-vigorous physical activity guidelines of 60 minutes daily (youth) or 150 minutes weekly (adults) (Government of South Australia, 2017). Not all countries have implemented such advanced surveillance of physical activity and sedentary behaviors. For example, Belgium mainly relies on the ongoing Health Interview Survey (HIS), which was first conducted in 1997 (Belgian Scientific Institute of Public Health, n.d.). The HIS only includes individuals aged 15 and more. In 1997, HIS collected data on leisure time physical activity, then it used the IPAQ-SF to measure physical activity and sitting time in the following surveys (2001, 2004 and 2008).

3.

5.2.2 French surveillance system of physical activity and sedentary behaviors 3

  December of same year, the Prime Minister declares the launch, in January 2001, of the French National Nutrition and Health Program; the main objective of this program is to improve the health of the overall population by acting on one the main determinant that is nutrition. Among the 9 priority nutritional goals identified, was the increase of daily physical activity by a 25% increase in the percentage of the population engage in at least 30 minutes of brisk walking daily. Simultaneously, the implementation of the Organic Law on the Finances Laws (LOLF) in 2000 made mandatory the evaluation of public policies. The Public Health Law of 2004 3 also imposes that all health strategies and programs include key elements allowing to evaluate the actions implemented. In this new legislative framework, and following the launch of the 1 st public health program including national objectives on physical activity, were implemented the first surveillance studies measuring prevalence of physical activity at a national level4 (Beck and Guilbert, 2005, Usen, 2006; Beck et al., 2008).

	In

.

5

.2.2.1 National legislative framework

Following a Minister's referral, the High Committee on Public Health (HCSP) in France submitted, in 2000, a report for a public health nutritional policy, to the Secretary of State for Heath, in which it concluded that there was a need to implement a nutritional policy whose programs' evaluation is a necessity and should be planned from the beginning (HCSP, 2000).

TableTable 1 .

 1 Descriptive information on French national studies of physical activity and sedentary behavior

	Year	Study				Level of physical activity
			Population (age, years)	Measurement tool	Sample size	(%)		Mean screen time a (hr-min)
						Active	Inactive
	2005	Health Barometer 15-74	IPAQ-SF	8708	79.4	20.6	4h41 b
			18-74	IPAQ-SF	3115	63.2	36.8	3h21
			15-17	IPAQ-SF	389	29.8	70.2
	2006-7	ENNS	11-14	YRBS questions	456	-		3h01 c
			3-10	Usen questions	574	-	
			18-79	IPAQ-SF	2610	75.3	25	3h30
			15-17	IPAQ-SF	424	43.2	56.8	3h50
	2006-7	INCA2					
			11-14	YRBS questions	454	-		3h13
			3-10	Usen questions	574	-		2h12
	2008	Health Barometer 15-75	GPAQ	3489	66.9	33.1	4h38 b

a Mean screen time including watching TV, using a computer and playing video games;

b Total sitting time; c Mean result for the overall population 3 to 17 years old; d Not communicated

  

	Table 1. Contd				
	Year	Study				Level of physical activity
			Population (age, years)	Measurement tool	Sample size	(%)	Mean screen time a (hr-min)
						Active	Inactive
			18-79	RPAQ	2180	62.8	37.2	4h52 b
			15-17	Modified YRBS questions			4h50
					1291	32.3	67.7
	2014-15 INCA3	11-14	Modified YRBS questions			3h38
			7-10	Modified Usen questions	644	19	81	2h28
			3-6	Modified Usen questions	489	24.4	75.6	1h47
			18-79	RPAQ	2678	61.3	38.7	6h35
	2014-15 Esteban	11-17	Modified YRBS questions		40.1	59.9
					1182		4h11
			6-10	Modified Usen questions		17.8	82.2

a Mean

screen time including watching TV, using a computer and playing video games; b Total sitting time; c Mean result for the overall population 3 to 17 years old; d Not communicated

  

	Introduction
	Low levels of physical activity and high levels of sedentary behaviors are now
	recognized as major risk factors for many chronic cardiovascular, metabolic and cognitive
	diseases 1-4 . A high physical activity level during youth is protective against excessive body fat
	5 , the development of cardiovascular risks factors during childhood 6 , or later during adulthood
	7 . Moreover, there is significant tracking of physical activity, particularly organized sport 8 and
	physical inactivity behaviors from youth into adulthood, which predisposes inactive children to
	become inactive adults 7-9 . The World Health Organization, and at the national level, the
	French governmental agency in charge of physical activity recommendation indicate that
	children aged 5-17 years should accumulate at least 60 minutes of moderate-to-vigorous-
	intensity physical activity daily 10 .

Since 2005, Canada has been releasing an annual Report Card on the Physical Activity of Children and Youth

  Results From the First French Report Card on Physical Activity for Children and Adolescents (2016) by Aucouturier J et al. Journal of Physical Activity & Health © 2017 Human Kinetics, Inc.

	School setting: B
	10% of the school curriculum in primary school and 14% in secondary school are
	devoted to physical education. In primary schools, 3 hours of physical education per week are
	recommended and between 4 to 3 hours per week in secondary schools. In high schools,
	students follow between 2 to 3 hours of PE per week. Among the OCDE countries, France is
	the one that devotes the more time to PE in secondary schools. The number of children and
	adolescents affiliated to school-based extra-curricular physical activity keeps growing since
	2009 (2009 = 1 006 419; 2015 = 1 050 000) reaching the world highest number of affiliations
	in 2014. The number of affiliated children decreases with age.

  Results From the First French Report Card on Physical Activity for Children and Adolescents (2016) by Aucouturier J et al. Journal of Physical Activity & Health © 2017 Human Kinetics, Inc.

  1 st Report Card for France was initiated after the launching in 2016 of the ONAPS on the initiative of the French Ministry of Sports, which is a structure in charge of physical activity and sedentary behaviors of the French population. The panel in charge of the Report Card included several members the ONAPS as well as external academic experts in the field of physical activity in children. The lack of grade for overall

	Results From the First French Report Card on Physical Activity for Children and Adolescents (2016)
	by Aucouturier J et al.
	Journal of Physical Activity & Health
	© 2017 Human Kinetics, Inc.
	French children.
	A 2 nd important limitation is that we were unable to provide grade for three other
	physical activity indicators. Again, this was related to the lack of nationally representative
	studies for these indicators. Regarding the remaining items 3 D grades were awarded, which
	indicate that similarly to children of most European countries, French children have low

physical activity level is a major limitation of the present Report Card. This cast light on the need for studies based on a combination of objective and declarative assessment of PA level and PA characteristics in children. Several local and small scale studies have used objective methods, such as accelerometry in France to study physical activity behaviors in children.

Although interesting, these studies may not accurately reflect whether children reach the PA recommendations at the country level. The current RC illustrates the gap that has grown in term of children physical activity research activity in France relative to countries with similar population and socio-economic characteristics. Given the time needed to implement such studies, it will take years before we are able to get data properly reflecting PA behaviors of physical activity level and spend large amount of time engaged in sedentary behaviors.

Table 1 .

 1 Grades According to Physical Activity Indicator established by the Active Healthy Kids Global Alliance.

	Indicators	Grades
	Overall Physical Activity Levels	INC
	Organized Sport Participation	D
	Active Transportation	D
	Sedentary Behaviors	D
	Family and Peers	INC
	School setting	B
	Community and the Built Environment	INC
	Government Strategies and Investment	INC
	The grade for each indicator is based on the percentage of children and youth meeting a defined benchmark: A is 81%
	100%; B is 61% 80%; C is 41% 60%, D is 21% 40%; F is 0% 20%; INC is Incomplete data.

Table 1

 1 Sociodemographic and anthropometric characteristics of participants.

	Total sample (n = 92, %)

Table 2

 2 Data for PA measured by the Global Physical Activity Questionnaire GPAQ, IPAQ and an accelerometer at day 0 (D0) and day 8 (D8) in 92 participants.

	Variable	GPAQ				IPAQ				Accelerometer
		D0		D8		D0		D8	
		Mean ± SD	Median Mean ± SD	Median Mean ± SD	Median Mean ± SD	Median Mean ± SD	Median
	Total PA (MET min/week) 2011.1 ± 1940.5 1580.0 1818.0 ± 1478.2 40.7	2648.3 ± 2099.8 2251.5 2484.1 ± 2268.0 1777.5
	PA by domain								
	Work								
	Vigorous	31.3 ± 300.3	0	33.0 ± 230.6	0	34.8 ± 300.8	0	15.6 ± 85.7	0
	Moderate	467.4 ± 1575.3	0	321.1 ± 965.4	0	203.5 ± 758.1	0	212.4 ± 871.2	0
	Transport	375.9 ± 410.8	240.0	378.5 ± 426.2 250.0	306.8 ± 295.5	242.5	351.3 ± 414.0	260.7
	Household								
	Vigorous	n/a	n/a	n/a	n/a	4.5 ± 35.4	0	22.1 ± 126.1	0
	Moderate	n/a	n/a	n/a	n/a	475.9 ± 785.2	150.0	356.7 ± 594.3	160.0
	Work + household								
	Vigorous	n/a	n/a	n/a	n/a	39.3 ± 302.4	0	37.8 ± 171.8	0
	Moderate	n/a	n/a	n/a	n/a	695.0 ± 1080.1 240.0	596.1 ± 1189.1 190.0
	Leisure								
	Vigorous	852.2 ± 1073.3 680.0	772.6 ± 955.9 480.0	868.7 ± 1085.9 600.0	691.3 ± 1011.5	0
	Moderate	284.3 ± 366.0	240.0	312.8 ± 382.9 240.0	193.9 ± 265.4	0	218.9 ± 415.4	340.0
	Sitting time (min/day)	570.0 ± 152.8	600.0	588.6 ± 146.4 600.0	554.5 ± 138.5	584.3	583.6 ± 143.2	597.1 843.6 ± 134.5 814.0
	PA duration by intensity								
	(min/week)								
	Vigorous	883.5 ± 1090.1 720.0	805.6 ± 977.7 480.0	903.5 ± 1102.4 720.0	707.0 ± 1015.6 360.0	72.0 ± 67.2	46.7
	Moderate	751.7 ± 1659.8 360.0	633.9 ± 990.3 360.0	903.8 ± 1131.4 480.0	860.6 ± 1266.9 370.0 426.2 ± 139.5 429.4
	PA level (%)								
	Low	29.4		22.8		8.7		15.2	
	Moderate	44.6		45.6		60.9		54.3	
	High	26.1		22.8		30.4		30.4	

Table 3

 3 Test-retest reliability of the GPAQ (n = 68).

					Table 4		
					Concurrent validity between the GPAQ and IPAQ-LF data at day 0 (D0) and day
					8 (D8) (n = 92).		
	Variables	ICC (95%CI)	Spearman's Rho (95%CI)	Kappa coefficient	Variable	D0		D8
	Total PA PA by domain	0.58 (0.40-0.72)	0.82 (0.72-0.88)			Spearman's Rho (95%CI)	Phi coefficient	Spearman's Rho (95%CI)	Phi coefficient
	Work				Total PA	0.66 (0.53-0.76)		0.67 ((0.54-0.77)
	Vigorous			0.91(+)	PA by domain		
	Moderate	0.48 (0.28-0.64)	0.52 (0.33-0.68)		Work		
	Transport	0.67 (0.52-0.79)	0.69 (0.53-0.79)		Vigorous	0.58 (0.43-0.70)		0.81 (0.73-0.87)
	Leisure				Moderate	0.56 (0.40-0.68)		0.61 (0.46-0.72)
	Vigorous	0.94 (0.91-0.96)	0.89 (0.84-0.94)		Transport	0.52 (0.35-0.65)		0.69 (0.57-0.79)
	Moderate	0.37 (0.15-0.56)	0.53 (0.33-0.68)		Leisure		
	Sitting time	0.80 (0.69-0.87)	0.78 (0.67-0.86)		Vigorous	0.86 (0.79-0.90)		0.79 (0.70-0.85)
	PA by intensity				Moderate	0.46 (0.28-0.61)		0.53 (0.36-0.66)
	Total vigorous	0.84 (0.76-0.90)	0.80 (0.70-0.88)		Sitting time	0.85 (0.78-0.90)		0.89 (0.84-0.93)
	Total moderate	0.48 (0.28-0.65)	0.56 (0.38-0.71)		PA by intensity		
	PA level				Total vigorous 0.86 (0.79-0.90)		0.76 (0.66-0.84)
	Low			0.62	Total moderate 0.41 (0.22-0.56)		0.58 (0.42-0.70)
	Moderate			0.50	PA level		
	High			0.57	Low		0.22	0.49
					Moderate		0.27	0.27
					High		0.57	0.54

(+): Adjusted kappa (PABAK). Abbreviations: GPAQ = global physical activity questionnaire; PA = physical activity; ICC = intraclass correlation coefficient; 95%CI = 95% confidence interval. Abbreviations: GPAQ = global physical activity questionnaire; IPAQ-LF = international physical activity questionnaire-long form; PA = physical activity. Please cite this article in press as: Fabien Rivière, et al., Reliability and validity of the French version of the global physical activity questionnaire, Journal of Sport and Health Science (2016), doi: 10.1016/j.jshs.2016.08.004 4 F. Rivière et al.

Table 5

 5 Criterion validity of the GPAQ: Spearman's correlation between the GPAQ and accelerometer data at day 8 (D8) (n = 87). Please cite this article in press as: Fabien Rivière, et al., Reliability and validity of the French version of the global physical activity questionnaire, Journal of Sport and Health Science (2016), doi: 10.1016/j.jshs.2016.08.004
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	GPAQ	Accelerometer		
		Average	Average	Average
		sedentary	moderate	vigorous
		counts/day	counts/day	counts/day
	Total vigorous PA (min)	0.02	0.19	0.38**
	Total moderate PA (min)	-0.20	0.10	-0.10
	Total PA across all domains (min)	-0.20	0.40**	0.24*
	Time spent sitting (min)	0.42**	-0.22*	0.30**
	* p < 0.05,** p < 0.01, compared GPAQ with accelerometer's values.
	Abbreviations: GPAQ = global physical activity questionnaire; PA = physical
	activity.			

  It comprises 68 itemsand measures time spent in different sedentary activities for work, transportation, domestic, education, socializing, eating and care giving behaviors, during both a week day and a week-end day. This kind of structure may be of interest when trying to address the complexity of SB; however, we noticed the inconsistency in which SB is measured depending on the purpose. For example, the types of SB performed in leisure activities often is queried, yet for work activities, only the overall sitting time is measured in general terms. Furthermore, some categories of the facet purpose are barely measured as compared to others; only 4 questionnaires asked for care giving SB and domestic activities while 21 enquired about work and 19 about leisure activities. So far little is known about why an individual engages in SB and to what extent the purpose of SB relates to health, and existing questionnaires may not allow to deeply investigate these questions.

Table 2 .

 2 Description of sedentary behaviors items from published questionnaires.

	Questionnaire Construct to	Target	Mode	Recall period	# of		Dimensions		Indicators
		be measured	population			items	Frequency	Time	Breaks	
	Active-Q [16] SB, PA	Adults	SA	Past month	16	# days/week	h/day or m/day	/	MET-Time,
										Duration
	AD3STQ [17] SB	Adults	I	Last week	10	/	h-m/week, h-	/	Duration
								m/week-end		
	AJPAS [18]	SB, PA	Adults	SA	Average weekday	3	/	h-m/day	/	MET-Time,
										Duration
	ASAQ [19,20] SB	Adolescents SA, I	Each day of a normal	79	# days/week	h-m/day	/	Duration
					school week					
	ASTSQ [21]	SB	Older adults I	Usual weekday,	3	/	h/day	/	Duration
					usual weekend day					
					and previous day					
	AQuAA	SB, PA	Adolescents,	SA	Average/day during	11	# days/week	h-m/day	/	Duration
	[22,23]		Adults,		the last 7 days					
			Obese and							
			overweight							
			pregnant							
			women							
	AWAS [24]	SB, PA	Women	I	Average day during a	27	# days/week,	h-m/day	/	Duration
					typical week and		#			
					weekend		days/weekend			
	CAPANS-PA-	SB, PA	Adolescent	SA	Normal day in the	44	/	h-m/day	/	Duration
	M [25]				past 7 days					
	CHAMPS [26] SB, PA	Older adults SA	Typical wk during	18	# times/week h/week	/	Duration
					the last 4 weeks					

Results from the first French Report Card on physical activity for children and adolescents (2016). 2.1 Main results

  Study 1 have limitations. Study 1 included only national surveys implemented in metropolitanFrance, thus excluded the surveys implemented in French overseas departments and territories. Furthermore, it focused exclusively on surveys that aimed to determine the prevalence of physical activity levels, resulting in the inclusion of health surveys only.

	Study 2 aimed to report the first French Report Card on the physical activity of children and
	adolescents. The Report Card assessed eight indicators of physical activity: 1) Overall Physical
	Activity Levels, 2) Organized Sport Participation, 3) Active Transportation, 4) Sedentary Behaviors, 5)
	Family and Peers, 6) School setting, 7) Community and the Built Environment, and 8) Government
	Strategies and Investment Grades were assigned following the framework and benchmarks used by the
	Active Healthy Kids Global Alliance: A: 81% to 100%, B: 61% to 80%, C: 41% to 60%, D: 21% to
	40%, F: 0% to 20%. An incomplete (INC) grade was assigned where insufficient data were available
	or due to the absence of a suitable benchmark. In 2016, 38 countries joined the Active Health Kids
	Global Alliance and produced a Report Card on the physical activity of children and youth following

However, surveys on transportation or work can collect valuable information regarding active transportation and physical activity at work, respectively.

2 Study 2.

the same framework

(Tremblay et al., 2016)

. In study 2, the following grades were reported: Overall Physical Activity: INC; Organized Sport Participation: D; Active Transportation: D; Sedentary Behaviors: D; Family and Peers: INC; School: B; Community and the Built Environment: INC; Government Strategies and Investment: INC.

  comparison, from the 38 countries who reported a Report Card, only 5 countries did not report the grade for at least 4 indicators (i.e. Brazil, England, India, Qatar and Venezuela)(Tremblay et al., 2016). There is a clear need for stronger evidence based data at a national level regarding the physical activity level in children and adolescents in France, the built environment, family and peers' physical activity, and the implication of the government in promoting physical activity in youth.Among the 4 grades that had been graded, three received the grade D: organized sport participation, active transportation, and sedentary behaviors. In comparison, 61%, 79% and 29% of the 38 countries who produced a report card reported a grade A, B or C for: organized sport participation, active

transportation, and sedentary behaviors, respectively. In regards to the low proportion of children using active transportation and engaging in organized sport, there is a need to implement and strengthen policies to promote active transportation and organized sport. Initiatives could include designing and building cycle routes that allow cycling in good conditions of effort and safety, in a time-efficient way to schools, and building bicycle parking near or within schools. Financial incentive could be used to help parents registering their children in organized sport activities. Regarding sedentary behaviors, the low proportions of countries awarded a grade A, B or C indicate that children and adolescents sedentary lifestyle is an issue of global concern.

  Hermann et al., 2013). When compared with accelerometers, GPAQ in France showed poor validity coefficients, comparable to those observed in the scientific literature. For instance, Cleland et al. (2014) reported Spearman's correlations ranging from r = 0.19 for sedentary time to 0.48 for moderate-to-vigorous physical activity, when tested among 95 adults in Ireland. In general, accuracy of questionnaires in quantifying physical and sedentary time remains low, and the French GPAQ is no exception.

	38, p<0.05), and total moderate physical activity
	(r=0.10). Estimates of the participants who did not meet the WHO recommendations for
	physical activity ranged between 22.8 and 29.4% using the GPAQ, and between 8.7 and
	15.2% using the IPAQ-LF. Limits of agreement for the GPAQ and accelerometer were wide,
	with differences between 286.5 min/day and 601.3 min/day. Overall, the French GPAQ
	provided limited but acceptable reliability and validity for the measurement of physical
	activity and sedentary time. Psychometric properties of the GPAQ in France are similar to
	what is commonly observed among GPAQ administered in other countries. Other studies
	tested the psychometric properties of the GPAQ in different countries, including Ethiopia,
	Indonesia, India, South Africa, China, Bangladesh, Brazil, Japan, Portugal, and US, for a total

of about 1,600 adults

(Bull et al., 2009, Hermann et al., 2013)

. These studies reported poor-tomoderate correlations between the GPAQ and the short form of IPAQ, with Spearman's coefficients ranging from r = 0.45 to 0.57

(Bull et al., 2009)

, and r = 0.26 to 0.63 (

  Study 3 identified 846 items, out of 60 questionnaires, and reported the diversity in the characteristics of sedentary behaviors being measured.Such item banks are already being developed to improve the measurement of patient reported outcomes[START_REF] Cella | The future of outcomes measurement: item banking, tailored short-forms, and computerized adaptive assessment[END_REF] Tucker et al., 2014a). For example, the Patient-Reported Outcomes Measurement Information System (PROMIS) provides item banks that offer the potential for patient reported outcomes measurement that is efficient (minimizes item number without compromising reliability), flexible (enables optional use of interchangeable items), and precise (has minimal error in estimate)[START_REF] Cella | Initial adult health item banks and first wave testing of the patient-reported outcomes measurement information system (PROMIS™) network: 2005-2008[END_REF]. PROMIS aims to develop a set of efficient and flexible measures that evaluates and monitors physical, mental, and social health in adults and children (http://www.healthmeasures.net/explore-measurementsystems/promis). As part of the PROMIS project, Tucker and colleagues initiated the development of item pools measuring physical activity and sedentary behaviors among child aged between 8 and 18 years (Tucker et al., 2014a; Tucker et al., 2014b). Tucker and colleagues performed literature review, semi-structured interviews (with expert and child) and cognitive interviews to generate and improve items for sedentary behaviors and physical activity measurement. As a result, 80 items for physical activity and 23 items for sedentary behaviors were generated. While the psychometric properties have not been tested yet, Tucker et al. aim to administer the items to a large sample in a near future. Therefore, it can be

Law n° 2004-806, August 9th, 2004, relative to public health policy (accessible on www.legifrance.gouv.fr).

Data sources on physical activity, other than surveillance studies, were already available(Inserm, 2008).

Because of content differences, the scoring protocole to estimate PA levels with the RPAQ was different, but the categories are similar.
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French version of the GPAQ

X (X) (X) X (X) X X (X) Ys Screen X X (X) X X (X) X (X) (X) X X X (X) X

Location X X X X X X X X X T Posture T2 Sitting X X X X X (X) X (X) X (X) X (X) X (X) X (X) X (X) X T1 Lying X (X) (X) (X) X (X) (X)

T Posture T2 Sitting X X X X X X X X X X X X T1Lying X

Md Of day X X X X X X X X X X X My Of year Y Type X Yn No screen X (X) X (X) X (X) (X) (X) (X) X (X) Ys Screen X X (X) X (X) X (X) X (X) X (X) X (X) X (X)

X X X X X X X X X X My Of year Y Type Yn No screen X (X) X (X) X X (X) X X X Ys Screen X X X (X) (X) X (X) X (X) X X X (X) X X

T Posture T2 Sitting X X X X X X X X X (X) X X T1 Lying X X X X

M Time Md Of day X X X X X X X X X My Of year Y Type Yn No screen X (X) X X (X) X X X (X) Ys Screen X (X) X X X (X) X X X X X (X) X
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Axis 3. Measurement of physical activity and sedentary behaviors Study 3. Reliability and validity of the French version of the global physical activity questionnaires Abstract

Background: The Global Physical Activity Questionnaire (GPAQ) has been used to measure physical activity (PA) and sedentary time in France, but no study has assessed its psychometric properties. This study aimed to compare the reliability as well as criterion and concurrent validity of the French version of the GPAQ with the French International PA Questionnaire long form (IPAQ-LF) and use of an accelerometer in a general adult population.

Methods: We included 92 participants (students or staff) from the Medicine Campus at the University of Lorraine, Nancy (north-eastern France). The French GPAQ was completed twice, 7 days apart, to study test-retest reliability. The IPAQ-LF was used to assess concurrent validity of the GPAQ, and participants wore an accelerometer (ActiGraph GT3X+) for 7 days to study criterion validity. Reliability as well as concurrent and criterion validity of the GPAQ were tested by the intraclass correlation coefficient (ICC), Spearman correlation coefficient for quantitative variables, and Kappa and Phi coefficients for qualitative variables. Both concurrent and criterion validity of GPAQ were assessed by Bland-Altman plots.

Results:

The GPAQ showed poor to good reliability (ICC = 0.37-0.94; Kappa = 0.50-0.62) and concurrent validity (Spearman r = 0.41-0.86), but only poor criterion validity (Spearman r = 0.22-0.42). Limits of agreement for the GPAQ and accelerometer were wide, with differences between 286.5 min/day and 601.3 min/day.

Conclusion:

The French version of the GPAQ provides limited but acceptable reliability and validity for the measurement of PA and sedentary time. It may be used for assessing PA and sedentary time in a French adult population.
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Axis 2. Measurement of physical activity and sedentary behaviors Study 4. Content comparison of sedentary behavior questionnaires: a systematic review

Abstract

Background: Health effects of sedentary behaviors may vary depending on their characteristics (type, purpose, duration, etc). While a growing number of questionnaires assesses sedentary behaviors, it is unclear which characteristics of SB are being measured. The aim of this review was to examine the content of self-report sedentary behaviors questionnaires.

Methods: Four databases were searched for sedentary behaviors questionnaires published before January 1 st , 2016. Based on the inclusion criteria, 82 articles (out of 1369) were retrieved for a total of 60 different questionnaires. For each questionnaire, the sedentary behaviors characteristics identified were reported and analyzed.

Results: Most of the questionnaires assessed when the behavior take place (n=55), the Posture (n=54), Purpose (n=46) and Type (n=45) of the behavior, 20 enquired about Environment, only 11 asked about the Social context, 2 about the Status and 2 about the Associated Behaviors. All the questionnaires (except 2) assessed time spent in SB, 17 asked for frequency and 6 inquired about breaks. The most occurring characteristics were the categories "sitting", "of day", "TV" and "computer" identified in 90, 90, 65 and 55% of the questionnaires, respectively, but many characteristics of sedentary behaviors were often not measured.

Conclusion:

By knowing the breadth of sedentary behaviors measures available, this review provides a support to shape the design of new questionnaires measuring the sedentary behaviors characteristics which are under measured to reduce the gaps in sedentary behaviors measurement.

Literature search

The following electronic bibliographic databases were searched: Medline (PubMed), PsycINFO/ARTICLE (EBSCOhost) and SportDiscus (EBSCOhost). The full search strategies in (A) PubMed and (B) PsycINFO/ARTICLE and SportDiscus were as follows: In addition, existing reviews of SB questionnaires were hand-searched to identify potential missing questionnaires [11,12].

Study inclusion/exclusion criteria

Studies meeting all of the following inclusion criteria were included: (i) the aim of the study was the development of a measurement instrument or the evaluation of one or more of its measurement properties; (ii) the instrument under study was self-reported; (iii) the instrument was a questionnaire (i.e. use-of-time tools, logs and diaries were excluded); (iv) the questionnaire measured SB; (v) the study was accepted as a full text original article in a peer-reviewed journal until the 31 December 2015; (vi) the article was published in English or French and the questionnaire was available in one of these languages.

Study selection

Two reviewers independently assessed titles/abstracts (AV, FR) and selected full-text articles (FR, SA) based upon the eligibility criteria. In case of disagreement between the two reviewers, a third reviewer (AO) made the final decision. Full text copies were obtained for all articles meeting initial Example: In item 1a of the WSQ "for transport (e.g. in car, bus, train, etc)" car should be linked to the subcategory S71 personal from the category travel. The response options of an item are linked if they contain SB characteristics Example: In item 3 of the PASBAQ "Which of these did you do whilst working? sitting down or standing up

Walking at work

Climbing stairs or ladders"

Sitting down should be linked to the appropriate taxonomy category. If a SB characteristic in an item is more general than the corresponding taxonomy substructure category, the higher level of category should be linked. The recall period (the interval of time to which the item refers) is not linked to the taxonomy as well as the time (the duration of the SB), the frequency (number of bouts of a certain duration) and the interruption (breaking up sedentary behaviours. 

Epidemiological and Surveillance Unit have been used, both in its original and modified form.

From 62.8% to 79.4% of adults and 29.8% to 43.2% of adolescents 15-17 years old reported a level of physical activity meeting the recommended target. All studies focused on aerobic physical activity, and none measured muscle-strengthening and joint mobility exercises.

Discussion

In Linked data also make it possible to determine the relative (i.e. perceived) intensity of devicebased physical activity; and may also help to identify non-wear time more accurately which might represent an opportunity for the public health institutions in France to improve the physical activity and sedentary behaviors surveillance system. Résumé Contexte : La surveillance de l'activité physique et des comportements sédentaires, et la question de leur mesure, sont primordiales dans un contexte où les sociétés modernes favorisent l'augmentation de l'incidence de nombreuses maladies associées à un mode de vie sédentaire. Objectif : L'objectif de cette thèse était d'approfondir les connaissances sur la surveillance et la mesure de l'activité physique et des comportements sédentaires. Méthodes : Quatre études ont été réalisées. Deux travaux s'attachaient à analyser et discuter le système français de surveillance de l'activité physique et des comportements sédentaires des adultes et des jeunes. Une étude a testé les propriétés psychométriques du questionnaire mondial sur la pratique d'activités physiques (GPAQ). Enfin, une revue de la littérature a été effectuée pour analyser le contenu des questionnaires disponibles pour mesurer les comportements sédentaires. Résultats : Les deux études portant sur la surveillance observent que les enquêtes mises en place utilisent des méthodologies différentes, en particulier concernant la mesure des activités physiques et sédentaires. Ce manque d'homogénéité et de constance dans le choix des outils de mesure limitent la comparaison des résultats entre les différentes enquêtes, et le suivi de l'évolution des pratiques. L'étude sur le GPAQ révèle des résultats, en termes de reproductibilité et de validité, similaires aux valeurs habituellement observées dans la littérature scientifique. Enfin, la revue de littérature a mis en évidence que les questionnaires mesurant les comportements sédentaires présentent des différences en termes de population cible (ex : adultes, enfants, personnes âgées), période de rappel (ex : hier, la semaine dernière, le mois dernier), nombre d'item (de 1 à plus de 100 items), et caractéristiques des comportements sédentaires mesurés (ex : temps assis devant la télévision vs temps assis au travail). Conclusion : Les travaux qui constituent cette thèse permettent d'émettre un certain nombre de recommandations afin d'améliorer la mesure et la surveillance de l'activité physique et des comportements sédentaires en France. Mots clés : surveillance, questionnaire, activité physique, sédentarité, enquête Summary Background: Physical activity and sedentary behaviors are major health determinants and are being surveyed worldwide. Objective: The aim of this thesis was to contribute to the surveillance and measurement of physical activity and sedentary behaviors. Method: This thesis includes four studies. The first study analyzes and discusses the present situation of French national surveillance studies. The second study presents the results from the first French report card on physical activity for children and adolescents. The third study discusses the validity and reliability properties of the French version of the Global Physical Activity Questionnaire (GPAQ). The fourth study examines the content of questionnaires measuring sedentary behaviors. Results: Studies 1 and 2 reported measurement issues impairing the overall data quality, inter-study comparisons and survey of changes over time. In addition, there is a need to improve data collection for some indicators among youth and adults, including physical community and the built environment, and government strategies and investment. The study of GPAQ reported limited but acceptable reliability and validity for the measurement of physical activity and sedentary time in France. Finally, the systematic review on sedentary behaviors questionnaires reported large differences in the population targeted (ex: adults, youth, elderly), recall frame (ex: previous day, last 7 days, last month), the number of item (from 1 to more than 100), and the sedentary behaviors characteristics measured (from only sitting time to up to 27 sedentary behaviors). Conclusion: The work realized during this thesis allows the formulation of recommendations to improve the surveillance of physical activity and sedentary behaviors in France. Key words: public health surveillance, questionnaire, physical activity, sedentary behaviors, survey

Appendix Appendix 1: French version of GPAQ