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Abstract 

While many determinants of dental attendance among older adults have been identified, no study has 

focused on the role of frailty. The aim of this study was to assess the association between different 

levels of frailty and dental attendance among home-dwelling older adults, in Belgium.  

Materials and methods: This was a cross-sectional study on a random sample of home-dwelling adults 

aged 60 and over from two Belgian cities. Data were collected with a structured questionnaire through 

a participatory peer-research method. Time since last dental attendance was the dependent variable. 

The independent variable was frailty, assessed with the Comprehensive Frailty Assessment Instrument, 

including physical, psychological, social, and environmental subdomains. Covariates were age, gender, 

having a partner, educational level, and household income, as well as self-perceived oral health. Data 

analysis included descriptive, bivariate (Chi-Square, ANOVA, Kruskal-Wallis) and binomial logistic 

regression analyses. 

Results: The sample consisted of 1329 older adults with a mean age of 72.5 years (SD 8.9, range 60 to 

103 ). In the low frailty group, 73% attended the dentist in the previous 12 months, while it was 62% 

and 54% in the medium and high frailty group respectively. In the fully adjusted model, the initial 

gradient in the relationship between overall frailty and dental attendance remained; those in the 

medium and the high frailty groups were respectively 1.46 (95% CI: 1.09, 1.95) and 1.67 (95% CI: 1.15, 

2.43) times more likely to report no dental attendance in the previous year than the low frailty group. 

Similar associations could be seen in the physical and environmental frailty subdomains. 

Conclusion: Frailty is consistently associated to less favourable dental attendance, independently from 

age, gender, socioeconomic factors, family composition, and self-perceived oral health. Once frailty 

has been detected, good interprofessional communication and care is needed to avoid drop-out of 

older adults from the oral healthcare system.  

 

 

 

 

 

 

 



Introduction 

Good oral health is important to maintain function, wellbeing and quality of life but is an often 

neglected element in the process of healthy ageing.1–5 Oral diseases remain very prevalent worldwide 

and the demographic transition towards ageing societies and epidemiological changes in oral health 

make this an even more pressing issue.6–8 A considerable decline in edentulousness, combined with 

the cumulative nature of oral diseases and consecutive dental treatments over the last decades, have 

resulted in many older adults with a heavily restored dentition, making it difficult to maintain their 

mouth healthy and clean once motor and cognitive skills decline.9 Moreover, there is a higher risk for 

oral pathology among older adults due to dry mouth.10 Preservation of optimal oral health across the 

lifespan, including regular follow-ups by dental professionals, remains one of the major challenges in 

oral healthcare.  

Regular dental attendance is not only important for early detection of pathology and provision of 

preventive care but also contributes to better oral health and OHRQoL.11–13 A study by Manski et al. 

among older adults (+ 50 years) in Europe showed considerable variation in dental attendance among 

countries, ranging from 23% in Poland to 82% Sweden.14 Nevertheless, in all European countries, 

dental attendance is lower in older people irrespective of the social welfare regime.14 Apart from 

Sweden, there were no European countries with 50% of their oldest citizens (>85 years) reporting 

regularly attending a dental professional. Previous research has identified several determinants of 

regular dental attendance among older adults, such as higher income and education, being female, 

having a partner, a high density of dental practitioners, good health and oral health status, perceived 

need and regular early life dental attendance patterns.14–18 

While many of these factors have been well examined, considerably less attention has been given to 

the role of common conditions in older people that could affect dental attendance, such as frailty. Frail 

persons are characterised by declined functioning and greater vulnerability to stressors. Moreover, 

they are at risk of adverse outcomes, including falls, hospitalisation, and mortality. There is no clear 

definition of frailty as a concept, but there is a global consensus that it is multidimensional, an extreme 

consequence of the normal ageing process and dynamic, making it possible to fluctuate between 

different frailty severity states along the life-course.19 There is a large variety in frailty measurement 

instruments going from a physical approach to a more holistic approach including psychosocial and 

environmental factors.20 

Several cross-sectional and longitudinal associations have been demonstrated between worse oral 

health measures and the presence of frailty or aspects of frailty.21–23 Moreover, frail older persons have 

higher healthcare and homecare utilization than robust older persons.24 However, little is known about 



the association of frailty with dental attendance among older adults. A Mexican study on older adults 

aged over 70 years old showed that not using dental services over the previous year was associated 

with being physically frail.25 Yet, there are no studies on the association in the opposite direction (i.e., 

frailty as a determinant of dental attendance), neither in a European context nor using a frailty 

measure that goes beyond the physical aspects of frailty. Accordingly, the aim of this study was to 

assess the association between different levels of frailty and dental attendance among home-dwelling 

older adults aged 60 years and over, using a more holistic approach to frailty.  

Materials and Methods 

This was a cross-sectional study based on a random representative sample of community-dwelling 

adults aged 60 and over from two Belgian cities (Ghent and Mechelen with 261,475 and 86,304 

inhabitants respectively). To reduce response bias, non-responders were replaced by persons from the 

same sex and age group (60 to 69 years, 70 to 79 years and over 80 years). 

Data were collected in 2018 within the Belgian Ageing Studies26, a research project assessing quality 

of life and living conditions of older adults at municipality level. Data collection took place with a 

structured self-administered questionnaire through a participatory peer-research method. Local older 

volunteers were responsible for guiding, monitoring, and supervising the research process as well as 

for data collection. Previous findings from the Belgian Ageing Studies have shown that this approach 

results in high response rates and more complete questionnaires and minimises socially desired 

responses.27 The ethical committee of the Vrije Universiteit Brussel approved the study protocol 

(B.U.N. 143201111521).  

The dependent variable in this analysis was the time since last dental attendance (<1year, 1-5years, 

>5years). For the regression analysis, dental attendance was dichotomised (<1 year vs 1 year or more). 

A 1 year cut-off point was chosen rather than 5 years because that recall interval would be preferable 

considering the possibility of greater risk for oral pathology as people age.  

The main independent variable was frailty, assessed with the Comprehensive Frailty Assessment 

Instrument (CFAI). The CFAI is a self-reported instrument of 23 questions designed and validated to 

assess frailty in community-dwelling older persons.28,29 It is a multi-dimensional instrument applying a 

holistic approach to frailty and includes physical (limitations in certain activities), psychological (mood 

disorders and emotional loneliness), social (social loneliness and social support network) and 

environmental (actual housing and environment) subdomains. Subdomains comprise 4 to 8 items.29 

The environmental subdomain is unique among the frailty assessment instruments but highly relevant 

because people depend on their environment in the context of ageing in place, a commonly applied 

policy in ageing societies. For each CFAI subdomain, an overall score can be calculated, and each of the 



four subdomains contributes equally to a total frailty score which can range between 0 and 100. The 

theoretical model applied during the development of the CFAI, includes increased health care 

utilization as one of the adverse outcomes of frailty and therefore, the CFAI was used to assess the 

association between frailty and oral healthcare utilization. Participants were categorised into low, mild 

and high frailty groups, for both the overall frailty score and the subdomain scores, through previously 

established cut-off points based on a large dataset of 33629 community-dwelling older adults in 

Belgium; for the overall frailty score, the cut-offs were 21.9 for mild and 38.8 for high levels of frailty.30 

Covariates comprised demographic data (age and gender), socio-economic data (educational level and 

household income), marital status (having a partner or not) as well as self-perceived oral health. 

Concerning the latter, participants were categorised as having poor self-perceived oral health if they 

reported at least one of the following at the time of the survey: oral pain, functional problems 

(chewing, speaking), problems with their oral aesthetics, denture-related problems, or other oral 

problems by means of a yes/no question. Data on age, household income and educational level were 

collected as categorical variables, using 4 different categories (Table 1).   

Data analysis included a descriptive analysis of the demographic (age, gender, having a partner) and 

socio-economic (educational level and household income) variables as well as frailty and dental 

attendance. Bivariate associations between the independent variable (frailty), the covariates and the 

outcome (dental attendance) were assessed with Chi-Square, One-way ANOVA and Kruskal-Wallis 

tests. To avoid bias due to missing data, multiple imputation (fully conditional specification method 

with linear regression as model for scale variables and 5 iterations) was applied to the different items 

of the CFAI and the covariates mentioned above. All imputed variables also served as predicting 

variables and, for age, a minimum and maximum value were set of 60 and 103 years respectively. 

Finally, binomial logistic regression models based on the pooled dataset were employed to assess the 

association between frailty (total CFAI score as well as the 4 different sub-domains) and dental 

attendance, unadjusted and adjusted for demographic variables (age and gender), socio-economic 

position (educational level and household income), having a partner and self-perceived oral health. 

For sensitivity analysis, a complete case analysis was also run. All analysis used SPSS for windows 

version 27 (SPSS Inc., Chicago, IL, USA). 

Results 

The total sample consisted of 1329 older adults with a mean age of 72.5 years (SD 8.9, range 60 to 103) 

and 21.3% belonged to the high frailty group (Table 1). Looking at the different frailty subdomains, the 

highest proportion of highly frail participants could be found in the social subdomain (22.7%). Most 

participants (63.2%) visited the dentist over the previous year whereas for 18.3% of the participants, 



it was more than 5 years since their last dental attendance. The bivariate analysis demonstrated that 

higher levels of overall frailty were associated with lower dental attendance in the previous year. In 

addition, a higher prevalence of dental attendance in the previous year was associated with younger 

age, higher education level, higher household income, having a partner and having no self-perceived 

oral health problems. 

Before imputation, the original dataset had 6.5% missing responses resulting in 39.4% (n = 524) of the 

participants having incomplete data and 22.7% (n = 302) of the participants where the overall frailty 

based on 23 items could not be calculated. Participants were more likely to have missing CFAI items if 

they were in an older age group, a lower income group or had a lower educational background, were 

female or did not have a partner.  

The crude association between overall frailty and dental attendance showed that older adults with 

medium and high frailty had a higher probability of not visiting the dentist in the previous year than 

those belonging to the low frailty group, with ORs of 1.74 (95% CI: 1.33, 2.29) and 2.54 (95% CI: 1.85, 

3.49) respectively (Table 2). Even after adjusting for age and gender (model 2), socioeconomic position 

(model 3), family composition (model 4) and self-perceived oral health (model 5), the consistent 

association between overall frailty and dental attendance remained; those in the medium and the high 

frailty group were respectively 1.46 (95% CI: 1.09, 1.95) and 1.67 (95% CI: 1.15, 2.43) times more likely 

than to the low frailty group to report no dental attendance in the previous year. These results were 

similar to the complete case analysis (see appendix). 

The regression models for the different subdomains of the CFAI are represented in Table 3. The 

physical and environmental subdomains showed an association that remained in the fully adjusted 

model, with older adults with high physical and environmental frailty scores being 1.58 (95% CI: 1.09, 

2.28) and 1.46 (95% CI: 1.03, 2.08) times more likely to not have visited the dentist over the previous 

year than those with the lowest physical and environmental frailty scores respectively. In contrast, the 

crude association with the psychological subdomain was fully explained after adjustment for age, sex 

and socioeconomic position and the social frailty domain was not significantly associated with dental 

attendance at any stage in the analysis. 

Discussion 

The findings showed a clear and consistent association between overall frailty and dental attendance, 

as well as for physical and environmental aspects of frailty. The higher the frailty level, the lower the 

probability of dental attendance over the previous year. Even after adjustment for important 

covariates, older adults in the highest frailty group were 1.67 times more likely than the low frailty 

group to report no dental attendance in the previous year.  



As far as we know, this is the first study looking at the association between frailty and dental 

attendance in home-dwelling older adults in a European context. Moreover, the study used a more 

comprehensive approach to assess the impact of psychological, social, and environmental elements of 

frailty besides the more common physical aspects.  Our analyses showed the added value of taking a 

holistic approach towards frailty as all 4 subdomains contribute to the overall frailty scores but not in 

an equal way. The estimates indicated a stronger and more robust to adjustment association with 

dental attendance for the physical subdomain and the high frailty group of the environmental 

subdomain, while the respective estimates for the psychological more modest and the significant 

association disappeared in the adjustment process. For the social frailty subdomains, there was no 

significant association at any stage. There is clear evidence that problems with transport and mobility 

are major barriers for dental attendance among older adults.31–33 Moreover, a higher density of dental 

practitioners, limiting the distance to a dental practice, improves access to dental care.15,34 The present 

study corroborates these results as the physical frailty subdomain includes questions around 

limitations when going for a walk, walking up a hill or stairs, doing less or very demanding activities, 

which can contribute to physical access barriers.  

The environmental frailty subdomain is focussing primarily on the quality of housing, the distance to 

facilities and whether people like their neighbourhood. Older adults prefer to age in their own house 

and neighbourhood due to the psychological connection, because it gives them a feeling of autonomy 

and creates an identity.35,36 However, housing and neighbourhoods are often not adapted to the 

changing needs of older adults and can become a burden with a negative impact on quality of life.37 

Moreover, the needs among older adults are very diverse, making the success of “aging in place” 

policies very challenging.38 We showed that environmental frailty is associated with lower dental 

attendance over the previous year, which supports the importance of including oral health in more 

broader policies on ageing in place.        

Limitations 

The study was based on a large cross-sectional sample from two cities in Belgium, and so its 

representativeness is limited to those and not the country and no assumptions can be made on the 

evolution over time. Moreover, there was no data collection on the number and profile of the non-

responders but previous research with the same methods has shown that 65-85% of the invited 

persons in the first round of data collection agreed to participate.27 The outcome variable for dental 

attendance also has limitations. First, it was measured through a questionnaire and not from official 

healthcare records. The use of questionnaires to collect dental attendance is standard practice but it 

may lead to less precise findings due to potential recall or social desirability bias. Furthermore, dental 



attendance over the previous year is not the same as having regular dental check-ups as it also includes 

emergency visits. In future studies, the question on dental attendance should be more precise about 

the reason for dental attendance. Moreover, there is little to no evidence to suggest the benefit of a 

certain time period for a dental recall interval as this should depend on a persons’ risk profile.39 

Therefore, using 1 year as a cut-off point in the analysis is somewhat arbitrary but considering the 

epidemiology of oral pathology among older adults and the possible changes in their risk profile, it 

seemed a better choice than 5 years. Moreover, it will probably lead to less recall bias. Nevertheless, 

it is an important standard variable to collect as it provides information on access to care, which is 

essential for older people with an increased risk for (oral) health problems. As a last limitation, the 

analyses adjusted for a range of key variables but it would have been even better if there were also 

data available on number of natural teeth or other key oral health variables like caries or periodontal 

disease, to be included in the adjustment process, as oral status is an important predictor of dental 

attendance in older adults.31,40,41 Due to lack of data availability, other key comorbidities were also not 

included.  

The main findings seem to be in contrast with the literature on general healthcare consumption as 

several recent papers showed that frailty is associated with higher healthcare use and costs among 

home-dwelling older people.42–45 The lower dental attendance among frail persons cannot be 

explained by better oral health status. A recent systematic review on the associations between oral 

health and frailty showed that frail persons had higher caries prevalence, worse self-reported oral 

health, worse chewing ability and dry mouth, more edentulousness and more non-use of complete 

dentures.46 Therefore, the findings of our study might indicate an example of the inverse care law being 

present in dental care for frail persons whereas in general medical care, this does not seem to be the 

case. Qualitative research has shown that frail home-dwelling older adults refrain from visiting the 

dentist because they lack believe in the benefits of dental visits and trivialize oral care in the general 

context of their impaired health and old age.47 Frailty might as such reinforce the predominant reason 

for non-attendance among older adults above 50 years old being the perception that regular dental 

treatment is ‘not necessary’ or ‘not usual’.18 

From a health policy perspective, the finding of lower dental attendance among older adults with the  

highest frailty levels and frail persons having a higher risks of poor oral health has two important 

implications: increasing the focus on prevention to avoid the need for professional treatment; and 

removing experienced barriers to professional care. Either way, there is a need for better integration 

of oral and general healthcare systems and improved oral health literacy both among older adults and 

also healthcare professionals being active in care for older people.48 These are in line with recent policy 

documents of the World Health Organization (WHO) and the world Dental Federation (FDI).49,50 



Healthcare settings with an embedded frailty screening could empower and inform older frail home-

dwelling adults and their (informal) carers to have regular dental check-ups. A good skill-mix, including 

oral health, of essential healthcare staff and social workers is essential in that respect. 

Conclusion 

A higher level of overall frailty is associated with a higher probability of not attending the dentist over 

the previous year. There was a gradient in the association that remained significant after adjustment 

for age, education level, household income, having a partner and the presence of self-perceived oral 

health problems. The main drivers for the association were the physical and environmental 

subdomains. Once frailty is detected, good interprofessional communication and care is needed to 

avoid drop-out of older adults from the oral healthcare system and allow for early detection of oral 

health problems. 

References 

1.  Badewy R, Singh H, Quiñonez C, Singhal S. Impact of Poor Oral Health on Community-Dwelling 

Seniors: A Scoping Review. Health Serv Insights. 2021;14.  

2.  Matsuyama Y, Listl S, Jürges H, Watt RG, Aida J, Tsakos G. Causal Effect of Tooth Loss on 

Functional Capacity in Older Adults in England: A Natural Experiment. J Am Geriatr Soc. 

2021;69(5):1319-1327.  

3.  Niesten D, van Mourik K, van der Sanden W. The impact of having natural teeth on the QoL of 

frail dentulous older people. A qualitative study. BMC Public Health. 2012;12(1):839.  

4.  Rouxel P, Tsakos G, Chandola T, Watt RG. Oral Health—A Neglected Aspect of Subjective Well-

Being in Later Life. J Gerontol B Psychol Sci Soc Sci. 2018;73(3):382-386.  

5.  World Health Organization. World Report on Ageing and Health. WHO press, World health 

organisation, Geneva, Switserland. Published online 2015. www.who.int 

6.  Kassebaum NJ, Bernabé E, Dahiya M, Bhandari B, Murray CJL, Marcenes W. Global Burden of 

Untreated Caries. J Dent Res. 2015;94(5):650-658.  

7.  Kassebaum NJ, Bernabé E, Dahiya M, Bhandari B, Murray CJL, Marcenes W. Global burden of 

severe periodontitis in 1990-2010: A systematic review and meta-regression. J Dent Res. 

2014;93(11):1045-1053.  

8.  Thomson WM.. Epidemiology of oral health conditions in older people. Gerodontology. 

2014;31 Suppl 1:9-16.  

9.  Müller F, Naharro M, Carlsson GE. What are the prevalence and incidence of tooth loss in the 

adult and elderly population in Europe? Clin Oral Implants Res. 2007;18(SUPPL. 3):2-14.  

10.  Anil S, Vellappally S, Hashem M, Preethanath RS, Patil S, Samaranayake LP. Xerostomia in 

geriatric patients: a burgeoning global concern. J Investig Clin Dent. 2016;7(1):5-12.  



11.  Åstrøm AN, Ekback G, Ordell S, Nasir E. Long-term routine dental attendance: Influence on 

tooth loss and oral health-related quality of life in Swedish older adults. Community Dent Oral 

Epidemiol. 2014;42(5):460-469.  

12.  Donaldson AN, Everitt B, Newton T, Steele J, Sherriff M, Bower E. The effects of social class 

and dental attendance on oral health. J Dent Res. 2008;87(1):60-64.  

13.  Talakey AA, Bernabé E. Long-term regular dental attendance and tooth retention among 

British adults: A cross-sectional analysis of national survey data. Int J Dent Hyg. 2019;17(1):64-

70.  

14.  Manski R, Moeller J, Chen H, Widström E, Listl S. Disparity in dental attendance among older 

adult populations: A comparative analysis across selected European countries and the USA. 

Int Dent J. 2016;66(1):36-48.  

15.  Lupi-Pegurier L, Clerc-Urmes I, Abu-Zaineh M, Paraponaris A, Ventelou B. Density of dental 

practitioners and access to dental care for the elderly: A multilevel analysis with a view on 

socio-economic inequality. Health Policy (New York). 2011;103(2-3):160-167.  

16.  Listl S. Inequalities in Dental Attendance throughout the Life-course. J Dent Res. 

2012;91(1):S91-S97.  

17.  Gülcan F, Ekbäck G, Ordell S, Lie SA, Åstrøm AN. Social predictors of less frequent dental 

attendance over time among older people: population-averaged and person-specific 

estimates. Community Dent Oral Epidemiol. 2016;44:263-273.  

18.  Listl S, Moeller J, Manski R. A multi-country comparison of reasons for dental non-attendance. 

Eur J Oral Sci. 2014;122(1):62-69.  

19.  Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Series Frailty 1 Frailty : 

implications for clinical practice and public health. The Lancet. 2019;394(10206):1365-1375.  

20.  Dent E, Kowal P, Hoogendijk EO. Frailty measurement in research and clinical practice: A 

review. Eur J Intern Med. 2016;31:3-10.  

21.  Tôrres LHDN, Tellez M, Hilgert JB, Hugo FN, De Sousa MDLR, Ismail AI. Frailty, Frailty 

Components, and Oral Health: A Systematic Review. J Am Geriatr Soc. 2015;63(12):2555-2562.  

22.  Hakeem FF, Bernabé E, Sabbah W. Association between oral health and frailty: A systematic 

review of longitudinal studies. Gerodontology. 2019;(February):ger.12406.  

23.  Hoeksema AR, Spoorenberg SLW, Peters LL, et al. Elderly with remaining teeth report less 

frailty and better quality of life than edentulous elderly: a cross-sectional study. Oral Dis. 

2017;23(4):526-536.  

24.  Hoeck S, François G, Geerts J, Van Der Heyden J, Vandewoude M, Van Hal G. Health-care and 

home-care utilization among frail elderly persons in Belgium. Eur J Public Health. 

2012;22(5):671-677.  

25.  Castreján-Pérez RC, Borges-Yá̃ez SA, Gutiérrez-Robledo LM, Ávila-Funes JA. Oral health 

conditions and frailty in Mexican community-dwelling elderly: A cross sectional analysis. BMC 

Public Health. 2012;12(1).  

26.  Belgian Ageing Studies. Accessed March 19, 2021. 

http://www.belgianageingstudies.be/index.php?p=10 



27.  Dury S, Brussel VU, Brussel VU, Buffel T. Recruiting Older Volunteers: Findings From the 

Belgian Ageing Studies. International Journal of Social Sciences and Humanity Studies. 

2010;2(1):1-8. 

28.  De Witte N, Gobbens R, De Donder L, et al. The comprehensive frailty assessment instrument: 

Development, validity and reliability. Geriatr Nurs (Minneap). 2013;34(4):274-281.  

29.  De Witte N, Gobbens R, De Donder L, et al. Validation of the Comprehensive Frailty 

Assessment Instrument against the Tilburg Frailty Indicator. Eur Geriatr Med. 2013;4(4):248-

254.  

30.  Witte N de, Hoeyberghs L, Verte E, et al. The comprehensive frailty assessment instrument 

enables to detect multidimensional frailty in community dwelling older people. Healthy Aging 

Res. 2018;07(03).  

31.  Kiyak HA, Reichmuth M. Barriers to and enablers of older adults’ use of dental services. J Dent 

Educ. 2005;69(9):975-986. 

32.  McKernan SC, Reynolds JC, Ingleshwar A, Pooley M, Kuthy RA, Damiano PC. Transportation 

barriers and use of dental services among Medicaid-insured adults. JDR Clin Trans Res. 

2018;3(1):101-108.  

33.  Montini T, Tseng TY, Patel H, Shelley D. Barriers to dental services for older adults. Am J 

Health Behav. 2014;38(5):781-788. 

34.  Lee W, Kim SJ, Albert JM, Nelson S. DENTAL CARE UTILIZATION: Community factors predicting 

dental care utilization among older adults. Journal of the American Dental Association. 

2014;145(2):150-158.  

35.  Ewen HH, Hahn SJ, Erickson MA, Krout JA. Aging in Place or Relocation? Plans of Community-

Dwelling Older Adults. J Hous Elderly. 2014;28(3):288-309.  

36.  Kendig H, Gong CH, Cannon L, Browning C. Preferences and Predictors of Aging in Place: 

Longitudinal Evidence from Melbourne, Australia. J Hous Elderly. 2017;31(3):259-271.  

37.  Vanleerberghe P, De Witte N, Claes C, Schalock RL, Verté D. The quality of life of older people 

aging in place: a literature review. Quality of Life Research. 2017;26(11):2899-2907.  

38.  Van Dijk HM, Cramm JM, Van Exel J, Nieboer AP. The ideal neighbourhood for ageing in place 

as perceived by frail and non-frail community-dwelling older people. Ageing Soc. 

2015;35(8):1771-1795.  

39.  Fee PA, Riley P, Worthington H V., Clarkson JE, Boyers D, Beirne P V. Recall intervals for oral 

health in primary care patients. Cochrane Database of Systematic Reviews. 2020;2020(10).  

40.  Reda SM, Krois J, Reda SF, Thomson WM, Schwendicke F. The impact of demographic, health-

related and social factors on dental services utilization: Systematic review and meta-analysis. J 

Dent. 2018;75(February):1-6.  

41.  Astrom AN, Ekback G, Nasir E, Ordell S, Unell L. Use of dental services throughout middle and 

early old ages: A prospective cohort study. Community Dent Oral Epidemiol. 2013;41(1):30-39.  

42.  Gobbens RJJ, Van Assen MALM, Luijkx KG, Schols JMGA. The predictive validity of the tilburg 

frailty indicator: Disability, health care utilization, and quality of life in a population at risk. 

Gerontologist. 2012;52(5):619-631.  



43.  Sirven N, Rapp T. The cost of frailty in France. European Journal of Health Economics. 

2017;18(2):243-253.  

44.  Ensrud KE, Kats AM, Schousboe JT, et al. Frailty Phenotype and Health Care Costs and 

Utilization in Older Women. J Am Geriatr Soc. 2018;66(7):1276-1283.  

45.  Ensrud KE, Kats AM, Schousboe JT, et al. Frailty Phenotype and Healthcare Costs and 

Utilization in Older Men. J Am Geriatr Soc. 2020;68(9):2034-2042.  

46.  Slashcheva LD, Karjalahti E, Hassett LC, Smith B, Chamberlain AM. A systematic review and 

gap analysis of frailty and oral health characteristics in older adults: A call for clinical 

translation. Gerodontology. 2021;(January):1-13.  

47.  Niesten D, van Mourik K, van der Sanden W. The impact of frailty on oral care behavior of 

older people: a qualitative study. BMC Oral Health. 2013;13:61.  

48.  Bennett IM, Chen J, Soroui JS, White S. The contribution of health literacy to disparities in self-

rated health status and preventive health behaviors in older adults. Ann Fam Med. 

2009;7(3):204-211.  

49.  Glick M, Williams DM, Yahya B, et al. Vision 2030: Delivering Optimal Oral Health for All.; 

2021. 

50.  World Health Organization (WHO). Oral Health Resolution EB148/R1.; 2021. 

  

  



Table 1. Frailty, sociodemographic and -economic characteristics of the overall sample and by dental attendance 
(n=1329) 
 
  Dental attendance 

 Total sample [n (%)] < 1 year ago [n 
(%)] 

 1 - 5 years ago [n 
(%)] 

 > 5 years ago [n 
(%)] 

Frailty        
Overall frailty (n=1027) 
*** 

      

   Low  414 (40.3%) 304 (73.4%)  58 (14.0%)  52 (12.6%) 
   Medium 391 (38.1%) 243 (62.1%)  80 (20.5%)  68 (17.4%) 
   High 222 (21.3%) 121 (54.5%)  44 (19.8%)  57 (25.7%) 
Mean frailty score (SD) 27.7 (14.1) 25.9 (13.7)  29.8 (13.3)  32.2 (15.4) 

Physical frailty (n=1106) 
*** 

      

   Low  721 (65.2%) 505 (70.0%)  119 (16.5%)  97 (13.5%) 
   Medium 223 (20.2%) 113 (59.6%)  46 (20.6%)  44 (19.7%) 
   High 162 (14.6%) 78 (48.1%)  39 (24.1%)  45 (27.8%) 
Mean subdomain score 
(SD) 

2.3 (2.9) 1.9 (2.7)  2.7 (3.0)  3.2 (3.3) 

Psychological frailty 
(n=1174) 

      

   Low  771 (65.7%) 512 (66.4%)  131 (17.0%)  128 (16.6% 
   Medium 297 (25.3%) 177 (59.6%)  60 (20.2%)  60 (20.2%) 
   High 106 (9.0%) 60 (56.6%)  23 (21.7%)  23 (21.7% 
Mean subdomain score 
(SD) 

2.2 (2.9) 2.0 (2.8)  2.4 (3.1)  2.5 (3.3) 

Social frailty (n=1222)       
   Low  293 (24,0%) 197 (67.2%)  53 (18.1%)  43 (14.7%) 
   Medium 652 (53.4%) 412 (63.2%)  119 (18.3%)  121 (18.6%) 
   High 277 (22.7%) 168 (60.6%)  55 (19.9%)  54 (19.5%) 
Mean subdomain score 
(SD) 

3.6 (3.1) 3.5 (3.0)  3.9 (3.1)  3.7 (3.4) 

Environmental frailty (n=1188)**      
   Low  654 (55.1%) 434 (66.4%)  115 (17.6%)  105 (16.1%) 
   Medium 336 (28.3%) 218 (64.9%)  59 (17.6%)  59 (17.6%) 
   High 198 (16.7%) 106 (53.5%)  41 (20.7%)  51 (25.8%) 
Mean subdomain score 
(SD) 

2.8 (4.0) 2.6 (3.9)  2.9 (3.9)  3.6 (4.7) 

Sociodemographic characteristics      
Age (n=1301) ***       
   60-69 years 573 (44.0%) 406 (73.0%)  83 (14.9%)  67 (12.1%) 
   70-79 years 403 (31.0%) 241 (62.6%)  72 (18.7%)  72 (18.7%) 
   80+ years 325 (25.0%) 146 (46.9%)  75 (24.1%)  90 (28.9%) 

Gender (n=1270)       
   Male 563 (44.3%) 337 (59.9%)  115 (20.4%)  111 (19.7%) 
   Female 707 (55.7%) 465 (65.8%)  121 (17.1%)  121 (17.1%) 

Partner (n=1250) ***       
   Yes 794 (63.5%) 534 (67.3%)  142 (17.9%)  118 (14.9%) 
   No 456 (36.5%) 255 (55.9%)  90 (19.7%)  11 (24.3%) 

Socioeconomic 
characteristics 

      

Education (n=1231) ***       
   No degree/primary 
education 

245 (19.9%) 110 (44,9%)  62 (25.3%)  73 (29.8%) 

   Lower secondary 
education 

312 (25.3%) 172 (55.1%)  67 (21.5%)  73 (23.4%) 

   Higher secondary 
education 

341 (27.7%) 231 (67.7%)  53 (15.5%)  57 (16.7%) 



   Higher education 333 (27.1%) 260 (78.1%)  47 (14.1%)  26 (7.8%) 

Household income (n=1046) ***      
   < 999€ 44 (4.2%) 17 (38.6%)   13 (29.5%)  14 (31.8%) 
   1000€ – 1499€ 283 (27.1%) 148 (52.3%)  62 (21.9%)  73 (25.8%) 
   1500€ – 1999€ 221 (21.1%) 129 (58.4%)  50 (22.6%)  42 (19.0%) 
   ≥ 2000€ 498 (47.6%) 369 (74.1%)  70 (14.1%)  59 (11.8%) 

Self-perceived health       
Oral problems (n=1222) **       
   Yes 293 (24.0%) 163 (55.6%)  69 (23.5%)  61 (20.8%) 
   No 929 (76,0%) 610 (65.7%)  158 (17.0%)  161 (17.3%) 

*** p – Value ≤ 0.001 for Chi-Square test, Oneway ANOVA or Kruskal-Wallis Test 
** p – Value ≤ 0.01 for Chi-Square test, Oneway ANOVA or Kruskal-Wallis Test 
* p – Value < 0.05 for Chi-Square test, Oneway ANOVA or Kruskal-Wallis Test 

 

  



 

  

Table 2bis. Binomial logistic regression models for the association between frailty and the lack of 
dental attendance over the last year. 
 
Variable (ref) Model 1 OR 

[95% CI] 
Model 2 OR 
[95% CI] 

Model 3 OR 
[95% CI] 

Model 4 OR 
[95% CI] 

Model 5 OR 
[95% CI] 

Overall frailty (low) 1 1 1 1 1 
   Medium 1.74 [1.33; 

2.29] *** 
1.66 [1.26; 
2.20] *** 

1.46 [1.09; 
1.95] * 

1.47 [1.10; 
2.00] ** 

1.46 [1.09; 
1.95] * 

   High 2.54 [1.85; 
3.49] *** 

2.24 [1.61; 
3.13] *** 

1.72 [1.20; 
2.47] ** 

1.71 [1.19; 
2.46] ** 

1.67 [1.15; 
2.43] ** 

Age (60-69 years)  1 1 1 1 
   70-79 years  1.55 [1.18; 

2.04] ** 
1.50 [1.12; 
2.00] ** 

1.50 [1.12; 
2.00] ** 

1.50 [1.12; 
2.00] ** 

   80+ years  2.56 [1.87; 
3.50] *** 

2.18 [1.55; 
3.05] *** 

2.11 [1.51; 
2.97] *** 

2.10 [1.50; 
2.95] *** 

Gender (Female)   1 1 1 
   Male  1.54 [1.21; 

1.97] *** 
1.82 [1.41; 
2.38] *** 

1.88 [1.44; 
2.45]*** 

1.86 [1.43; 
2.43] *** 

Education ( Higher 
education) 

  1 1 1 

   Higher secondary 
education 

  1.52 [1.07; 
2.18] * 

1.55 [1.08; 
2.22] * 

1.55 [1.08; 
2.22] * 

   Lower secondary 
education 

  2.24 [1.51; 
3.31] *** 

2.31 [1.56; 
3.41] *** 

2.30 [1.56; 
3.41] *** 

    no/primary 
education 

  2.79 [1.85; 
4.21] *** 

2.90 [1.92; 
4.39] *** 

2.89 [1.91; 
4.37] *** 

Household income (≥ 
2000€) 

  1 1 1 

   1500€ – 1999€   1.34 [0.90; 
2.00] 

1.26 [0.84; 
1.90] 

1.26 [0.83; 
1.89] 

   1000€ – 1499€   1.49 [1.05; 
2.13] ** 

1.31 [0.88; 
1.96] 

1.31 [0.88; 
1.95] 

   < 999€   3.09 [1.66; 
5.72] *** 

2.82 [1.51; 
5.27] *** 

2.79 [1.50; 
5.19] *** 

Partner (Yes)    1 1 
   No    1.23 [0.92; 

1.66] 
1.23 [0.91; 
1.66]  

Self-perceived oral 
health problems (No) 

    1 

   Yes     1.11 [0.83; 
1.49] 

Model 1: Crude association between overall frailty and the dental attendance 
Model 2: Model 1 + Age and Gender 
Model 3: Model 2 + Socioeconomic position (education and household income) 
Model 4: Model 3 + family composition (having a partner or not) 
Model 5: Model 4 + self-perceived oral health 
 
*** p ≤ 0.001; ** 0.001 < p ≤ 0.01; * 0.01 < p ≤ 0.05 



 

  

Table 3. Binomial logistic regression models for the association between the different domains of 
frailty and the lack of dental attendance over the last year (n=1329) 
 
Variable (ref) Model 1 OR 

[95% CI] 
Model 2 OR 
[95% CI] 

Model 3 OR 
[95% CI] 

Model 4 OR 
[95% CI] 

Model 5 OR 
[95% CI] 

Physical frailty (low)  1 1 1 1 1 
   Medium 1.78 [1.34; 

2.35] *** 
1.58 [1.18; 
2.13] ** 

1.41 [1.04; 
1.92] * 

1.42 [1.05; 
1.92] * 

1.40 [1.03; 
1.91] * 

   High 2.37 [1.69; 
3.33] *** 

1.96 [1.37; 
2.81] *** 

1.62 [1.12; 
2.35] ** 

1.62 [1.12; 
2.34] ** 

1.58 [1.09; 
2.28] * 

Psychological frailty 
(low) 

1 1 1 1 1 

   Medium 1.42 [1.10; 
1.85] ** 

1.35 [1.03; 
1.77] * 

1.18 [0.89; 
1.57]  

1.17 [0.88; 
1.55]  

1.14 [0.86; 
1.52]  

   High 1.60 [1.06; 
2.41] * 

1.57 [1.02; 
2.41] * 

1.22 [0.80; 
1.85]  

1.20 [0.79; 
1.83]  

1.17 [0.77; 
1.79]  

Social frailty (low) 1 1 1 1 1 
   Medium 1.15 [0.86; 

1.53]  
1.15 [0.86; 
1.53]  

1.09 [0.80; 
1.49]  

1.07 [0.79; 
1.47]  

1.06 [0.78; 
1.45]  

   High 1.26 [0.90; 
1.77]  

1.20 [0.85; 
1.70]  

1.19 [0.82; 
1.71]  

1.17 [0.81; 
1.69]  

1.15 [0.80; 
1.66]  

Environmental 
frailty (low) 

1 1 1 1 1 

   Medium 1.05 [0.80; 
1.38]  

1.10 [0.83; 
1.47]  

1.07 [0.80; 
1.43]  

1.07 [0.80; 
1.44]  

1.06 [0.80; 
1.42]  

   High 1.80 [1.32; 
2.45] *** 

1.91 [1.39; 
2.62] *** 

1.47 [1.03; 
2.08] * 

1.48 [1.05; 
2.10] * 

1.46 [1.03; 
2.08] * 

Model 1: Crude association between the respective domain of frailty and the dental attendance 
Model 2: Model 1 + Age and Sex 
Model 3: Model 2 + Socioeconomic position (education and household income) 
Model 4: Model 3 + family composition (having a partner or not) 
Model 5: Model 4 + self-perceived oral health 
 
*** p ≤ 0.001; ** 0.001 < p ≤ 0.01; * 0.01 < p ≤ 0.05 



 

 

Binomial logistic regression models for the association between frailty and the lack of dental 
attendance over the last year (complete case analysis). 
 
Variable (ref) Model 1 OR 

[95% CI] 
Model 2 OR 
[95% CI] 

Model 3 OR 
[95% CI] 

Model 4 OR 
[95% CI] 

Model 5 OR 
[95% CI] 

Overall frailty (low) 1 1 1 1 1 
   Medium 1.68 [1.25; 

2.27] *** 
1.61 [1.18; 
2.20] ** 

1.47 [1.04; 
2.10] * 

1.47 [1.03; 
2.10] ** 

1.49 [1.04; 
2.13] * 

   High 2.31 [1.64; 
3.25] *** 

1.91 [1.32; 
2.75] *** 

1.67 [1.09; 
2.57] * 

1.67 [1.09; 
2.57] ** 

1.73 [1.11; 
2.70] * 

Age (60-69 years)  1 1 1 1 
   70-79 years  1.65 [1.20; 

2.26] ** 
1.79 [1.26; 
2.55] *** 

1.82 [1.28; 
2.60] *** 

1.74 [1.22; 
2.49] ** 

   80+ years  3.26 [2.30; 
4.63] *** 

2.40 [1.61; 
3.57] *** 

2.36 [1.58; 
3.54] *** 

2.32 [1.54; 
3.50] *** 

Gender (Female)   1 1 1 
   Male  1.60 [1.21; 

2.10] *** 
1.82 [1.33; 
2.49] *** 

1.86 [1.35; 
2.55]*** 

1.98 [1.43; 
2.74] *** 

Education ( Higher 
education) 

  1 1 1 

   Higher secondary 
education 

  1.82 [1.20; 
2.78] ** 

1.87 [1.23; 
2.86] ** 

1.96 [1.27; 
3.02] ** 

   Lower secondary 
education 

  2.67 [1.71; 
4.15] *** 

2.72 [1.73; 
4.26] *** 

2.86 [1.81; 
4.52] *** 

    no/primary 
education 

  2.77 [1.69; 
4.55] *** 

2.96 [1.79; 
4.92] *** 

3.00 [1.80; 
5.02] *** 

Household income (≥ 
2000€) 

  1 1 1 

   1500€ – 1999€   1.24 [0.83; 
1.86] 

1.13 [0.74; 
1.74] 

1.08 [0.70; 
1.67] 

   1000€ – 1499€   1.46 [0.99; 
2.15]  

1.19 [0.75; 
1.89] 

1.16 [0.73; 
1.86] 

   < 999€   3.97 [1.74; 
9.02] *** 

3.38 [1.46; 
7.85] ** 

3.29 [1.41; 
7.67] ** 

Partner (Yes)    1 1 
   No    1.42 [0.97; 

2.08] 
1.42 [0.96; 
2.10]  

Self-perceived oral 
health problems (No) 

    1 

   Yes     1.17 [0.81; 
1.68] 

Model 1: Crude association between overall frailty and the dental attendance 
Model 2: Model 1 + Age and Gender 
Model 3: Model 2 + Socioeconomic position (education and household income) 
Model 4: Model 3 + family composition (having a partner or not) 
Model 5: Model 4 + self-perceived oral health 
 
*** p ≤ 0.001; ** 0.001 < p ≤ 0.01; * 0.01 < p ≤ 0.05 


