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Abstract
Background: The aim of this study was to assess the association between levels of physical activity and oral health in adults residing in Spain. 
Methods: Cross-sectional data from the Spanish National Health Survey 2017 were analysed (n = 17,777 adults aged ≥15 years; 52.0% females). The International Physical Activity Questionnaire (IPAQ) short form was used to measure physical activity. Oral health was self-reported through eight variables. Covariates included were sex, age, marital status, education, obesity, smoking, and alcohol consumption. 
Results: Dental caries (19.8% vs 27.8%), dental extraction (72.7% vs 75.4%), gingival bleeding (15.5% vs 19.1%), tooth movement (4.3% vs 5.9%), and missing tooth (57.9% vs 62.5%) were statistically significantly less frequent in the sufficient than insufficient physical activity group, whereas dental filling (74.2% vs 70.9%), dental material (36.6% vs 34.8%) and no missing tooth and no material (28.2% vs 25.1%) were statistically significantly more common. After adjustment, there was a negative relationship between physical activity and dental caries (OR=0.72; 95%CI=0.66-0.78), gingival bleeding (OR=0.79; 95%CI=0.72-0.86), tooth movement (OR=0.83; 95%CI=0.71-0.96), and missing tooth (OR=0.91; 95%CI=0.85-0.98). In contrast, physical activity was positively associated with dental material (OR=1.16; 95%CI=1.07-1.25). 
Conclusions: Participation in physical activity is favourably associated with some but not all self-reported oral health correlates.
Keywords: dental health; physical activity; adults; cross-sectional study; Spain

1. INTRODUCTION

The World Health Organization (WHO) defines oral health as a state of being free from mouth and facial pain, oral diseases and disorders that limit an individual’s capacity in biting, chewing, smiling, speaking, and psychological wellbeing.1 Not only is poor oral health (defined here as not being free of any of the following: mouth and facial pain, oral diseases, and oral disorders that limit an individual’s capacity in biting, chewing, smiling, speaking, and psychological wellbeing) associated with lower quality of life (QOL) and wellbeing2 but it has also been shown to be associated with poor physical health including an increased risk of various non-communicable diseases (e.g., hypertension3, dementia4, depression5). Unfortunately, poor oral health is highly frequent throughout Europe. Figures suggest that dental caries vary from 20% to 90% among young children in this area of the world, while almost one third of people aged 65-74 years have no natural teeth.6

Importantly, oral disease inflicts people of all ages and is associated with a major economic burden, particularly in high-income countries.7,8 Therefore, it is now important to better identify lifestyle behaviours impacting oral health to inform the implementation of interventions to prevent against poor oral health. One behaviour that may be associated with oral health, but has received little attention in the literature is physical activity.9,10,11,12,13 Physical activity is defined as any bodily movement caused by contraction of skeletal muscle that increases energy expenditure.14 There are several domains of physical activity including sport, exercise, and lifestyle physical activity (e.g., gardening, walking, cycling to destinations). The literature that does exist on physical activity and oral health is sparse but does suggest that physical activity may aid in the prevention of various oral complications. For example, in a study of 2,521 US adults it was found that engaging in the recommended levels of physical activity was cross-sectionally associated with lower periodontitis prevalence, especially among never and former smokers.9 More recently, in a review of seven articles it was identified that physical activity was associated with a reduction in periodontitis in six studies.12 In another study investigating the association between physical fitness (a proxy variable for physical activity) and teeth status in a Japanese community-dwelling population of older adults (n=552), it was found that number of teeth was an independent factor for the timed 10 m walk test (in females) and the skeletal muscle mass of the whole body (in males), while there was a significant correlation between the timed 10 m walk test and the Eichner index.11 Importantly, periodontal disease is characterized by an inflammatory process resulting of a host response to bacterial infection that leads to destruction of periodontal tissues (e.g., gingiva, ligament, alveolar bone).15 A plethora of literature has shown that physical activity is associated with a favourable inflammatory profile,16,17 and thus physical activity may offer some protection against oral disease. 

However, it is also possible that participation in sport (one domain of physical activity) is associated with worsening oral health. Indeed, a consistent finding in published studies is that oral health of athletes is poor. In a systematic review focusing on oral health of elite athletes it was found that athletes have a high prevalence of dental caries, periodontal disease, dental erosion/tooth wear and pericoronitis (infections around wisdom teeth)/impacted third molar.18 The reasons behind this phenomenon are not clear but it has been hypothesised that it may involve nutritional intake, oral dehydration, exercise-induce immune suppression, lack of awareness, negative health behaviours, and lack of prioritisation.19

Taking this together, the relationship between physical activity and parameters of oral health is not clear and understudied. Therefore, the aim of the present study was to investigate the cross-sectional association between physical activity and eight self-reported oral health parameters [i.e., dental caries, dental extraction, dental filling, gingival bleeding, tooth movement, dental material (specially fabricated materials, designed for use in dentistry), missing tooth, no missing tooth and no material] in a large representative sample of the Spanish adult population. 

2. METHODS
2.1. The survey
Data from the Spanish National Health Survey 2017 were analysed. This survey was undertaken in Spain between October 2016 and October 2017. Details of the survey method have been previously published.20,21 In brief, for the data collection, a stratified three-stage sampling was used in which the census sections were first considered, then the family dwellings, and then an adult (15 years or more) was selected within each dwelling. The dwellings were selected by systematic sampling and to select the person who had to complete the Adult Questionnaire, the random Kish method was used. The sample was representative of the adult population resident in Spain, and consisted of 17,777 adults aged 15-69 years. The age group of adults ≥70 years was not considered in this study, as they did not complete the IPAQ short form. IPAQ short form is an instrument designed primarily for population surveillance of physical activity among adults, and it has been developed and tested for use in adults (age range of 15-69 years), and until further development and testing is undertaken the use of IPAQ with older and younger age groups is not recommended.22 The method of data collection used was computer-assisted personal interviewing (CAPI), conducted in the homes of the selected participants. The interviewers, previously trained, completed the questionnaires with the information provided by the participants. The interviewers clarified any problem of understanding that the participants could have. All participants signed an informed consent form before responding to the survey questions.

2.2. Oral health (outcome)
Oral health was evaluated through eight yes–no questions: 1. Do you have dental caries (dental caries)?; 2. Have you had dental extraction (dental extraction)?; 3. Do you have dental filling (dental filling)?; 4. Do you have gingival bleeding when you brush your teeth or spontaneously (gingival bleeding)?; 5. Do you have tooth movement (tooth movement)?; 6. Do you wear covers (crowns), bridges, other types of prostheses or dentures (dental material)?; 7. Do you have missing teeth that have not been replaced by prostheses (missing tooth)?; and 8. Do you have or keep all your natural teeth (no missing tooth and no material)? This questionnaire is a valid measure of self-referred dental health.23

2.3. Physical activity (exposure)
IPAQ short form was used to measure physical activity.24 Total physical activity metabolic equivalent of task (MET)-minutes/week were calculated through the following formula: sum of walking + moderate + vigorous MET-minutes/week scores.22 Using guidelines for data processing and analysis of the IPAQ,22 participants were divided into those who are (≥600 MET-minutes/week) and those who are not (<600 MET-minutes/week) sufficiently active. World Health Organisation recommends that adults conduct at least 600 MET-minutes/week of physical activity, the equivalent of 150 minutes of brisk walking or 75 minutes of running per week.25 IPAQ has been validated in adult populations from different countries showing acceptable validity (ρ=0.30, 95% CI: 0.23-0.36) and reliability (Spearman’s ρ=0.81, 95% CI: 0.79-0.82).26 Specifically, IPAQ Short Form has been validated among Spanish university students showing adequate validity.27

2.4. Control variables
The selection of the control variables was based on past literature.9,11,28,29 Sociodemographic variables included sex, age, marital status (married vs single/widowed/divorced/separated) and education (≤primary, secondary, ≥tertiary). Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared based on self-reported weight and height. Using the standard WHO definition, obesity was defined as BMI≥30 kg/m2, and BMI<30 kg/m2 was considered no obesity. Smoking status was self-reported and categorized as never, current and former smoking. Alcohol consumption in the last 12 months was self-reported and categorized as yes (any) and no (none).

 2.5. Statistical analysis
The statistical analysis was performed with R 3.5.2 (The R Foundation).30 Differences in the sample characteristics by physical activity were assessed by Chi-squared tests for all variables except age (t-test). Differences in the prevalence of dental health variables were further compared between participants with sufficient and those with insufficient physical activity using Chi-squared tests. We conducted multivariable logistic regression analysis to assess the association between physical activity (exposure) and dental health (outcome). Logistic regression models were adjusted for sex, age, marital status, education, obesity, smoking, and alcohol. All variables were included in the models as categorical variables with the exception of age which was included as a continuous variable. Under 2.84% of the data were missing for the variables used in this study. Complete-case analysis was carried out. Results from the logistic regression analyses are presented as odds ratios (ORs) with 95% confidence intervals (CIs). P-values were corrected using the Benjamini and Hochberg procedure, and P-values <0.05 were considered statistically significant.  

3. RESULTS
This study included 17,777 participants aged ≥15 years. There were 52.0% of women and the mean [standard deviation (SD)] age of the population was 45.8 (14.1) years (Table 1). Compared to individuals with insufficient self-reported levels of physical activity, those with sufficient levels of physical activity were more likely to be men, younger and single/widowed/divorced/separated, while they also had higher prevalence of secondary or ≥tertiary education and alcohol use, and lower prevalence of obesity and current smoking. Self-reported dental caries (19.8% vs 27.8%), dental extraction (72.7% vs 75.4%), gingival bleeding (15.5% vs 19.1%), tooth movement (4.3% vs 5.9%), and missing tooth (57.9% vs 62.5%) were statistically significantly less frequent in the sufficient than in the insufficient physical activity group, whereas dental filling (74.2% vs 70.9%), dental material (36.6% vs 34.8%) and no missing tooth and no material (28.2% vs 25.1%) were statistically significantly more common (Figure 1). After adjusting for several confounders (i.e., sex, age, marital status, education, obesity, smoking, alcohol), there was a negative relationship between self-reported physical activity and dental caries [odds ratio (OR)=0.72; 95% confidence interval (CI)=0.66-0.78], gingival bleeding (OR=0.79; 95% CI=0.72-0.86), tooth movement (OR=0.83; 95% CI=0.71-0.96), and missing tooth (OR=0.91; 95% CI=0.85-0.98) (Figure 2). In contrast, physical activity was positively associated with dental material (OR=1.16; 95% CI=1.07-1.25).

4. DISCUSSION

In this large representative sample of older Spanish adults, we found a high frequency of self-reported oral health complications, with approximately 20% to 28% reporting dental caries. We found mixed associations between levels of physical activity and dental correlates, with physical activity being potentially protective against dental caries, gingival bleeding, tooth movement, and missing tooth but increasing the risk of the presence of dental material. 

Findings from the present study support previous literature that has shown that participation in physical activity is associated with better oral health. Indeed, such associations are likely to be driven by physical activity participation promoting a positive inflammatory profile that subsequently lowers this risk of oral disease, tooth movement and missing tooth. Specifically, participation in physical activity has been shown to lower levels of the inflammatory markers C-reactive protein, tumour necrosis factor alpha and interleukin 6.17 These inflammatory markers have been found to be instrumental in the pathogenesis of oral disorders.31,32 Indeed, participation in physical activity has been shown to increase, for example, antimicrobial proteins and lactoferrin concentration which could lead to a decrease in inflammation.33,34 

However, it should be noted that the present study found that risk of presence of dental material was higher in those participants who were physically active. Dental materials are specially fabricated materials, designed for use in dentistry. Examples include temporary dressings, dental restorations (e.g., fillings, crowns, bridges), endodontic materials (used in root canal therapy), impression materials, prosthetic materials (dentures), and dental implants. Presence of dental material has been found to be associated with tooth erosion and dental caries. Previous research has suggested that sport participation (one domain of physical activity) may be associated with a higher prevalence of tooth erosion and dental caries potentially through a higher consumption of sports drinks and drying off the mouth.10,19,35-37 For example, in one study of 35 triathletes and 35 non-exercising controls, it was found that triathletes showed an increased risk for dental erosion (P = 0.001), concluding that there is a need for risk-adapted preventive dental concepts in the field of sports dentistry.10 Moreover, a review focusing on the effects of energy and sports drinks on tooth structure suggested that the caries-causing potential of these drinks should be carefully considered.38 Another explanation is that those with high levels of physical activity may be more conscious of their general health, including dental health, and thus may be more likely to use dental material. However, this hypothesis remains untested. 
 
To our knowledge, this is the first study to investigate the relationship between physical activity and several oral health correlates in a large representative sample of Spanish adults. A key limitation of the present work that should be highlighted is that analyses were cross-sectional. It is therefore not possible to determine the direction of the association. It is indeed possible that the relationship is bidirectional. For example, literature has shown that poor oral health is associated with myocardial infarction and cardiovascular disease per se39,40 and there is a large body of literature demonstrating that physical activity levels are low in those with myocardial infarction and cardiovascular disease.41,42 Future research should therefore investigate the present observed associations using a longitudinal design. Another limitation is that wealth may be partly driving the observed association. Indeed, wealth has been shown to be associated with both participation in physical activity and dental health, however, wealth was not recorded in the survey used for the present analyses. Moreover, the Spanish health system does not cover dental care so those who are poorer may be more likely to have their teeth extracted than to have it treated via fillings etc. Therefore, future studies should also consider including wealth in statistical models as a potential covariate. It should be noted that although some of the differences observed were statistically significant the clinical significance is possibly less convincing, such as for tooth movement. Effect sizes should also be considered when interpreting this work. Finally, exposure, outcome and covariates were self-reported potentially introducing bias into the present findings. Future work is thus also required examining the present association using objective measures.  

In conclusion, the present study shows that participation in physical activity is favourably associated with some but not all self-reported oral health correlates. Before recommendations for policy and practice can be made future research now needs to be carried out to investigate whether the present associations are observed in other populations and using a longitudinal design to determine the direction of the associations. 
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Table 1. Sample characteristics (overall and by physical activity status)
	
	
	
	Physical activity

	Characteristics
	Category
	Overall
	Insufficient
	Sufficient
	P-valuea

	Sex
	Male
	48.0
	44.3
	49.6
	<0.001

	
	Female
	52.0
	55.7
	50.4
	

	Age (years)
	Mean (SD)
	45.8 (14.1)
	46.7 (13.5)
	45.5 (14.4)
	<0.001

	Marital status
	Single/widowed/divorced/separated
	43.6
	40.4
	45.0
	<0.001

	
	Married
	56.4
	59.6
	55.0
	

	Education
	≤Primary
	18.7
	24.3
	16.3
	<0.001

	
	Secondary
	50.6
	50.5
	50.7
	

	
	≥Tertiary
	30.7
	25.2
	33.0
	

	Obesity
	No
	83.5
	77.9
	85.9
	<0.001

	
	Yes
	16.5
	22.1
	14.1
	

	Smoking
	Never
	46.1
	44.0
	47.1
	<0.001

	
	Past
	25.3
	23.6
	26.0
	

	
	Current
	28.5
	32.4
	26.9
	

	Alcohol
	No
	30.2
	34.6
	28.4
	<0.001

	
	Yes
	69.8
	65.4
	71.6
	


Abbreviations: PA physical activity; SD standard deviation; MET Metabolic Equivalent of Task.
Participants were asked about their PA, and PA was dichotomized into insufficient and sufficient using the World Health Organization recommendations (cut-off of 600 MET-minutes per week). 
a P-values were based on Chi-squared tests except for age (t-test), and were adjusted using the Benjamini-Hochberg correction. Data are percentage (%) except for age [mean (SD)].













Figure 1. Dental health by physical activity status in a sample of 17,777 participants from Spain 
Abbreviation: PA physical activity; MET Metabolic Equivalent of Task.
Participants were asked about their PA, and PA was dichotomized into insufficient and sufficient using the World Health Organization recommendations (cut-off of 600 MET-minutes per week).
Dental health was compared between participants with sufficient and those with insufficient PA using Chi-squared tests. P-values were adjusted using the Benjamini-Hochberg correction, and all p-values were lower than 0.001 except for dental material (lower than 0.05).
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Figure 2. The association of physical activity (independent variable) with dental health (dependent variables) estimated by multivariate logistic regression models.
Abbreviation: PA physical activity; MET Metabolic Equivalent of Task.
Participants were asked about their PA, and PA was dichotomized into insufficient and sufficient using the World Health Organization recommendations (cut-off of 600 MET-minutes per week).
Logistic regression models were adjusted for sex, age, marital status, education, obesity, smoking, and alcohol. P-values were adjusted using the Benjamini-Hochberg correction.
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