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Individual characteristics associated with changes in the contribution of plant foods to dietary intake in a French prospective cohort
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Purpose: Rebalance the contribution of animal-and plant-based foods is needed to achieve sustainable diet. However, little is known concerning individual characteristics that may influence intake of plant-based foods and their changes over time. We aimed to assess changes in the contribution of plant-based foods to dietary intake over time, and their association with individual characteristics.

Methods

: The contribution of plant-based foods was assessed by percent energy intake provided by plant proteins in diet (PEIPP) and a score of adherence to a pro-vegetarian diet, using repeated 24hours records in 15,615 French adults participating in the NutriNet-Santé cohort study. Associations between baseline individual characteristics and changes in the two indicators over a 4 to 6 year followup were assessed using a linear mixed model. Results: At baseline, PEIPP and pro-vegetarian score were positively associated with age (β65+=0.80, 95%CI=[0.71, 0.88], β65+=3.30, 95%CI=[2.97, 3.64], respectively) and education (βpostgraduate=0.23, 95%CI=[0.12, 0.34], βpostgraduate= 1.19, 95%CI=[0.75, 1.62]), while they were inversely associated with BMI class (βobesity=-0.48, 95%CI=[ 0.56, 0.41], βobesity=-2.31, 95%CI=[-2.63, -1.98]). Men had higher PEIPP than women (β=0.06, 95%CI=[0.01, 0.11]). Pro-vegetarian score significantly increased over time (β=0.23, 95%CI=[0.08, 0.37]). The older the individual at baseline, the greater the decrease in the two indicators during follow-up. Pro-vegetarian score increased during follow-up for obese participants at baseline.

Conclusions:

The contribution of plant-based foods was associated with several socio-demographic and economic characteristics at baseline, whereas change over time was related to age and weight status. Further analysis of individual obstacles and lever to consume plant-based foods is needed.

Introduction

Consumption of animal-based foods is a major environmental, public health and economic issue [START_REF] Burlingame | Sustainable diets and biodiversity -Directions and solutions for policy research and action[END_REF].

Previous studies have highlighted that, compared to production of plant-based foods, production of animal-based foods mobilizes more resources (space, energy, water, etc.) and seems to have a deleterious impact on the environment [START_REF] Carlsson-Kanyama | Potential contributions of food consumption patterns to climate change[END_REF][START_REF] Mcmichael | Food, livestock production, energy, climate change, and health[END_REF]. However, the health impact of plant-based diet compared with animal-based diet remains an ongoing discussion. Available studies on the health impact of red and processed meat have mostly highlighted that a high consumption of red and processed meat is a notable risk factor for major nutrition-related chronic diseases and for early mortality, compared with low intake or consumption of other meat [START_REF]Food, nutrition, physical activity and the prevention of cancer: a global perspective[END_REF][START_REF] Micha | Red and processed meat consumption and risk of incident coronary heart disease, stroke, and diabetes mellitus: a systematic review and metaanalysis[END_REF][START_REF] Sinha | Meat intake and mortality: a prospective study of over half a million people[END_REF][7][START_REF] Nagao | Meat consumption in relation to mortality from cardiovascular disease among Japanese men and women[END_REF]. In contrast, an increasingly number of studies have shown that plant-based diets and diets with lower intake of red and processed meat and higher intake of fruits and vegetables seems to be associated with longer life expectancy and lower risk of chronic disease [9][START_REF] Aston | Impact of a reduced red and processed meat dietary pattern on disease risks and greenhouse gas emissions in the UK: a modelling study[END_REF][START_REF] Scarborough | Modelling the health impact of environmentally sustainable dietary scenarios in the UK[END_REF][START_REF] Key | Cancer in British vegetarians: updated analyses of 4998 incident cancers in a cohort of 32,491 meat eaters, 8612 fish eaters, 18,298 vegetarians, and 2246 vegans[END_REF][START_REF] Chang-Claude | Lifestyle determinants and mortality in German vegetarians and health-conscious persons: results of a 21-year follow-up[END_REF][START_REF] Key | Mortality in British vegetarians: results from the European Prospective Investigation into Cancer and Nutrition (EPIC-Oxford)[END_REF]. To improve overall food and nutrition security, and to limit the environmental impact of diet, rebalancing of dietary intake toward plant-based foods in western societies may therefore represent sustainable answers [START_REF] Burlingame | Sustainable diets and biodiversity -Directions and solutions for policy research and action[END_REF][START_REF] Pimentel | Sustainability of meat-based and plant-based diets and the environment[END_REF].

To rebalance the contribution of plant vs. animal foods in the diet, knowledge of the association between consumption of plant-and animal-based foods and individual characteristics is needed.

Available studies focused on socio-demographic and economic characteristics associated with intake of specific plant-based foods and, in particular, fruits and vegetables [START_REF] Darmon | Does social class predict diet quality?[END_REF][START_REF] Micha | Global, regional and national consumption of major food groups in 1990 and 2010: a systematic analysis including 266 country-specific nutrition surveys worldwide[END_REF][START_REF] Drewnowski | Impact of aging on eating behaviors, food choices, nutrition, and health status[END_REF][START_REF] Laforge | Psychosocial factors influencing low fruit and vegetable consumption[END_REF][START_REF] Devine | Life-course events and experiences: association with fruit and vegetable consumption in 3 ethnic groups[END_REF]. To the best of our knowledge, no study has yet assessed individual determinants of the contribution of plant-and animalbased foods to diet. Understanding changes in dietary intake in recent years based on individual characteristics is essential so as to efficiently promote consumption of plant-based foods [START_REF] Lea | Consumers' readiness to eat a plant-based diet[END_REF]. Few available studies have assessed the association between individual characteristics and change in diet over time [START_REF] Sijtsma | Longitudinal trends in diet and effects of sex, race, and education on dietary quality score change: the Coronary Artery Risk Development in Young Adults study[END_REF][START_REF] Arabshahi | Longitudinal change in diet quality in Australian adults varies by demographic, socio-economic, and lifestyle characteristics[END_REF][START_REF] Roos | Trends of socioeconomic differences in daily vegetable consumption, 1979-2002[END_REF][START_REF] Harrington | Capturing changes in dietary patterns among older adults: a latent class analysis of an ageing Irish cohort[END_REF][START_REF] Eng | Effects of marital transitions on changes in dietary and other health behaviours in US male health professionals[END_REF][START_REF] Lee | Effects of marital transitions on changes in dietary and other health behaviours in US women[END_REF][START_REF] Vinther | Marital transitions and associated changes in fruit and vegetable intake: Findings from the population-based prospective EPIC-Norfolk cohort, UK[END_REF]. In the Coronary Artery Risk Development in Young Adults (CARDIA) study conducted among US adults, dietary quality increased over time with age [START_REF] Sijtsma | Longitudinal trends in diet and effects of sex, race, and education on dietary quality score change: the Coronary Artery Risk Development in Young Adults study[END_REF]. In contrast, an Australian study showed that younger age at baseline was independently associated with improvement in dietary quality over time [START_REF] Arabshahi | Longitudinal change in diet quality in Australian adults varies by demographic, socio-economic, and lifestyle characteristics[END_REF]. Change in diet quality and fresh vegetable consumption over time was related to gender in Australian and Finnish adults [START_REF] Arabshahi | Longitudinal change in diet quality in Australian adults varies by demographic, socio-economic, and lifestyle characteristics[END_REF][START_REF] Roos | Trends of socioeconomic differences in daily vegetable consumption, 1979-2002[END_REF]. Regarding socio-economic factors, dietary quality [START_REF] Sijtsma | Longitudinal trends in diet and effects of sex, race, and education on dietary quality score change: the Coronary Artery Risk Development in Young Adults study[END_REF][START_REF] Arabshahi | Longitudinal change in diet quality in Australian adults varies by demographic, socio-economic, and lifestyle characteristics[END_REF][START_REF] Harrington | Capturing changes in dietary patterns among older adults: a latent class analysis of an ageing Irish cohort[END_REF] and daily fresh vegetable consumption [START_REF] Roos | Trends of socioeconomic differences in daily vegetable consumption, 1979-2002[END_REF] increased over time in better-educated individuals, subjects belonging to higher occupational and income classes. Regarding Comment citer ce document : Colombet, Z. (Auteur de correspondance), Allès, B., Si Hassen, W., Lampuré, A., Kesse-Guyot, E., Péneau, S., Hercberg, S., Méjean, C. (2019). Individual characteristics associated with changes in the contribution of plant foods to dietary intake in a French prospective cohort. European Journal of Nutrition, 58 [START_REF] Micha | Red and processed meat consumption and risk of incident coronary heart disease, stroke, and diabetes mellitus: a systematic review and metaanalysis[END_REF], 1991-2002. , DOI : 10.1007/s00394-018-1752-8

5 lifetime events, a decrease in fruit and vegetable intake at the end of a marriage (divorce, widowhood) [START_REF] Eng | Effects of marital transitions on changes in dietary and other health behaviours in US male health professionals[END_REF][START_REF] Lee | Effects of marital transitions on changes in dietary and other health behaviours in US women[END_REF][START_REF] Vinther | Marital transitions and associated changes in fruit and vegetable intake: Findings from the population-based prospective EPIC-Norfolk cohort, UK[END_REF] and an increase upon remarrying were observed [START_REF] Eng | Effects of marital transitions on changes in dietary and other health behaviours in US male health professionals[END_REF][START_REF] Lee | Effects of marital transitions on changes in dietary and other health behaviours in US women[END_REF]. However, no prospective cohort had previously assessed the association between individual characteristics and change in consumption of plant-and animal-based foods in recent years, even though readjustment of such intake has become of greater concern to consumers [29].

The aim of the present study was to assess the association between individual characteristics and the contribution of plant-based foods to diet both at baseline and over time, using two complementary indicators. The first indicator that assesses the percent energy intake from plant proteins in diet represents the proportion of plant consumption in the diet from a nutritional point of view while the provegetarian score aims to evaluate the adherence to a vegetarian diet and therefore provides a behavioural point of view of dietary habits [30]. In addition, the first indicator had been previously used in epidemiological studies [31][32][33][34], enabling comparison of our results with data from the literature.

Comment citer ce document : Colombet, Z. (Auteur de correspondance), Allès, B., Si Hassen, W., Lampuré, A., Kesse Electronic informed consent was obtained from all participants.

Data collection

Dietary assessment

At baseline and each year thereafter, participants were invited to complete three non-consecutive validated web-based 24 hours (24-h) dietary records, randomly assigned over a 2-week period (2 

products) was computed by adjusting for total energy intake using the residual method [42] separately for men and women. The energy-adjusted estimates were ranked according to their sex-specific quintiles. For this score, plant-derived foods were positively weighted, assigning a value of 1 for the first quintile, 2 for the second quintile, and successively, up to a value of 5 for the fifth quintile. Animalderived foods were negatively weighted, assigning a value of 5 for the first quintile to 1 for the fifth quintile. The scores were then summed up to obtain a global score ranging from 12 (lowest adherence) to 60 (highest adherence).

Assessment of socio-economic and demographic characteristics

At baseline, self-administered questionnaires were used to collect data on socio-economic and demographic characteristics, including sex, age, size of the urban unit of residence, educational level and household composition. To assess educational level, participants were asked their highest attained diploma. Educational level was recoded into five categories: none or primary education, secondary education, high school graduate or equivalent, undergraduate (corresponding to up to 3 years following high school graduation), and post-graduate (more than 3 years after high school graduation). Household composition was classified into three categories: living alone without a child, living with at least one adult and no child, or living with at least one child. Size of the urban unit of residence was categorized into rural, fewer than 20,000 inhabitants, 20,000 to 200,000 inhabitants, more than 200,000 inhabitants and Paris. Height and weight were also self-reported at baseline; body mass index (BMI) was calculated and categorized according to the World Health Organization (WHO) classification for adults [START_REF]Physical status: the use and interpretation of anthropometry. Report of a WHO Expert Committee[END_REF]: underweight, normal weight, overweight and obesity. Validity of selfreported height and weight has been evaluated by a previous study conducted in the NutriNet-Santé cohort [START_REF] Lassale | Validity of web-based self-reported weight and height: results of the Nutrinet-Santé study[END_REF]. Self-reported and measured height and weight were compared and showed a sensitivity of 88% and a specificity of 99%.

Statistical analysis

The present analysis focused on participants in the NutriNet-Santé study included between May 2009 and April 2010 who had at least 2 sets of 24-h dietary records: at baseline and after 4 years of followup. A set was composed of two or three 24-h dietary records. Participants were invited to complete a set every year during the 6 years of follow-up, leading to a maximum of 6 sets of 24-h dietary records 9 per subject (range: 2 to 6 collected sets). Other selection criteria to be included in the analysis sample were: residency in mainland France, not being underreporters of energy intake, and no missing data for individual characteristics at baseline. Self-reported vegetarians and vegans were excluded from this analysis. They are overrepresented in the NutriNet-Santé study cohort, and their inclusion in the analysis sample might have artificially increased the mean scores of vegetable protein consumption.

Energy-underreporting participants were identified by the method proposed by Black [START_REF] Black | Critical evaluation of energy intake using the Goldberg cut-off for energy intake:basal metabolic rate. A practical guide to its calculation, use and limitations[END_REF] and excluded. Briefly, basal metabolic rate (BMR) was estimated by Schofield equations [START_REF] Schofield | Predicting basal metabolic rate, new standards and review of previous work[END_REF] according to sex, age, weight and height collected at enrolment in the study. BMR was compared to energy intake, taking into account the physical activity level (a physical activity level of 1.55 was used to identify underreporting subjects) [START_REF] Black | Critical evaluation of energy intake using the Goldberg cut-off for energy intake:basal metabolic rate. A practical guide to its calculation, use and limitations[END_REF].

For each sex, weighting was calculated using the iterative proportional fitting procedure according to the 2009 French national census reports on age, occupational categories, educational level, marital status and geographical area of residence [47]. Weighting was accounted for all analyses.

Mean percent energy intake provided by plant proteins and mean pro-vegetarian score at baseline were compared by sex, age group, educational level, household composition, size of the urban unit of residence and BMI category, using Student's t-test or analysis of variance (ANOVA) as appropriate, and were presented with their standard error (SE).

The database was constituted of repeated yearly measurements of the two dietary indicators for each participant. To assess the evolution of the two indicators over time and their interaction with individual characteristics, linear mixed models were used. They take into account inter-individual variability induced by the change in consumption for each subject, and the intra-subject correlation resulting from repeated measurements of indicators in the same subject [START_REF] Laird | Random-effects models for longitudinal data[END_REF]. Multivariate linear mixed models, including sex, age, educational level, household composition, size of the urban unit of residence and BMI categories at baseline, were established. Models were also adjusted for household composition at the last follow-up. To select individual characteristics, univariable analysis was conducted and all analyses were significant. A P-value <0.05 was considered statistically significant. 11
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Results

Among 33,212 subjects included between May 2009 and April 2010, with at least 2 sets of 24-h dietary records and who were not energy-underreporting subjects, we excluded 499 persons not living in the French metropolitan area, 492 who self-reported being vegetarian and vegan, 268 participants with missing data for variables at baseline (BMI, educational level and size of the UU) and 657 participants with missing data for household composition at the last follow-up (Figure 1). We also excluded 15,681 participants who were lost to follow-up after four years, leaving 15,615 participants in the final sample.

All subjects had been followed for 4 years, and 51% had been followed for up to 6 years. The mean follow-up was 4.6 years (SD: 0.5 years). In this sample, 29% of the participants had completed all their dietary sets of records every year for 6 years, 36% had 5 sets of records, 21% had 4 sets of records, 10% had 3 sets of records and 4% had only 2 sets of records.

Comparisons between participants and excluded subjects (17,598 subjects) presented in Supplementary Table 1 showed that included subjects were older (mean 48.4 years (SD: 14.1) vs.

41.7 years (SD: 14.1)); the percentage of those not living with children and the prevalence of overweight were higher, while the percentage of those living with children and the obesity prevalence were lower. In addition, the mean percentage of energy intake from plant proteins and the mean provegetarian score were equivalent in both included and excluded subjects (means 5.6% (SD: 1.3) vs.

5.5% (SD: 1.4) and 36.1 (SD: 5.1) vs. 35.9 (SD: 5.3), respectively) (Supplementary Table 1).

According to raw data, the size of the urban unit of residence of our sample has similar percentage that those reported by the national census while men, young adults, subjects with a low level of education and individuals living with a child were poorly represented in our sample (Table 1).

Sociodemographic characteristics were modified by the weighting procedure. Demographic and socioeconomic characteristics were mostly comparable between the weighted sample and the French general population, except for education (Table 1). After weighted, about half of participants in the analysis sample were women (Table 1). Mean age at baseline was 47.8 years (SE: 0.1). In addition, 63% of participants had an educational level higher than or equal to high school graduation. More than half of the subjects were living without a child but with at least one adult but only 5% were living alone, 2).
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The mean PEIPP was higher in older subjects, individuals who lived alone and underweight or normalweight subjects, compared to young adults, those who lived with at least one child and obese persons respectively (Table 2). The mean pro-vegetarian score was positively associated with age (Table 2).

The score was higher in individuals who lived alone or with another adult and in underweight or normal weight subjects compared to those who lived with at least one child, and compared to obese persons.

During follow-up, PEIPP decreased slightly (-0.1% (SE: 0.01), p<0.01), while the pro-vegetarian score showed a slight increase (+0.1 (SE: 0.04), p=0.02) over time (Supplementary Table 2). In addition, energy intake without alcohol decreased (-156.2 kJ/day (SE: 16.8), p<0.01) as the mean protein intake (-1.9 g/day (SE: 0.2), p<0.01) and the percent of plant protein in the protein intake (-0.5% (SE: 0.1), p<0.01). Men had slightly higher intakes of plant proteins than women whereas previous studies showing lower consumption of plant foods such as fruits and vegetables in men than in women [START_REF] Micha | Global, regional and national consumption of major food groups in 1990 and 2010: a systematic analysis including 266 country-specific nutrition surveys worldwide[END_REF][START_REF] Roos | Trends of socioeconomic differences in daily vegetable consumption, 1979-2002[END_REF][START_REF] Jensen | Preferences, quantities and concerns: socio-cultural perspectives on the gendered consumption of foods[END_REF]. Further analysis showed that the slightly higher contribution of plant proteins in men in our study may be explained by their equivalent cereals, potatoes and tubers consumption, an important source of plant proteins (Supplementary Table 2).

Results of the associations

At baseline, the contribution of plant proteins to diet was positively associated with age, in agreement with the literature [START_REF] Micha | Global, regional and national consumption of major food groups in 1990 and 2010: a systematic analysis including 266 country-specific nutrition surveys worldwide[END_REF][START_REF] Drewnowski | Impact of aging on eating behaviors, food choices, nutrition, and health status[END_REF]. This suggests that dietary habits of older adults are more in line with nutritional recommendations than in young adults, including higher consumption of fruits and vegetable, possibly due to a generational effect on dietary patterns and food supply practices. Despite higher intake of plant-based foods, the older the participant at baseline, the more the two indicators decreased over time compared to younger participants at baseline. Food and nutrient intake, including plant-based foods, declined with age [START_REF] Drewnowski | Impact of aging on eating behaviors, food choices, nutrition, and health status[END_REF], possibly due to physiological changes associated with aging such as altered taste and smell, altered digestive capacity and altered dentition and chewing ability, limiting intake of certain foods and reducing dietary diversity [START_REF] Drewnowski | Impact of aging on eating behaviors, food choices, nutrition, and health status[END_REF][START_REF] Kimura | Evaluation of chewing ability and its relationship with activities of daily living, depression, cognitive status and food intake in the communitydwelling elderly[END_REF]. 15
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In agreement with a multicenter study on protein intake conducted in 10 European countries including France [34], our study showed that education was positively associated with both pro-vegetarian score and PEIPP. Indeed, education is associated with better understanding of the importance of nutritional information messages and the ability to appropriate these in order to generate eating behaviour in line with nutritional recommendations, such as higher consumption of fruits and vegetables and lower intake of animal-based foods [START_REF] Darmon | Does social class predict diet quality?[END_REF][START_REF] Galobardes | Indicators of socioeconomic position (part 1)[END_REF][START_REF] Méjean | Socio-economic indicators are independently associated with intake of animal foods in French adults[END_REF].

Previous studies on the association between the presence of children in the household and intake of fruits and vegetables showed contradictory results [START_REF] Laforge | Psychosocial factors influencing low fruit and vegetable consumption[END_REF][START_REF] Devine | Life-course events and experiences: association with fruit and vegetable consumption in 3 ethnic groups[END_REF]. In the present study, at baseline, no significant association was found with the pro-vegetarian score, but individuals who lived alone had higher PEIPP than those living with children. In available studies, for individuals living with children compared to those living alone, overall consumption of meat, seafood and eggs was higher [START_REF] Touvier | Variations in compliance with recommendations and types of meat/seafood/eggs according to sociodemographic and socioeconomic categories[END_REF][START_REF] Hercberg | The French National Nutrition and Health Program: 2001-2006-2010[END_REF],

which may explain their lower ratio of plant proteins vs. animal proteins. Results showing the decrease in the pro-vegetarian score over time in persons living with at least one adult but without a child at baseline may be due to additional intrahousehold factors not taken into account in our study, such as psychosocial influences [START_REF] Devine | Life-course events and experiences: association with fruit and vegetable consumption in 3 ethnic groups[END_REF][START_REF] Schäfer | Life events as turning points for sustainable nutrition[END_REF].

The pro-vegetarian score and the contribution of plant proteins to the diet were lower in subjects who presented overweight and obesity. Our finding is consistent with a multicenter study showing an inverse association between BMI and intake of plant proteins in French women, while a positive association between BMI and intake of animal proteins was found [34]. Our results is also in line with the findings of the prospective cohort Chicago Western Electric Study showing a significant inverse association between higher vegetable protein intake and obesity and a positive association between animal protein intake and obesity in employed men aged 40-55 years [58]. Our result is mainly due to higher consumption of animal foods such as red and processed meats, eggs and dairy products and, to a lesser extent, to lower intake of fruits, cereals and nuts in obese and overweight participants (data not shown). The pro-vegetarian score was higher at baseline and over time for participants who presented obesity compared to underweight or normal-weight participants. Obese subjects increased their intake of plant-based foods such as fruits, legumes and nuts during follow-up, and decreased their intake of animal-based foods (Supplementary as the protein intake but the percent of plant protein in the protein intake increased (Supplementary Table 2). Obese participants at baseline may have changed their dietary intake over time, possibly increasing plant-based food intake.

For this analysis, two indicators were chosen among several potential indicators to assess the role of plant foods in the diet. We have chosen the PEIPP rather than the ratio of plant proteins to animal proteins also used in the literature, since our preliminary analyses showed that this indicator reflected the percent energy intake provided by animal proteins. Indeed, when the PEIPP increased, the percent of energy intake provided by animal proteins decreased. Also, an increase in PEIPP was associated with a decrease of the intake of protein: 90.3 g in the first quartile of PEIPP and 83.1 g in the last quartile (p<0.01, Supplementary Table 3). Thereby, an increase in PEIPP not reflects a diet with more protein but it represents an increase of the proportion of plant consumption in the diet from a nutritional point of view. As expected, an increase in the pro-vegetarian score was associated with an increase of plant product intakes but a decrease of the animal product intakes (Supplementary Table 4).

Interpretation of present results should take into account several limitations. Since the cohort is not random, women and individuals belonging to highly educated groups may be overrepresented. . Difference regarding men in our sample may be due to a bias induced by volunteering: male participants may be more aware and may attach greater importance to nutrition issues and so may make dietary choices more in line with nutritional recommendations than those of the general population. Caution is therefore needed when interpreting and generalizing our results. Differences in dietary intake between gender and education categories are probably wider in the general population, which may explain why there was no significant association with indicators over time. The large size of our sample may have also been a constraint, since significant results were found even when the difference in intake according to categories was slight. However, the large sample size was also a strength, as it enabled a wide diversity of individual characteristics. Validity of self-reported height and weight can be questioned therefore it has been evaluated by a previous study conducted in the NutriNet-Santé cohort, showing that they can be considered as valid enough to be used [START_REF] Lassale | Validity of web-based self-reported weight and height: results of the Nutrinet-Santé study[END_REF]. The question of accuracy of web-based self-reported data also arises for repeated 24-h dietary records compared to interviews by trained dietitians. However, the validity of our web-based self-reported dietary record tool was tested against 24-h urinary and plasma biomarkers. It showed that the web-based dietary record tool used in the NutriNet-Santé study performs well at estimating protein (correlations with urinary, 0.61 in men, 0.64 in women) and potassium (correlations with urinary, 0.78 in men, 0.42 in women) intakes, and fairly well at estimating fruits and vegetables (correlation with plasma beta-carotene, 0.35 in men and 0.41 in women), fish (correlation with plasma docosahexaenoic acid and eicosapentaenoic acid, 0.51 in men and 0.54 in women), beta-carotene (correlations with plasma, 0.37 in men, 0.38 in women), vitamin C (correlations with plasma, 0.58 in men, 0.32 in women), sodium (correlations with urinary, 0.47 in men, 0.37 in women), and n-3 fatty acids intakes (correlations with plasma, 0.36 in men, 0.38 in women) [37,38]. In addition, a pilot study comparing our web-based 24-h record tool with dietitian interviews showed strong agreement between the two methods, particularly for plant-based vs. animal-based food intakes [36]. Some participants may belong to the same household and this may modify the results but this information has not been collected. Finally, we did not take into consideration life-events even though previous studies shown that life-events can influence dietary intake 
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 14 between baseline individual characteristics and change over time of PEIPP and the pro-vegetarian score after weighting are presented in Table3. The pro-vegetarian score significantly increased over time (β=0.23,95% CI = [0.08, 0.37]), while the change in PEIPP was not significant (β=0.005, 95% CI = [-0.03, 0.04]). The size of the urban unit of residence was not significantly associated with either of the indicators, either at baseline or during follow-up. Being a man was positively associated with PEIPP, whereas the association between sex and the pro-vegetarian score was not significant. In addition, sex was not significantly associated with change over time of either indicator. PEIPP and the pro-vegetarian score were positively associated with age at baseline. Both indicators declined over time in subjects aged 55 to 64 and over 65. Educational level higher than or equal to an undergraduate degree was positively associated with PEIPP, while an educational level higher than or equal to high school graduation was positively associated with the pro-vegetarian score at baseline. Education was not significantly associated with a change over time of either indicator. Household composition was not significantly associated with the pro-vegetarian score at baseline, but individuals living alone had higher PEIPP than those living with a child. The provegetarian score decreased over time in persons living with at least one adult but without a child Comment citer ce document : Colombet, Z. (Auteur de correspondance), Allès, B., Si Hassen, W., Lampuré, A., Kesse-Guyot, E., Péneau, S., Hercberg, S., Méjean, C. (2019). Individual characteristics associated with changes in the contribution of plant foods to dietary intake in a French prospective cohort. European Journal of Nutrition, 58 (5), 1991-2002. , DOI : 10.1007/s00394-018-1752-8 13 compared to those living with a child. Compared to underweight or normal-weight participants, overweight subjects and those with obesity had lower PEIPP and pro-vegetarian score at baseline. In subjects who presented obesity at baseline, pro-vegetarian score significantly increased over time. Comment citer ce document : Colombet, Z. (Auteur de correspondance), Allès, B., Si Hassen, W., Lampuré, A., Kesse-Guyot, E., Péneau, S., Hercberg, S., Méjean, C. (2019). Individual characteristics associated with changes in the contribution of plant foods to dietary intake in a French prospective cohort. European Journal of Nutrition, 58 (5), 1991-2002. , DOI : 10.1007/s00394-018-1752-8To the best of our knowledge, this is the first prospective study on consumption of plant-based foods and its associated characteristics. Also, our study uses of two complementary indicators assessing the contribution of plants to diet from a nutritional and a behavioural point of view, thereby rendering our results more robust.Our findings indicate that the percent energy intake provided by plant proteins, and the pro-vegetarian score, were positively associated with age and education at baseline, while they were inversely associated with weight status. During follow-up, the contribution of plant foods to overall diet decreased in older adults whereas pro-vegetarian score increased only in participants who presented obesity. Thus, very few individual characteristics influenced changes in plant-based food intake over time. This may be due to the slight variation in the contribution of plant-based foods to diet over time across population subgroups. A longer follow-up period might reveal a greater change in food consumption according to individual factors. Another explanation is that, in the context of the recent economic crisis, environmental factors such as food price may more strongly influence consumption of plant-based foods than individual characteristics[START_REF] Franceagrimer | Crise économique et comportements de consommation alimentaire des Français. Les cahiers de FranceAgriMer Les études 50[END_REF] 50].
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Figure 1 .

 1 Figure 1. Selection of the analysis sample from the NutriNet-Santé study cohort.

  The dietary record is completed via an interactive interface and is designed for self-administration on the dedicated website (www.etude-nutrinet-sante.fr)[36]. The accuracy of this web-based 24-h dietary record was assessed by comparing the record to interviews by trained dietitians [36] and to 24-h urinary biomarkers[37, 38]. The web-based dietary assessment method relied on a meal-based approach, recording all foods and beverages (type and quantity) consumed at breakfast, lunch, dinner and all other eating occasions. First, the participant fills in the names of all food items eaten. Next, he/she estimates portion sizes for each reported food and beverage according to standard measurements (e.g., home containers, grams indicated on the package) or using validated photographs available via the interactive interface. These photographs, taken from a validated illustrated booklet[39], represent more than 250 foods (corresponding to 1,000

	First, a nutritional indicator, the percentage of energy intake without alcohol, provided by plant proteins
	was computed as:		
	Plant protein, % of energy =	plant protein (g) × 17 kJ energy intake without alcohol	× 100
	This indicator had been previously used in epidemiological studies [31-34], enabling comparison of
	our results with data from the literature. Plant protein intake was positively associated with overall
	nutrient adequacy, making a robust marker of health awareness, better compliance to dietary
	guidelines and quality of the diet [32, 41]. In addition, the structure of this indicator included the effect
	of energy intake, and thus did not require adjustment for this variable.	
	The second indicator, a behavioural indicator, was a score of adherence to a "pro-vegetarian" food
	pattern elaborated by Martínez-González et al. [30]. Briefly, consumption (in g/day) of seven plant food
	groups (vegetables, fruits, legumes, cereals, potatoes, nuts, olive oil) and five animal food groups
	(meat and meat products, animal fat for cooking or as a spread, eggs, fish and seafood, dairy
	Comment citer ce document :	
	Colombet, Z. (Auteur de correspondance), Allès, B., Si Hassen, W., Lampuré, A., Kesse-Guyot,
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generic foods) served in seven different portion sizes. One dish could pertain to several groups if it was composed of several components. For each food group, components of composite dishes were proportionally accounted for, using French recipes validated by food and nutrition professionals.

Values for energy, macronutrients and micronutrients were estimated using published nutrient databases

[40]

.
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  22% lived in rural areas. Finally, 28% of individuals presented overweight and 10% presented obesity. At baseline, the mean percent energy intake provided by plant proteins (PEIPP) was 5.4% (SD: 0.1, range: 0.9 to 20.1) and the mean pro-vegetarian score was 35.4 (SD: 0.2, range: 16 to 55)
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Table 1 .

 1 Characteristics of the sample (n = 15,615).

	Raw data		Weighted data*	Census estimates**
	n	%	%	%

*** prevalence from a nationally representative study (Etude Nationale Nutrition Santé (ENNS) 2006-2007) Comment citer ce document : Colombet, Z. (Auteur de correspondance), Allès, B., Si Hassen, W., Lampuré, A., Kesse-Guyot, E., Péneau, S., Hercberg, S., Méjean, C. (2019). Individual characteristics associated with changes in the contribution of plant foods to dietary intake in a French prospective cohort. European Journal of Nutrition, 58 (5), 1991-2002. , DOI : 10.1007/s00394-018-1752-8 26

Table 2 .

 2 Comparison of the percent energy intake* provided by plant proteins and the pro-vegetarian score according to individual characteristics at baseline in French adults participating in the NutriNet-Santé cohort (n = 15,615)**.Comment * Sex-specific data weighted for age, occupational categories, area of residence, marital status and educational level, using 2009 national census. Student's t-test or analysis of variance (ANOVA) as appropriate. ** Percentage of daily energy intake without alcohol provided by plant proteins. † Score of adherence to a pro-vegetarian food pattern elaborated by Martínez-González et al. Energyadjusted estimates of consumption of seven plant and five animal food groups were ranked according to sex-specific quintiles. The quintiles were scored from 1 to 5 and these scores were summed up to obtain an overall score ranging from 12 (lowest adherence) to 60 (highest adherence).

	Percent energy intake	
	provided by plant	
	proteins***	Pro-vegetarian score †
	Mean ± SE p-value	Mean ± SE p-value
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Table 3 .

 3 Multivariate linear mixed analysis* showing associations between baseline individual characteristics, changes in percent energy intake** provided by plant proteins and the pro-vegetarian score up to 6 years in French adults participating in the NutriNet-Santé cohort (n = 15,615)***. ** Sex-specific data weighted for age, occupational categories, area of residence, marital status and educational level, using 2009 national census † Percentage of daily energy intake without alcohol provided by plant proteins. ‡ Score of adherence to a pro-vegetarian food pattern elaborated by Martínez-González et al. Energyadjusted estimates of consumption of seven plant and five animal food groups were ranked according to sex-specific quintiles. The quintiles were scored from 1 to 5 and these scores were summed up to obtain an overall score ranging from 12 (lowest adherence) to 60 (highest adherence).

		Percent energy intake from		
		plant proteins †	Pro-vegetarian score ‡
		β (95% CI)	p-value	β (95% CI)	p-value
	Time	0.005 (-0.03, 0.04)	0.78	0.23 (0.08, 0.37)	0.002
	Sex				
	Men	0.06 (0.01, 0.11)	0.01	-0.07 (-0.26, 0.12)	0.49
	Men*time	0.001 (-0.01, 0.01)	0.92	-0.04 (-0.10, 0.01)	0.10
	Age class				
	18-29 years	Reference		Reference	
	30-49 years	0.46 (0.39, 0.53) < 0.0001	1.57 (1.28, 1.86) < 0.0001
	30-49 years*time	-0.01 (-0.03, 0.004)	0.13	-0.04 (-0.13, 0.04)	0.30
	50-64 years	0.68 (0.61, 0.75) < 0.0001	2.66 (2.37, 2.94) < 0.0001
	50-64 years*time	-0.04 (-0.06, -0.02) < 0.0001	-0.09 (-0.17, -0.01)	0.04
	≥ 65 years	0.80 (0.71, 0.88) < 0.0001	3.30 (2.97, 3.64) < 0.0001
	≥ 65 years*time	-0.05 (-0.07, -0.03) < 0.0001	-0.13 (-0.22, -0.04)	0.01
	Educational level				
	None or primary	Reference		Reference	
	Secondary	-0.001 (-0.11, 0.11)	0.99	-0.01 (-0.44, 0.43)	0.98
	Secondary*time	0.01 (-0.02, 0.04)	0.44	-0.05 (-0.16, 0.07)	0.43
	High School graduate	0.09 (-0.02, 0.19)	0.12	0.47 (0.05, 0.89)	0.03
	High School graduate*time	0.003 (-0.02, 0.03)	0.80	-0.07 (-0.18, 0.03)	0.19
	Undergraduate	0.12 (0.01, 0.23)	0.03	0.65 (0.22, 1.08)	0.003
	Undergraduate*time	0.01 (-0.01, 0.04)	0.38	-0.08 (-0.19, 0.04)	0.18
	Postgraduate	0.23 (0.12, 0.34) < 0.0001	1.19 (0.75, 1.62) < 0.0001
	Postgraduate*time	-0.01 (-0.03, 0.02)	0.64	-0.07 (-0.18, 0.04)	0.22
	Household composition				
	Living with a child	Reference		Reference	
	Living alone	0.11 (0.02, 0.21)	0.02	0.05 (-0.34, 0.43)	0.82
	Living alone*time	0.0004 (-0.02, 0.02)	0.97	-0.05 (-0.15, 0.05)	0.31
	Living with at least one adult, but				
	without a child	0.03 (-0.03, 0.09)	0.31	0.25 (-0.01, 0.51)	0.05
	Living with at least one adult, but				
	without a child *time	-0.002 (-0.02, 0.01)	0.84	-0.07 (-0.14, -0.01)	0.03
	Size of urban unit of residence				
	20,000 -200,000 inhabitants	Reference		Reference	
	Rural	-0.04 (-0.1, 0.03)	0.25	-0.19 (-0.46, 0.08)	0.16
	Rural*time	-0.005 (-0.02, 0.01)	0.60	-0.01 (-0.09, 0.06)	0.79
	< 20,000 inhabitants	-0.02 (-0.09, 0.05)	0.53	-0.15 (-0.44, 0.14)	0.31
	< 20,000 inhabitants*time	-0.001 (-0.02, 0.02)	0.95	0.05 (-0.03, 0.13)	0.19
	> 200,000 inhabitants	-0.03 (-0.09, 0.03)	0.34	0.15 (-0.12, 0.41)	0.27
	> 200,000 inhabitants*time	-0.003 (-0.02, 0.01)	0.69	0.01 (-0.06, 0.08)	0.80
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