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INTRODUCTION

Primordial prevention, which seeks ways to avoid the onset of risk factors, has been emphasized as a complementary prevention strategy for cardiovascular diseases (CVD). [START_REF] Strasser | Reflections on Cardiovascular Diseases[END_REF] To this end, the American Heart Association (AHA) has developed a simple 7-item tool for promoting ideal cardiovascular health (CVH), i.e. at least 5 among the 7 items at the ideal level include 4 behaviours (smoking status, body mass index, physical activity and diet at ideal levels) and 3 biological factors (untreated blood pressure, untreated fasting glycemia and total cholesterol at ideal levels). [START_REF] Hong | Defining and setting national goals for cardiovascular health promotion and disease reduction: the American Heart Association's strategic Impact Goal through 2020 and beyond[END_REF] While several individual studies and meta-analyses of observational studies have repeatedly reported a substantial and stepwise decreased risk of mortality and incident CVD in subjects with intermediate or ideal CVH in comparison to those in poor CVH, [START_REF] Guo | Association between ideal cardiovascular health metrics and risk of cardiovascular events or mortality: A meta-analysis of prospective studies[END_REF] the prevalence of ideal CVH in the general population remains low. [START_REF] Shay | Status of cardiovascular health in US adults: prevalence estimates from the National Health and Nutrition Examination Surveys (NHANES) 2003-2008[END_REF] Continuous efforts must be made to promote ideal CVH in all segments of the population.

Due to population growth and aging, an important step is to identify modifiable factors that favour or limit the attainment of ideal CVH.

Oral diseases (mainly dental caries and periodontitis) impact the functional capacity of eating and nutritional status. 5 6 In other words, chewing capacity, a proxy for assessing chewing function efficiency, is an important prerequisite for adequate nutrition. [START_REF] Godlewski | Effect of dental status on changes in mastication in patients with obesity following bariatric surgery[END_REF] A reliable assessment criteria of chewing capacity in adults is the number of functional tooth units (FTUs) defined as the number of posterior natural or artificial premolar and molar opposing pairs. [START_REF] Ueno | Category of functional tooth units in relation to the number of teeth and masticatory ability in Japanese adults[END_REF] We previously observed in a large community-based cohort that FTUs are associated with allcause mortality. [START_REF] Adolph | Oral health in relation to all-cause mortality: the IPC cohort study[END_REF] Furthermore, epidemiological and clinical studies have shown associations of chewing capacity with individual CVD risk factors such as obesity, 5 10 and blood pressure. [START_REF] Darnaud | Oral Health and Blood Pressure: The IPC Cohort[END_REF] The latter finding raises the possibility that numbers of FTUs might be related to CVH, although to our best knowledge, no prior study has investigated this question. We hypothesised that preserved chewing capacity in adulthood, a prerequisite for healthy eating, would increase the likelihood of attaining a high level of CVH.

PATIENTS AND METHODS

Study Population

This is a cross-sectional analysis of the baseline data of the Paris Prospective Study 3 (PPS 3), an ongoing community-based prospective study, registered on the WHO international clinical trial registry platform (NCT00741728). This study aims to explore novel markers of heart variability and arterial ageing for the risk of sudden cardiac death and other cardiovascular disease phenotypes in initially healthy subjects. [START_REF] Empana | Paris Prospective Study III: a study of novel heart rate parameters, baroreflex sensitivity and risk of sudden death[END_REF] The PPS3 protocol was approved by the Ethics Committee of the Cochin Hospital (Paris) and every volunteer signed an informed consent. The standard medical examination at the IPC included a complete clinical examination including measurement of height, weight and blood pressure, coupled with standard biological tests after an overnight fast. A self-administered questionnaire provided information related to professional activity, lifestyle (tobacco and alcohol consumption, physical activity, diet), personal and family medical history (including history of CVD), current health status and medication consumption. [START_REF] Benetos | Role of modifiable risk factors in life expectancy in the elderly[END_REF] 

Between

Study variables

Cardiovascular health (outcome)

The criteria and cut-off values recommended by the AHA were used to define the 4 behaviours and 3 biological factors of CVH. [START_REF] Hong | Defining and setting national goals for cardiovascular health promotion and disease reduction: the American Heart Association's strategic Impact Goal through 2020 and beyond[END_REF] Following previous works, global CVH status was categorized as being poor, intermediate or ideal, when respectively 0 to 2 metric(s), 3 to 4 or 5 to 7 metrics were at the ideal level. [START_REF] Gaye | Ideal Cardiovascular Health, Mortality, and Vascular Events in Elderly Subjects: The Three-City Study[END_REF] 

Behaviors

Ideal smoking status was defined as non-smoking (never smoked or quit smoking for at least 12 months) and ideal body mass index (BMI) was defined by a value <25kg/m 2 . Ideal physical activity was estimated by questionnaire and corresponded to participants who were walking at least one hour every day or who were practicing sports 3 times or more per week.

Diet was assessed by a short and validated 18-item food frequency questionnaire that defined dietary patterns. [START_REF] Lasfargues | Validity of a short self-administered dietary questionnaire compared with a dietetic interview[END_REF] As rich fiber food content could not be estimated reliably, the diet metric was established on the basis of 4 out of the 5 items. Altogether, an ideal diet identified participants who consumed vegetables and fresh fruits more than four times a week, fish twice or more a week, sodium less than 1.500mg per day and who never drank any sugarsweetened beverages. The presence of 0-1, 2 and 3-4 behavioural metric(s) at the ideal level defined poor, intermediate and ideal behavioural CVH, respectively.

Biological factors

Blood samples were collected following an overnight fast. Ideal total cholesterol, and glycemia were defined by untreated values <5.56 mmol/L and <5.20 mmol/L respectively, whereas ideal blood pressure was defined by an untreated value <120/80 mmHg. The presence of 0-1, 2 and 3 biological metric(s) at the ideal level defined poor, intermediate and ideal biological CVH, respectively.

Oral health (exposure)

At the preventive health centre, the policy is that volunteers and participants who have not attended a dental visit during the last year are eligible for an oral examination. Hence, from the initial 10157 subjects included in PPS3, 5430 underwent an oral examination. Oral examination was performed by one of the five trained dentists of the IPC preventive centre and has been desribed previously. 9 11 16 Chewing capacity was evaluated by recording the number of opposing natural and prosthetic pairs of premolars and molars, i.e. the FTUs. [START_REF] Iwasaki | Association between number of pairs of opposing posterior teeth, metabolic syndrome, and obesity[END_REF] Given that wisdom teeth were not recorded, the minimal number of FTUs was 0 and the maximum was 8.

Covariates

Marital status (single or married), education level (university or under), deprivation status assessed by the EPICES score ("Evaluation de la Précarité et des Inégalités de santé dans les Centres d'Examens de Santé" meaning evaluation of deprivation and health inequalities for health examination centers, higher score indicating higher likelihood of deprivation), and depressive symptoms status assessed by the Questionnaire of Depression 2 nd version, Abridged (QD2A) or the use of antidepressants were considered as confounding factors for both CVH and chewing capacity based on previously published studies. 16 17 Dental plaque index were reported as supporting measurements for dental status, and oral hygiene status, respectively. 11 16 All the covariates were dichotomized.

Statistical analyses

Categorical and continuous variables were presented as percentages and mean ± standard deviation (SD), respectively. Characteristics of the study population were compared according to their CVH status using the Pearson chi-square test or ANOVA test where appropriate. The main analysis used multinomial logistic regression to quantify the association between FTUs (exposure) and intermediate and ideal CVH (outcomes), using poor CVH as the reference.

The chewing capacity threshold was set at 5 FTUs (<5 versus ≥5), corresponding to 50% (<50% versus ≥50%) of chewing function. Regression models were adjusted for a priori confounding factors for both FTUs and CVH: age, sex, marital status, education, deprivation, depressive status, and dental plaque. 16 18-21 This approach was taken for each metric separately, and for the CVH status (global, behavioural and biological). Then, linear regression analysis was run to compare the mean difference in the number of metrics at ideal level between subjects with ≥5 vs. those with <5 FTUs, adjusting for the same covariates as above. All the analyses were two-sided and p values <0.05 indicated statistical significance (except for the interaction analysis for which a p value of <0.10 was chosen). Statistical analyses were performed using SAS version 9.4 (Cary, North Carolina, USA). The present observational study followed the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines for cross-sectional studies (supplemental file).

RESULTS

Participants' characteristics

Among the 5430 participants who underwent the oral examination, 5011 without a personal history of CVD and without missing value for the CVH metrics or the covariates were retained for the present analysis (Figure 1). The mean age of the study population was 59±6 years and 63.2% were men. Nearly 7% of the participants presented impaired chewing capacity (<5 FTUs), and 3% had poor oral hygiene. The baseline characteristics of the study participants by global CVH status are reported in Table 1. Ideal CVH was observed in 10.3% of the study participants. The proportion of females and subjects living in better socioeconomic conditions (lower EPICES scores) increased while the burden of cardiovascular risk factors decreased as the level of CVH increased. Chewing capacity (>5 FTUs, p-value<0.01), but not dental plaque accumulation, differed between the CVH levels.

Association between number of FTUs and CVH

First, we explored in Table 2 associations between chewing capacity (exposure) and the level (i.e. poor, intermediate and ideal) of each CVH metric (outcome) in separate analysis and quantified odds ratios (OR) and 95% confidence intervals (CI). After adjustment for age, sex, marital status, education, deprivation and depressive status (Model 2), the number of FTUs was associated with all the behavioural metrics at the ideal level except physical activity, and with all biological metrics at the intermediate and ideal levels except total cholesterol. The strongest association was reported between chewing capacity and ideal healthy diet: OR= 2.77 (95% CI 1.20; 6.42). Further adjustment for dental plaque (Model 3) did not change the results. Then, we quantified in Table 3 associations between chewing capacity and the level (i.e. poor, intermediate and ideal) of global CVH (7 metrics combined), behavioural CVH (4 behavioral metrics combined including smoking, BMI, physical activity and diet) and biological CVH (3 biological metrics combined including total cholesterol, glycaemia and blood pressure). After full adjustment (Model 3), participants having at least 5 FTUs were more likely to have an ideal global CVH (OR=2.37; 95% CI 1.37-4.12). When investigating behavioural and biological CVH separately, associations were observed with the behavioural CVH component only, and in a dose-response manner from intermediate to ideal level as compared to poor level (p for trend=0.0001).

Among the six covariates included in the multivariate analysis (model 2), higher education was related to a higher likelihood of having intermediate and ideal CVH, while being a man and being depressed were related to a significantly lower likelihood of having intermediate and ideal CVH, respectively (supplemental Table 1).

In fully adjusted linear regression analysis (model 3), there was an average difference of 1.47 (1.19; 1.81) in the number of ideal metrics between subjects with preserved vs. those with poor chewing capacity (not shown).

DISCUSSION

The present cross-sectional analysis of 5011 women and men aged 50-75 years explores the hypothesis that a preserved chewing capacity in adulthood is associated with the attainment of ideal CVH. Our findings establish a positive association between the number of FTUs ≥5 and the ideal CVH level, especially behavioural CVH, after adjustment for confounding risk factors (age, sex, marital status, education, deprivation, depressive status, and dental plaque).

Although several population and clinical studies have reported associations of chewing capacity with individual CVD risk factors such as obesity, 5 10 22 and blood pressure, [START_REF] Darnaud | Oral Health and Blood Pressure: The IPC Cohort[END_REF] as far as we know, only one prior study has investigated associations between chewing capacity and a cluster of risk factors. [START_REF] Iwasaki | Association between number of pairs of opposing posterior teeth, metabolic syndrome, and obesity[END_REF] In this Asian study including 2,807 adults aged 25-74 years, poor chewing capacity was related to a significant increase of 1.34 in the odds of having metabolic syndrome in the multivariate analysis. Whereas this latter study and our own do not consider exactly the same risk factors and do not combine them the same way, both are consistent in suggesting that chewing capacity is related to a combination of CVD risk factors.

The pathophysiological mechanism underlying our research hypothesis is based on the eating/nutrition pathway. In the present study, we show that the number of FTUs is associated with the behavioural component of CVH only, but not with the biological component. The strongest association between FTUs and CVH behaviours is observed with the healthy diet metric. There is strong evidence mainly in older adults that food intakes, diet quality and nutritional status are linked with chewing capacity, regardless of the assessment criteria used, number of tooth loss or FTUs. 6 23 24 25 A recent meta-analysis found that well-nourished subjects had a higher number of FTU when compared to subjects with risk of malnutrition or malnutrition. [START_REF] Toniazzo | Relationship of nutritional status and oral health in elderly: Systematic review with meta-analysis[END_REF] In addition, we observed a strong association between FTUs and BMI. This is consistent with other studies reporting an association between obesity and tooth loss, [START_REF] Ostberg | Oral health and obesity indicators[END_REF] or lower chewing efficiency in obese compared with non-obese patients. 28 29 However, it is noteworthy that an interventional study did not find any effect of chewing performance on the nutritional status in older patients treated with fixed or removable partial dentures. [START_REF] Wallace | Impact of prosthodontic rehabilitation on the masticatory performance of partially dentate older patients: Can it predict nutritional state? Results from a RCT[END_REF] Our finding of an association between chewing capacity and CVH raises several public health implications. Tooth loss and its main cause, i.e. oral diseases, are highly prevalent worldwide, but largely preventable by promoting regular dental care networks and lower sugar containing food availability. Global strategies aimed at preventing tooth loss and replacing missing teeth by dental prosthesis are crucial to maintain chewing capacity, and could contribute towards increasing the prevalence of ideal CVH in adulthood. Indeed, preserved chewing capacity favours a healthy diet, leading to optimal nutritional status that may contribute to ideal CVH. However, longitudinal studies must be performed to determine whether improvement in chewing capacity contributes to better CVH.

Despite the large size sample of our study, the standardized oral examination by trained dentists and the consideration of a wide range of potential confounding factors, we acknowledge the following limitations. First, the cross-sectional design prevents concluding on the temporality and causality of the association between chewing capacity and CVH.

Second, the sample is not representative of the French population, but is based on a sample of 50-75 year-old inhabitants living in Paris and its suburbs. Furthermore, the fact that the volunteers who took part in the study were recruited in a preventive health center, means that the study participants were perhaps more concerned with their health than their counterparts of similar age. This may affect the prevalence of both CVH and FTUs, but should not affect the magnitude of the associations reported. Third, given that French legislation prohibits collecting data on race and ethnicity, we were unable to explore the extent to which the associations between chewing capacity and CVH differed by ethnic group. Fourth, although, the EPICES score assess multidimensional deprivation at an individual level, [START_REF] Empana | Cross-sectional analysis of deprivation and ideal cardiovascular health in the Paris Prospective Study 3[END_REF] as for the majority of current deprivation measures, it is based on experts opinion rather than feedback from people who experienced deprivation and is not sensitive to gender. Unfortunately, we cannot discard that the EPICES score has hidden gender inequalities not investigated in this study. In addition, our definitions of physical activity and healthy diet metrics were incomplete as in many studies. Finally, we used the cut-off described in the AHA special report on CVH published in 2010 to define blood pressure as ideal (Systolic Blood Pressure <120 mmHg or Diastolic Blood Pressure <80 mmHg, untreated), intermediate (SBP between 120-139 mmHg or DBP between 80-89 mmHg or Systolic Blood Pressure <120 mmHg or Diastolic Blood Pressure <80 mmHg on treatment) and poor (SBP ≥140 mmHg or DBP ≥90 mmHg). [START_REF] Hong | Defining and setting national goals for cardiovascular health promotion and disease reduction: the American Heart Association's strategic Impact Goal through 2020 and beyond[END_REF] It is interesting to discuss the definition of the BP metric in the context of the updated American and European guidelines on hypertension published in 2018. 31 32 The ideal level of BP corresponds to the optimal BP values recommended both by the European and the Consequently, it seems reasonable to keep the definitions for blood pressure as set up in the Simple's Life 7 tool for studies in the iCVH field, until an international consensus is achieved.

In conclusion, the present study indicates that preserved chewing capacity in adulthood is associated with ideal CVH, and especially ideal behavioural CVH. This result raises the possibility that strategies aimed at preserving adequate chewing capacity may contribute to increasing the level of CVH in the population. 

  June 2008 and May 2012, 10157 participants (40% of women) aged 50-75 years were recruited in a large prevention centre called Centre d'Investigations Préventives et Cliniques (IPC), subsidized by the French National Insurance System for Salaried Workers (Caisse Nationale de l'Assurance Maladie des Travailleurs Salariés). All working and retired employees and their families were invited to benefit from a free medical, dental and biological check-up. The target population of the IPC centre includes 11 million inhabitants from Paris and its suburbs.

  American guidelines. The intermediate level of BP corresponds to elevated (120-129 or <80 mmHg) or stage 1 hypertension (130-139 or 80-89 mmHg) according to the American guidelines and to normal (120-129 or 80-85 mmHg) or high normal (130-139 or 86-89 mmHg) values of BP according to the European guidelines. The poor level of BP corresponds to stage 2 hypertension by the American guidelines (SBP ≥140 mmHg or DBP ≥90 mmHg) and to at least stage 1 hypertension (SBP ≥140 mmHg or DBP ≥90 mmHg) according to the European guidelines, respectively. Interestingly, in the context of primary prevention in people with low to moderate cardiovascular disease risk, the case for most participants of the Paris Prospective Study 3, pharmacological intervention is recommended to start at SBP ≥140 mmHg or DBP ≥90 mmHg according to both the American and European guidelines.
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 1 Figure 1: Flowchart of the sample selection from the Paris Prospective Study 3 cohort.
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Table 1 :

 1 Characteristics of the study participants (n=5011) by global CVH status.

Table 2 :

 2 Adjusted odds ratios of functional tooth units (exposure) for intermediate and ideal vs. poor level of each metric of CVH (outcomes).

Table 3 :

 3 Adjusted odds ratio of functional tooth units (exposure) for intermediate and ideal vs. poor level of global, behavioural and biological CVH (outcomes).

Table 1 :

 1 Characteristics of the study participants (n=5011) by global CVH status. -4 and 5-7 health metric(s) at the ideal level, respectively. * p-value for a Cochran-Armitage trend test or a univariate linear regression where appropriate.

	401

Table 3 :

 3 Odds ratio of functional tooth units (exposure) for intermediate and ideal vs. poor level of global, behavioural and biological CVH (outcomes).

	Abbreviations: CVH: cardiovascular health;

Note: Odds ratio (OR) and 95% Confidence Interval (CI) limits were obtained by multinomial logistic regression. Model 1: adjustment for age and sex. Model 2: model 1 plus adjustment

FUNDING

The PPS3 Study was supported by grants from the National Research Agency (ANR), the Research Foundation for Hypertension (FRHTA), the Research Institute in Public Health (IRESP), and the Région Ile de France (Domaine d'Intérêt Majeur). This study has received institutional support by INSERM (N° C07-39).

COMPETING INTERESTS

The Authors have no conflict of interest to declare with respect to the authorship and/or publication of this article.