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A B S T R A C T

This literature review examines the need to develop appropriate policies specific to the oral

health needs of older people that are individualised, cost-effective, and sustainable. Poor

oral health and impaired oral function negatively affect the health and quality of life of

older adults. Developing care systems that aim to meet patients’ normative needs as well

as their perceived needs and expectations is one factor in successful delivery of appropri-

ate dental care. Cost is another significant driver of utilisation, and many older adults

worldwide lack adequate resources for dental care. Failure to address these issues results

in poor outcomes and increased costs of dental and medical care. Disease prevention and

control at early stages can preserve public and private financial resources as well as quality

of life and well-being for older adults at any stage of life.

� 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license
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Introduction

Oral health is a critical but neglected component of healthy

ageing.1 The FDI World Dental Federation defines oral health

as “multi-faceted and includes the ability to speak, smile,

smell, taste, touch, chew, swallow and convey a range of

emotions through facial expressions with confidence and

without pain, discomfort and disease of the craniofacial com-

plex (head, face, and oral cavity).”2 Oral problems such as

missing teeth, dental decay, mobile teeth, denture problems,

oral lesions, and xerostomia may cause pain and discomfort;

impair chewing, speaking, swallowing, smiling, and commu-

nicating; and diminish quality of life. A growing body of evi-

dence has shown numerous associations, some of them

bidirectional, between oral and systemic diseases that are

prevalent in older adults such as diabetes, cardiovascular dis-

ease, dementia, and respiratory diseases.1,2

Ideally at any age, oral diseases are prevented or

treated at an early stage, but this becomes more critical as

dependency increases due to either systemic illness or

very advanced age. These individuals may be less able to

tolerate or benefit from even routine dental care, and dis-

crepancies can arise amongst dentist, other health care

providers, and patient perceptions and expectations for
treatment as needs become more complex and patients

become frail and dependent.3

Oral health is a person’s right, but it often presents a hid-

den problem. And just as provider and patient points of view

may differ chairside, they may also differ around the kind of

research and policies that are needed to improve experiences

and outcomes of care. Therefore, older adults themselves

should be active participants when policy and resources for

oral health care are established. Information about the oral-

systemic connection, the oral health needs and demands of

older adults, and the costs and neglect of care should be

shared broadly as policy is set. There is also evidence for

increased expenditures associated with tooth loss and medi-

cal management as a result of acute dental disease that arises

from neglect of oral health. Unmet oral health needs in older

adults are a problem worldwide, and models and policies that

have effectively moved the needle forward to maintain or

improve oral health as an element of healthy ageing should

be sought out and shared. Whilst each country will have

unique challenges and opportunities, sharing lessons learned

and strategies to reduce disparities to improve outcomes of

care and integrate oral health care in health care systems will

be required to reap the benefits of good oral health on total

health and well-being over a lifetime. This literature review

examines the need for countries to develop appropriate poli-

cies that support individualised, cost-effective, sustainable

care that is appropriate to meet the unique oral health needs

of older adults.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.identj.2022.06.014&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
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The oral systemic connection in older adults

There is increasing evidence of an association between oral

and general health in older people, mediated through com-

mon risk factors including nutrition, systemic inflammation,

infection, and psychosocial factors, but causal links are still

under investigation.4−9 A confirmed bidirectional association

exists between periodontal disease and diabetes mellitus.

Poor control of diabetes results in increased severity of peri-

odontal disease, whilst periodontitis is associated with ele-

vated risk of dysglycaemia and insulin resistance in patients

with diabetes as well as increased incidence of diabetes.10

Therefore, it is recommended that physicians consider the

risk of periodontal disease in patients with diabetes and refer

them to a dentist for evaluation and treatment. And dentists

may consider the possibility that patients with periodontal

disease could have undiagnosed diabetes and refer accord-

ingly as well as monitor disease control in patients with

known diabetes, whether or not they have periodontal dis-

ease.10 There is still lack of evidence on whether poorly con-

trolled diabetes mellitus can significantly reduce clinical

nonsurgical periodontal treatment outcomes.11 Moreover,

some studies have shown that periodontal treatment may

reduce the haemoglobin A1c levels within a few months,12

whilst others did not find any association between the treat-

ment of periodontitis and the management of diabetes.13

Many studies have also shown an association between peri-

odontal disease and cardiovascular disease.7,8,14−16 Periodontal

treatment may benefit some biochemical parameters associ-

ated with cardiovascular risk,17 but more studies are necessary

to clarify its effect on the prevention and progress of cardiovas-

cular disease in patients with chronic periodontitis.5,14

There is also increasing evidence of an association

between aspiration pneumonia and poor oral health amongst

frail older people, including the presence of periodontal

pathogens, dental and denture plaque, and denture wearing

at night.18 In a prospective study amongst community-dwell-

ing older old people in Japan, perceived swallowing difficul-

ties and denture wearing during sleep were associated with a

2.3-fold higher risk of pneumonia.4 Oral hygiene and

improvement of oral function may help in the prevention of

aspiration pneumonia in hospitalised or institutionalised

older patients, but more research is necessary on this topic as

well as on the most effective preventive practices.19 Based on

randomised controlled trials, oral care interventions to

reduce biofilm, when provided by dental professionals, can

reduce mortality from nosocomial-associated pneumonia in

frail older adults in hospitals or nursing homes.20 A European

consensus from dentists and physicians on oral care in care-

dependent older people suggested that dentures should be

always removed at night, cleaned with a denture brush,

immersed in a cleansing tablet solution, and stored dry over-

night to reduce the risk of systemic infections.21

Various systematic conditions may deteriorate oral health,

whilst poor oral health may negatively affect general health

status in older adults. The association between oral health

and frailty specifically is also currently under investigation.

Frailty is associated with increased vulnerability related to

ageing in which the homeostatic balance is disrupted, result-

ing in an increased risk of adverse health-related outcomes
even after exposure to a minor stressor.22 Various oral health

indicators including number of teeth, chewing performance,

oral diadochokinesis, tongue pressure, swallowing disorders,

and dry mouth have been investigated in association with

physical frailty, but the evidence is scarce and there is a need

for a consensus on the definitions and the methodologies

applied.23−25

Tooth loss and increased tooth mobility have been associ-

ated with poor masticatory performance in older people.26−28

Poor masticatory performance has been one of the most

important predictors of poor adherence to the Mediterranean

Diet, known to reduce morbidity and mortality amongst older

community-dwelling people.29−31 However, the effect of poor

oral health on food selection and nutritional intake is still

under investigation due to the large variety of factors affect-

ing nutrition in older people.32−34

There is currently no consensus on the association between

periodontal disease and oral health−related quality of life

(OHRQoL).35 OHRQoL is defined as “a multidimensional con-

struct that reflects (amongst other things) people’s comfort

when eating, sleeping and engaging in social interaction; their

self-esteem; and their satisfaction with respect to their oral

health.”36 Efficient functioning, freedom frompain and discom-

fort, satisfaction with orofacial aesthetics, and maintaining

self-esteem and social interaction are different dimensions of

OHRQoL. Two systematic reviews in adult populations have

shown that periodontal disease may affect OHRQoL.37,38 Severe

periodontal disease negatively impacts function and aes-

thetics, whilst gingivitis negatively impacts comfort and can

cause pain.38 However, a UK study of 1277 older people did not

reveal any association between OHRQoL and periodontal dis-

ease, in contrast to the significant effects of active caries, dental

pain, and wearing dentures.39 Other studies did not reveal an

association between caries and OHRQoL.35 Oral dryness is also

associated with impairment in OHRQoL and particularly with

functional limitations and psychological disability35,40 as well

as pain and chewing problems.35

The large variety of the QoL dimensions explains the

unique, personalised experience of health problems and the

discrepancy between perceived and normative needs for oral

care that is often recorded amongst older people. For exam-

ple, older persons usually report better subjective oral health

compared to younger people, despite the higher burden of

oral disease, a phenomenon associated with various cohort

and psychosocial characteristics.41 In old age, apart from oral

health, various other factors affect OHRQoL such as general

health, personal traits, and demographic, social, and environ-

mental factors.42 Therefore, the effect of oral health on the

QoL is not only population-specific but also highly individual-

ised. That is why the effect of tooth loss on restrictions in

social activities varies in different cultures and appears to be

age-dependent, pointing to the need for individualised dental

care approaches.9

Appropriate resources for preventive and restorative care for
older adults can reduce the need for more complex oral health
care in frail individuals

Frail individuals are less able to handle stressors. Even minor

dental procedures can present a challenge, and at the same
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time poor or declining oral health can exacerbate systemic

decline in these older adults. Providing dental care in earlier

stages of dependency—when patients are first diagnosed

with diseases or prescribed medications that have the poten-

tial to impact their oral health—will mean that if or when

they enter stages of greater dependency, they would do so in

good oral health. Preventive plans should then be revised to

address any new risk factors associated with changes in

physical or cognitive status as they arise. For individuals who

are frail or dependent on others for basic daily activities of liv-

ing, such as bathing, dressing, and eating, and/or require

extensive medical care and management as a result of dis-

ease or dependence, the goals of care would ideally shift to a

more preventive and palliative approach.2,3,43 Ideally, individ-

uals with a high level of dependency or frailty, or those at the

end of life, would reach this stage with good oral health so

that the focus can be solely on prevention and comfort. Meas-

ures such as salivary substitutes or more frequent prophy-

laxis and higher fluoride intake to provide relief of discomfort

and increase protection from oral disease and pathology

should be a standard during this time with heightened risk.

This treatment philosophy has been established though an

evidence-based approach to the goals of care for older adults

based on dependency rather than age, as described in the

Seattle Care Pathway (SCP).2,3,43

SCP and the Lucerne Pathway43 delineate what kind of

assessment, prevention, treatment, and communication are

required to develop treatment plans for older adults through

all levels of dependency. At each stage, the risks to oral health

are considered as well as the challenges to providing dental

care in the presence of systemic diseases. However, many

older adults have limited resources for oral health care, chal-

lenges accessing care, and perceptions of need that are differ-

ent from their actual needs.6,43,44 Their resources may be

further strained by the costs and time spent managing their

systemic diseases. Additionally, some providers may lack

confidence or training to appropriately treat a frail older adult

with a complex health history or to work effectively with an

interprofessional team.3,44−46

Whether intensive preventive and comfort measures are

needed or more invasive or definitive care is indicated, dental

providers must clearly communicate with the rest of the

interdisciplinary team caring for these frail and highly or

moderately dependent individuals.2,3,47 The health care team

must understand which elements of their patient’s health

status present a risk to their oral health, such as an inability

of the patient to complete oral hygiene due to a physical or

cognitive issue; oral side effects of medications such as gingi-

val enlargement or xerostomia; Candida infections associated

with poor denture hygiene; or an inability of the patient to

identify or report a problem.2,3,43,48 Caregivers must under-

stand the importance of a daily oral hygiene plan and their

role in that element of care.3,44 Further, for patients who are

unable to express a complaint, other health care providers

and caregivers must know signs and symptoms to look for

that may indicate a problem, such as refusing food or oral

hygiene or changes in behaviour.43,48 Since these individuals

may not be able to get to a dentist regularly or at all, the avail-

ability of mobile or teledentistry to assess frail adults at home

or in places that they frequent is critical. Better utilisation of
the interprofessional team to deliver frequent and timely

care is also key to improving access and outcomes and avoid-

ing the need for extensive dental care in the most vulnerable

older adults whilst still maintaining oral health and quality of

life.3,43−45

Many times there is the added challenge of the perception

that pain is the primary reason to proceed with dental care,

but pain may not be the primary presentation of disease in an

older adult, even in the presence of frank disease such as

extensive caries or teeth with excessive mobility.43,48 Older

adults may decline treatment themselves without a proper

understanding of the course of their disease if left untreated.

Surrogate decision-makers may also decline on a patient’s

behalf if they do not perceive the person to be in pain or dis-

comfort. Primary care providers may also fail to reinforce to

their patients the importance of seeking and receiving dental

care. Patient education, interprofessional education and col-

laboration, and public health campaigns to improve oral

health literacy are needed so that older adults and those who

care for them understand the importance of maintaining

their oral health as they age and that decline of oral health is

not a forgone conclusion.2,45−47

The reality for individuals struggling with access to care,

concomitant comorbidities that have compromised their abil-

ity to maintain their oral health, and a lack of awareness

about their oral health needs or the importance of prevention

and treatment is that many reach the most dependent stages

with extensive oral disease.1,2,45 What may have once been

routine care for a healthy older adult can come with more

risk as dependency increases. In the absence of treatment,

those chronic oral diseases can become acute conditions that

become more complicated, expensive, and risky to treat.

Where once a restoration or periodontal procedure may have

addressed the issue, antibiotics, pain relievers and extrac-

tions may become necessary.49 For those who are most frail

and least able to receive or access care, palliative care and a

perpetually increased risk of an acute condition from

untreated dental disease may be their only recourse.
Delivery of individualised dental care

Dental delivery systems for ageing and older populations

should address their specific needs and demands and pro-

mote OHRQoL. The 8020 National Health Promotion Pro-

gramme in Japan encourages citizens to keep 20 healthy

natural teeth into their 80s.50 An observational study has

shown that shortened dental arches can last for 27 years or

more.51 A 2-year follow-up randomised controlled trial in par-

tially dentate elders compared the effect of rehabilitation

either with shortened dental arches or removable partial den-

tures on OHRQoL and revealed that although both treatments

improved the OHRQoL, the improvements of the shortened

dental arch approach was maintained throughout the study

period, in contrast to the denture group in which the

improvements diminished after 6 months.52 However,

although shortened dental arches may offer adequate func-

tioning and patient satisfaction and can be considered as

cost-effective approaches, many dentists hesitate to offer

this as a treatment option.53
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An extensive evaluation of the patient’s beliefs and expect-

ations before treatment could help to improve treatment out-

comes. This is particularly important considering the

discrepancies between the dentist’s point of view and that of

patient in terms of expectations and post-treatment perceived

improvement.54 In completely edentulous patients, rehabilita-

tion with complete dentures may improve quality of life in the

long term and replacement of unsatisfactory dentures may

have a positive patient outcome.55 Rehabilitation with com-

plete maxillary dentures has been shown to improve patient

satisfaction that is mainly associated with esthetics and

speech,56 whilst more problems are anticipated with the man-

dibular denture associatedwith lower retention and functional

problems.50,57 The common problems associated with the con-

ventional mandibular dentures use may be addressed by reha-

bilitation with implant-supported mandibular overdentures

that lead to higher OHRQoL scores and patient satisfaction

compared to dentures relining even amongst frail older old

individuals.58 However, significant improvement in the objec-

tively recordedmasticatory performance using a 2-colourmix-

ing ability test has not been demonstrated.58 Whilst a 2015

systematic review amongst fully edentulous patients treated

with mandibular implant overdentures showed significant

improvements in satisfaction from their oral health, the effect

on general QoL was inconclusive.59

All studies on the effect of oral factors on quality of life

indicate that the patient’s opinion is important to deliver

individualised dental care and develop care systems that

meet their expressed needs. Apart from patient perceptions

and the high cost of dental care, particularly when not cov-

ered by insurance or public funds, accessing dental care is

another major barrier to care for many older adults. The spe-

cific challenges of ageing societies, combined with unpredict-

able outcomes of many current treatments and rising health

care costs, support the need for personalised dentistry based

on tailor-made prevention and treatment strategies that are

based on individual risk assessment.60

To improve dental utilisation, treatment outcomes, and

cost-effectiveness of dental care, collaborative research and

design of dental delivery systems is necessary to meet the

needs of older patients.61 Several methodological approaches

can be used to design patient-centred dental services, such as

priority setting partnerships; discrete choice experiments;

core outcome sets; and experience-based co-design that aim

build partnerships amongst professionals, various stakehold-

ers, and patients.61

Few studies based on this approach to oral care have been

conducted to identify the perceived need of older patients. A

priority-setting partnership experiment conducted in the UK

aimed to enable older people to prioritise research to improve

their oral health.62 Patients, caregivers, health care specialists,

and third-sector organisations such as care home staff were

invited to contribute. They identified 3 research priorities:

identify best practices in the prevention and treatment of oral

diseases for older people, identify the training needs for den-

tists, and understand the key issues for oral care from the

older patients’ point of view.62 A discrete choice experiment

conducted in community-dwelling older people in Switzerland

measured preferences for dental examinations and treatment

when they become care-dependent. The study showed that
amongst these subjects, there was a preference to be treated

by the family dentist in the dental office instead of receiving

domiciliary care. This finding revealed the need to develop

appropriate health policies in Switzerland to reduce barriers

for accessing dental care in patients’ preferred settings.63
Economic impact of oral health care for older
adults on total dental andmedical expenditure

Dental expenditure

Determining and comparing global dental expenditures and

utilisation across countries is difficult in general and in par-

ticular to hone down differences in older adults specifically.

This is due to amultitude of reasons including the complexity

of comparing monetary value across countries, varying

resources dedicated to or available for oral health care, differ-

ing economies, and variable methods of managing oral dis-

ease from more conservative preventive approaches

achieved primarily through public health measures or pre-

ventive measures offered ahead of more extensive surgical

and restorative approaches.64 Many times, these approaches

are driven by reimbursement issues as well as cultural and

societal norms or other social determinants of health. Ring-

holt et al examined the global, regional, and country costs of

all dental disease in 2010 and again in 2015 using data avail-

able from 73 countries and cost estimates for another 122

countries. Despite inherent limitations in data sources, they

estimated that in 2015 $356.80 billion US dollars was spent on

direct dental treatment worldwide and $187.61 billion was

consumed by losses in productivity due to oral diseases, total-

ing $544.41 billion expended for oral health care. They deter-

mined expenditures on oral health care to account for 4.6% of

total expenditures on health globally. Increases in these

expenditures appear to be equivalent to increases in other

health care expenditures since 2010, but there appears not to

have been growth in the percentage of dental costs within

total costs from 2010 to 2015.64

An estimated 3.5 billion people suffer with untreated oral

diseases.65 It is unknown how much of this can be attributed

to older adults specifically; however, individuals 65 and older

currently compose 10% of the global population and more

than 20% of the population in 17 countries. By 2050, the older

adult population is anticipated to grow to 16%, or 1 in 6 peo-

ple, worldwide. At the age of 65, life expectancy is expected to

rise from about 82 to 84 years by 2050.66 The 2015 Global Bur-

den of Disease Study identified conditions found in high prev-

alence amongst older adults to be common across the world.

Untreated caries in permanent teeth are the most prevalent

oral disease worldwide, experienced by 2.5 billion people.

Severe periodontal disease affects 538 million people, and

more than a quarter billion people were determined to be

edentulous.67 The worldwide average dental expenditure per

capita was $49 in US dollars. The 5 countries with the highest

expenditures on direct dental care in 2015 were Iceland

(US$458), Germany (US$417), Norway (US$381), Australia

(US$378), and the United States (US$370).64

High-income countries have demonstrated significantly

greater economic burdens of dental diseases. This is
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potentially due to a longer life expectancy with common risk

factors for systemic and oral diseases, increases in retained

dentition, and possibly greater access to more expensive pro-

cedures and different expectations for care. Interestingly, Lux-

embourg and Switzerland, which had the highest GDPs, had

lower expenditures than those countries listed above with the

highest expenditures; usually those countries with the highest

GDP also have the greatest expenditures.64 There can be many

reasons for this. As one example, the average cost of an emer-

gency department visit for a nontraumatic dental emergency

in the United States is US$900 and usually results in only palli-

ative care until definitive care can be provided elsewhere.49

In the United States, a 2016 survey showed more than a

third of adults aged older than 65 continued to work,68 so the

potential for increased spending amongst those who may

have some additional income or insurance benefits as a result

of working as well as the potential for losses due to missed

work as a result of untreated oral diseases should also be con-

sidered in examining the impact of older adults on dental

expenditures. There are many reasons people chose to work

past retirement, some of which include a financial need to do

so, likely precluding available funds for routine dental care.

Others may wish to continue working, but a lack of dentition

or obviously poor dentition may present a challenge to secur-

ing some types of employment.45

Severe tooth loss accounted for 67% of losses in productiv-

ity, 21% due to severe periodontitis and 11% to untreated car-

ies worldwide. The 5 countries with the highest productivity

losses were the United States (US$45.90 billion), followed dis-

tantly by Japan (US$16.57 billion), China (US$16.15 billion),
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Germany (US$14.07 billion), and the United Kingdom (US$8.38

billion). Worldwide average productivity loss per capita due

to untreated caries, severe periodontitis, and severe tooth

loss (ie, fewer than 9 remaining teeth) combined was

US$25.82. The highest per-person costs due to lost productiv-

ity were in Switzerland (US$339), Norway (US$278), the Neth-

erlands (US$209), Austria (US$193), Luxembourg (US$184),

and Denmark (US$182).64,69

Jevdjevic et al developed models for future forecasting of

expenditures and forecasted total dental expenditures of the

32 Organisation for Economic Cooperation and Development

(OECD) countries to rise from US$316 billion in 2020 to US$434

billion in 2030 and US$594 billion in 2040.69 Forecasts were

based on percent of GDP not including losses in productivity,

as were the Ringholt analysis.64,69 Of the countries included in

the modeling, per capita spending in 2040 was forecasted to be

highest in Germany at US$889, followed by the United States

at US$729, Switzerland at US$684, Canada at US$563, and Den-

mark at US$550, and lowest in Mexico at US$52 per capita.69

See Figure 1 for sample projected spending in 2040 per capita

by country.

The impact on dental expenditures and lost productivity

from older adults working past retirement may be insignifi-

cant in countries such as Spain and France, where only an

estimated of 5% to 6% of retirement-age adults continue to

work and there are provisions for oral health care in their

health care systems.68 The impact could be more significant

in countries where a larger percentage continue to work and

guaranteed dental benefits are lacking, such as in the United

States.
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More information about the economic impacts of unmet

dental needs in adults 65 years and older on individual out-

of-pocket and private insurance spending, the costs to public

health for those without means, and the loss of productivity

in the workplace for those who continue to work are needed

to help shape policy and programmes that reduce total

expenditures for oral health care by addressing those unmet

needs. Understanding and predicting the costs of dental care

across populations to identify and create opportunities to

increase access, improve outcomes of care, and reduce cost

should also reduce the pain, suffering, and embarrassment

that can occur when these diseases—which are largely pre-

ventable—go untreated.1

For many around the world, the cost and lack of dental

insurance are the primary barriers to dental care, and for

many in low- and middle- income countries, paying for den-

tal care may push them into poverty.45,70,71 Increased expen-

ditures in preventive and basic restorative care that is better

integrated with health care systems could improve outcomes

of care and reduce dental expenditures overall.45,72,73 Policy-

makers need current and accurate data about the oral health

needs of older adults and clarity around their financial needs

in order to anticipate future expenditures whilst improving

access, prevention, and systems of care to reduce the finan-

cial impact of untreated and acute oral diseases on individu-

als and communities.

Medical expenditure

Increased morbidity, mortality, and medical expenditures

have been specifically associated with tooth loss. Studies

have reported better health outcomes and reduced cost when

oral health care is provided and further when it is integral to

the rest of the health care system. Management of unmet

dental needs in emergency and acute care medical settings

has also been shown to be significant driver of cost when

individuals lack resources for routine care.45

A preponderance of evidence indicating a relationship

between oral and general health has accumulated globally. At

the same time, population aging is increasing the financial

burden of universal health coverage in countries attempting

to provide it. Clarifying the effect of oral health on medical

expenditures requires the preventive effects of oral health

care to be quantified with respect to systemic health out-

comes. Policymakers are likely to direct more resources

towards preventive efforts, resulting in actual and long-term

reduction of medical expenditures if the systemic health ben-

efits of dental care and oral health maintenance become

clearer. Because preventive dental and oral care is less expen-

sive than treatment of systemic diseases such as noncommu-

nicable diseases (NCDs), which are strongly associated with

poor oral health45 and geriatric syndrome, this shift would be

financially advantageous.

There has not yet been extensive research on the effect of

oral health on medical expenditures, but recently a number of

researchers have investigated this relationship using the follow-

ing methods: (1) analysing medical and dental expenditure data

obtained from the national government74−77 and insurers78,79;

(2) tracking the medical expenditure data of patients (obtained

from insurers) after dental examinations80−83; and (3) collecting
medical expense receipts from patients after dental examina-

tions.84 In these studies, oral health has been assessed via num-

ber of teeth,74,76,77,82,83 periodontal disease,81,83 subjective oral

health status,84 or frequency of dental care procedures such as

scaling and dental maintenance.75,77,78 In some studies, total

medical expenditure is calculated,74,81,84 whilst in other studies

only the expenditures for certain diseases such as such as diabe-

tes,76,78−80 heart disease,74,78,79 cerebrovascular disease,78,79,82

and dementia77,83 are reported. For example, Tsuneishi et al con-

ducted a cross-sectional study of patients aged 50 to 79 years

using Japan’s National Database of Health Insurance Claim

Information and Specified Medical Checkups.74 The samples

were 327,689; 610,087; and 654,410 eligible patients in their 50s,

60s, and 70s, respectively. To describe associations between

number of teeth (independent variable) and medical expendi-

ture (primary outcome) whilst controlling for sex, they also con-

structed generalised linear models with a gamma distribution

and log-link function by using maximum likelihood estimation.

The models, which were conducted by age group, showed that

medical expenditure increased by 2.4% per each tooth lost in

patients in their 50s (multiplicative effect, 0.98; 95% confidence

interval [CI], 0.97−0.98). The association was also found in

patients in their 60s (multiplicative effect, 0.98; 95% CI, 0.98

−0.99) and in those in their 70s (multiplicative effect, 0.99; 95%

CI, 0.99−0.99).74

In order to analyse the effects of periodontal therapy on

medical costs amongst individuals diagnosed with type 2 dia-

betes (T2D), coronary artery disease (CAD), and cerebral vas-

cular disease (CVD), Jeffcoat et al used insurance claim data

from 338,891 individuals with both medical and dental insur-

ance coverage.79 Patients were categorised according to

whether they had completed treatment for periodontal dis-

ease in the baseline year. The outcome variable was total

approved medical costs per subscriber per year. Statistically

significant reductions in expenses (P < 0.05) were found in

patients who had completed periodontal disease treatment

amongst patients with T2D, CVD, or CAD, for which costs

were reduced by 40.2%, 40.9%, and 10.7%, respectively.87 Fur-

ther accumulation of evidence in this area is warranted; how-

ever, the results of these studies provide compelling evidence

that preventive dental care is an efficient use of financial

resources, and they provide strong justification for covering

preventive dental care under public health insurance

systems.79

Policies and strategies to improve access to dental care for
older adults

The resources and attitudes towards oral health care for older

adults varies from country to country, and the degree to

which older adults have resources to support oral health is

variable. Many countries are actively engaged in research to

better understand the needs of their older citizens and the

barriers to achieving and maintaining good oral health. They

are exploring and developing novel approaches to improve

oral health status along with overall health and well-being.

Common themes are inadequate knowledge about the impor-

tance of oral health as people age, lacking financial resources

for oral health care, poor integration with medical care, and

the importance of interprofessional care. To illustrate the
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variability across the world, 3 case studies are presented here

that describe the availability of resources and policies around

oral health and older adults. There may be lessons learned

from each that providers, health care systems, and policy-

makers could draw from to improve access and outcomes in

their own countries.
Case study 1: USA—access to public and private dental
benefits for older adults45, 85−87

The Centers for Medicare and Medicaid Services (CMS)

administers federal health care coverage. Americans aged 65

and older may receive benefits through Medicare, Medicaid,

and PACE (Program of All Inclusive Care for Elders). Hospital

and medical benefits are provided through Medicare for all

Americans at age 65. When Medicare was enacted in 1965,

dental care was expressly excluded from the benefits: “where

such expenses are for services in connection with the care,

treatment, filling, removal, or replacement of teeth or struc-

tures directly supporting teeth” (Section 1862 (a)(12) of the

Social Security Act). The only exceptions are when hospital-

isation is required to complete the dental treatment or for

dental extractions in preparation for radiation therapy and

inpatient oral exams prior to kidney transplant or in a Rural/

Federally Qualified Health Center prior to heart valve replace-

ment. Enrollees may choose to enroll in Medicare Advantage,

which may offer a dental benefit at an additional cost. Nearly

half of all Medicare enrollees do not have dental insurance

and most pay some or all dental expenses out of pocket. See

Figure 2. Medicaid eligibility is based on income, and individ-

ual states determine benefits. Individuals or families whose

income is less than 100% of the federal poverty level (FPL)

qualify for Medicaid, and many states have expanded cover-

age to those with income 138% of the FPL. In 2020, this was an

annual income of $12,880 for one person and $17,420 for a
Fig. 2 –Access to dental bene
family of two. Most PACE participants are dually eligible for

Medicare and Medicaid. They must be 55 and older, eligible

for skilled nursing care but able to live in the community with

PACE support, and live in a defined service area. PACE pro-

grammes provide medically necessary oral health care as

determined by a PAC E interdisciplinary team.

The National Institute of Dental and Craniofacial

Research at the National Institutes of Health recently pub-

lished Oral Health in America: Advances and Challenges. The

state of oral health and oral health care for older Ameri-

cans was specifically examined over the last 20 years to

identify areas of progress, areas that require more work,

and those that hold promise in Section 3: Oral Health

Across the Lifespan: Older Adults.45 The following call to

action resulted from the review: “A policy that mandates

dental coverage in Medicare would reduce health inequi-

ties for older adults by assuring access to preventive and

other oral health services for all, including those who are

place bound or in need of caregiver assistance.” The most

recent legislative efforts to realise a dental benefit in

Medicare were not successful, but a growing and diverse

body of advocates continue to pursue such legislation and

one survey found that 93% of older respondents supported

the addition of a benefit. Inclusion of a universal dental

benefit in Medicare for all enrollees would raise awareness

of the importance of oral health to general health and

pave the way for meaningful integration of dental and

medical care to improve the health and well-being of older

adults in the United States.45
Case study 2: Europe—recommendations for oral health
promotion in older adults

Financing oral health care in Europe differs amongst different

countries, but in most cases direct patient payments are
fits for older Americans.
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more common than in general health care. Oral care may be

financed by national social security systems or health serv-

ices, state-recognised or compulsory health insurance, volun-

tary private insurances, and out-of-pocket expenses.88 In

many countries, children and patients who are unemployed,

disabled, older, medically compromised, or low-income may

receive some form of free dental services in public clinics.

Based on the close association between oral and general

health and the multiple barriers in oral health promotion met

in older age, the European College of Gerodontology (ECG) and

the European Geriatric Medicine Society (EuGMS) have pub-

lished European Policy Recommendations on oral health pro-

motion in older adults. These recommendations include

educational interventions for dental and nondental health

care providers, development of appropriate oral health poli-

cies, and citizens’ empowerment and involvement.47 Geriatric

oral health education amongst dental44,89−92 and nondental

health care professionals47,93 should be included at all educa-

tional levels, including undergraduate, postgraduate/specialty,

and continuing education, and be based on specific learning

objectives as described in the recommendations. Emphasis

should be placed on interprofessional collaborative education

and practice as a prerequisite for high-quality geriatric

care.46,94−96 Oral health literacy should be promoted not only

for self-care but also for those who are dependent.49

In terms of health policies, the EGG/EuGMS recommenda-

tions stress the need to integrate oral health assessment into

comprehensive geriatric assessment, preventive oral care

into routine medical care, and oral health promotion into

general health campaigns.47 Dental care is expensive and

cannot be covered by private funding for the majority of the

(older) population, so it is imperative to integrate at least

basic oral care into general health care coverage

schemes.47,73 Other specific issues highlighted in the recom-

mendations are ensuring access to domiciliary care, promot-

ing research on effective oral health interventions in

communities and institutions, and encouraging companies to

develop oral care products aligned with the needs of older

adults.47

Specific protocols for oral health prevention and promo-

tion in institutional care have been recommended, such as

the following: incorporate oral health assessment upon entry;

provide regular oral screenings using validated tools; ensure

access to emergency and routine oral health care; ensure effi-

cient daily oral hygiene either by prompting residents to self-

care or by staff-performed practices; ensure availability of

daily oral care products; and provide a healthy diet that pro-

tects oral health.47 To ensure collaboration of staff and qual-

ity of care, consistent training in oral care practices is

necessary.47,97,98

Case study 3: Japan—Dental and Oral Health Promotion Act

Japanese health policy began placing markedly greater

emphasis on oral health in 2011, when the Dental and Oral

Health Promotion Act was established.99 Article 1 of this act

included the statement, “oral health plays an absolutely nec-

essary role in achieving individual health and well-being.”

Although the main role of dental professionals remains

the prevention and control of dental disease to prevent the
decline of oral function, recently implemented evidence-

based health policies have shifted towards seeing dental care

as an important contributing factor to general health, particu-

larly in areas such as NCD and frailty/dependency preven-

tion. This portends a meaningful expansion of the role of

dental clinics in the context of the larger health care system.

The following is a list of current and planned nationally

funded programmes that expressly prescribe the linking of

dental and oral health services with general medical

services.100

(1) Health Japan 21: The goal of Phase II of Health Japan 21,

Japan’s overarching health promotion policy (2013-2022),

is to improve health longevity and close the health gap.

Concrete goals include NCD prevention and control and

health maintenance of elderly people. The specific activi-

ties and behaviours targeted to achieve these goals include

maintenance of dental and oral health alongside exercise,

nutrition, smoking cessation, avoidance of alcohol abuse,

and rest.

(2) Cancer health policy: Cancer treatments such as surgery,

chemotherapy, and radiotherapy can cause serious side

effects such as pneumonia and stomatitis, and these side

effects can in some cases prevent further treatment. For

example, stomatitis can disturb food intake, leading to a

weakened physical condition. With an eye to preventing

unwanted side effects, it is now recommended that

patients with cancer undergo dental treatment by a den-

tist before beginning their cancer treatment. The dentist

must be certified in precancer dental care (using a nation-

ally issued textbook) This has been included in the govern-

ment-issued recommendations for cancer specialists

since 2013.

(3) Dementia policy: In the dementia policy paper called the

“New Orange Plan (2015−2025)” and also in the national

dementia policy outline established in 2019, it is clearly

stated that community-based dental care plays a role in

early diagnosis and prevention of cognitive decline and

dementia. In addition, the first-ever government-issued

set of dental care guidelines for older people with demen-

tia was published in 2019.

(4) Diabetes policy: Since 2016, the national policy for the

prevention and control of diabetic nephropathy (an

NCD) has included an oral health programme designed

to control periodontal disease and improve eating

behaviour. Medical clinical guidelines for the treatment

of diabetes include periodontal disease as a risk factor,

and dental clinical guidelines for the treatment of peri-

odontal disease include diabetes as a risk factor. It is

quite rare for medical clinical guidelines to include such

specific dental-related information. This illustrates just

how well accepted this association is in both the medi-

cal and dental communities. These guidelines have the

beneficial effect of promoting further cooperation

between dental and medical professionals and institu-

tions, particularly in community settings.
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(5) Prevention of frailty and reduction of dependence on long-

term care: The importance of frailty prevention was

explicitly stated in the national guidelines for elderly

health promotion. Prevention of oral functional decline

has been included as a key factor in frailty prevention in

this document since 2018. In addition, in 2016, dental clin-

ics began offering nationally funded dental checkups and

health guidance for elderly persons aged 75 and older.

This programme aims not only to prevent decline in oral

health and function but also to prevent frailty and reduce

dependence on long-term care.

(6) Prevention and control of metabolic syndrome: A national

system of specific health checkups and health guidance

for the prevention of metabolic syndrome, which targets

people older than 40 years, was implemented in April

2008. As part of this system, health education materials

designed to prevent metabolic syndrome (diabetes, obe-

sity, and heart disease), as well as related risk factors such

as periodontal disease and chewing function decline, have

been developed. This national system of specific health

checkups and specific health guidance is reviewed and

updated once every 5 years. In 2018, question items

regarding subjective chewing function were added

because a decline in chewing function is indicative of den-

tal disease and tooth loss.

The rapidly accumulating evidence showing the links

between oral health and general health signals the need for a

completely new framework of medical and dental collabora-

tion on practice and policy. The policies outlined above repre-

sent a clear and growing trend towards positioning dental

and oral health as an essential element in all relevant areas

of Japan’s health policy, including NCDs and frailty preven-

tion. This trend represents a significant step towards translat-

ing evidence into practice, and it calls for a large-scale shift

towards multisectorial and interprofessional cooperation.
Conclusions

Poor oral health has been shown to have strong associations

with other noncommunicable chronic diseases such as diabe-

tes, respiratory diseases, and dementia, which in turn can

increase the risk of oral disease and increase the need for oral

health care. Poor oral health and impaired oral function nega-

tively affect older patients’ quality of life and can exacerbate

systemic decline in frail older adults. Improved access and

appropriate resources for preventive and restorative care are

needed for well to frail older adults so that more complex cura-

tive or restorative care is not needed when individuals are

most frail. Delivering appropriate dental care also necessitates

incorporating the patients’ perspectives on what aspects of

oral health are important to them and developing care systems

that meet perceived, expressed, and normative needs.

Numerous studies have reported better health outcomes

and reduced costs of medical care when regular, preventive

oral health care is provided as a fundamental part of health

care. Management of unmet dental needs in emergency and
acute care medical settings has also been shown to be a sig-

nificant driver of cost in countries where older adults lack

resources for routine dental care. Policies and strategies that

support oral health literacy, integration of oral health care

with medical care, availability of resources to address inequi-

ties in access to care, and appropriate expenditures with

improved utilisation are needed worldwide. Oral disease pre-

vention and treatment at early stages of oral disease can sup-

port systemic health, preserve private and public resources,

and maintain quality of life and well-being for older adults at

every stage of life.
Conflict of interest

None disclosed.
Funding

This article is published as part of a supplement sponsored by

GC International AG and the Nakao Foundation.
R E F E R E N C E S
1. World Health Organization. World report on ageing and
health. Geneva, Switzerland: WHO Press; 2015.

2. FDI World Dental Federation, Oral Health for an Ageing Pop-
ulation: Roadmap for Healthy Aging, 2018. Available from:
http://www.fdiworlddental.org/sites/default/files/2020-11/
ohap-2018-roadmap_ageing.pdf. Accessed 27 April 2022.

3. Pretty IA, Ellwood RP, Lo EC, et al. The Seattle Care Pathway
for securing oral health in older patients. Gerodontology
2014;31((Suppl 1)):77–87. doi: 10.1111/ger.12098.

4. Linuma T, Arai Y, Abe Y, et al. Denture wearing during sleep
doubles the risk of pneumonia in the very elderly. J Dent Res
2015;94(3 Suppl):28S–36S. doi: 10.1177/0022034514552493.

5. Li C, Lv Z, Shi Z, et al. Periodontal therapy for the manage-
ment of cardiovascular disease in patients with chronic peri-
odontitis. Cochrane Database Syst Rev 2017;11:CD009197.

6. Kossioni AE, Hajto-Bryk J, Janssens B, et al. Practical guide-
lines for physicians in promoting oral health in frail older
adults. J Am Med Dir Assoc 2018;19(12):1039–46. doi: 10.1016/
j.jamda.2018.10.007.

7. Yang S, Zhao LS, Cai C, et al. Association between periodon-
titis and peripheral artery disease: a systematic review and
meta-analysis. BMC Cardiovasc Disord 2018;18(1):141. doi:
10.1186/s12872-018-0879-0.

8. Van der Putten G-J. The association between oral and general
health editor. In: Kossioni AE, editor. Gerodontology essen-
tials for health care professionals. Switzerland AG: Springer
Nature; 2020. p. 49–65.

9. Konstantopoulou K, Kossioni A. Mechanisms linking oral
health and frailty in older adults: a narrative review. Stoma
Edu J 2021;8(3):195–204.

10. Sanz M, Ceriello A, Buysschaert M, et al. Scientific evidence
on the links between periodontal diseases and diabetes: con-
sensus report and guidelines of the joint workshop on peri-
odontal diseases and diabetes by the International Diabetes
Federation and the European Federation of Periodontology. J
Clin Periodontol 2018;45(2):138–49. doi: 10.1111/jcpe.12808.

11. Hsu YT, Nair M, Angelov N, et al. Impact of diabetes on clinical
periodontal outcomes following non-surgical periodontal ther-
apy. J Clin Periodontol 2019;46(2):206–17. doi: 10.1111/jcpe.13044.

http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0001
http://www.fdiworlddental.org/sites/default/files/2020-11/ohap-2018-roadmap_ageing.pdf
http://www.fdiworlddental.org/sites/default/files/2020-11/ohap-2018-roadmap_ageing.pdf
https://doi.org/10.1111/ger.12098
https://doi.org/10.1177/0022034514552493
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0005
https://doi.org/10.1016/j.jamda.2018.10.007
https://doi.org/10.1016/j.jamda.2018.10.007
https://doi.org/10.1186/s12872-018-0879-0
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00126-5/sbref0009
https://doi.org/10.1111/jcpe.12808
https://doi.org/10.1111/jcpe.13044


S36 ch �av e z e t a l .
12. Madianos PN, Koromantzos PA. An update of the evidence
on the potential impact of periodontal therapy on diabetes
outcomes. J Clin Periodontol 2018;45:188e195.

13. Engebretson SP, Hyman LG, Michalowicz BS, et al. The effect
of nonsurgical periodontal therapy on hemoglobin A1c levels
in persons with type 2 diabetes and chronic periodontitis: a
randomized clinical trial. JAMA 2013;310(23):2523–32. doi:
10.1001/jama.2013.282431.

14. Lockhart PB, Bolger AF, Papapanou PN, et al. American Heart
Association Rheumatic Fever, Endocarditis, and Kawasaki
Disease Committee of the Council on Cardiovascular Disease
in the Young, Council on Epidemiology and Prevention,
Council on Peripheral Vascular Disease, and Council on Clin-
ical Cardiology. Periodontal disease and atherosclerotic vas-
cular disease: does the evidence support an independent
association? A scientific statement from the American Heart
Association. Circulation 2012;125:2520e2544.

15. Hansen GM, Egeberg A, Holmstrup P, et al. Relation of peri-
odontitis to risk of cardiovascular and all-cause mortality
(from a Danish nationwide cohort study). Am J Cardiol
2016;118(4):489–93. doi: 10.1016/j.amjcard.2016.05.036.

16. Furuta M, Fukai K, Aida J, et al. Periodontal status and self-
reported systemic health of periodontal patients regularly
visiting dental clinics in the 8020 Promotion Foundation
Study of Japanese Dental Patients. J Oral Sci 2019;61(2):238–
45. doi: 10.2334/josnusd.18-0128.

17. Roca-Millan E, Gonz�alez-Navarro B, Sabater-Recolons MM,
et al. Periodontal treatment on patients with cardiovascular
disease: systematic review and meta-analysis. Med Oral
Patol Oral Cir Bucal 2018;23(6):e681–90.

18. M€uller F. Oral hygiene reduces the mortality from aspiration
pneumonia in frail elders. J Dent Res 2015;94(3 Suppl):14S–
6S. doi: 10.1177/0022034514552494.

19. Tada A, Miura H. Prevention of aspiration pneumonia (AP)
with oral care. Arch Gerontol Geriatr 2012;55(1):16–21. doi:
10.1016/j.archger.2011.06.029.

20. Sj€ogren P, Wa
�
rdh I, Zimmerman M, et al. Oral care and mor-

tality in older adults with pneumonia in hospitals or nursing
homes: systematic review and meta-analysis. J Am Geriatr
Soc 2016;64(10):2109–15. doi: 10.1111/jgs.14260.

21. Charadram N, Maniewicz S, Maggi S, et al. Development of a
European consensus from dentists, dental hygienists and
physicians on a standard for oral health care in care-depen-
dent older people: an e-Delphi study. Gerodontology 2021;38
(1):41–56. doi: 10.1111/ger.12501.

22. Clegg A, Young J, Iliffe S, et al. Frailty in elderly people. Lancet
2013;381(9868):752–62. doi: 10.1016/S0140-6736(12)62167-9.

23. Tanaka T, Takahashi K, Hirano H, et al. Oral frailty as a risk
factor for physical frailty andmortality in community-dwell-
ing elderly. J Gerontol A Biol Sci Med Sci 2018;73(12):1661–7.
doi: 10.1093/gerona/glx225.

24. Hakeem FF, Bernab�e E, Sabbah W. Association between oral
health and frailty: a systematic review of longitudinal stud-
ies. Gerodontology 2019;36(3):205–15. doi: 10.1111/ger.12406.

25. Dibello V, Zupo R, Sardone R, et al. Oral frailty and its deter-
minants in older age: a systematic review. The Lancet
Healthy Longevity 2021;2:e507–20.

26. Schimmel M, Memedi K, Parga T, et al. Masticatory perfor-
mance and maximum bite and lip force depend on the type
of prosthesis. Int J Prosthodont 2017;30(6):565–72. doi:
10.11607/ijp.5289.

27. Barbe AG, Javadian S, Rott T, et al. Objective masticatory effi-
ciency and subjective quality of masticatory function among
patients with periodontal disease. J Clin Periodontol 2020;47
(11):1344–53. doi: 10.1111/jcpe.13364.

28. Bousiou A, Konstantopoulou K, Polychronopoulou A, et al.
Sociomedical and oral factors affecting masticatory
performance in an older population. Clin Oral Investig
2022;26(4):3477–86. doi: 10.1007/s00784-021-04316-6.

29. Trichopoulou A, Costacou T, Bamia C, et al. Adherence to a
Mediterranean diet and survival in a Greek population. N
Engl J Med 2003;348(26):2599–608. doi: 10.1056/
NEJMoa025039.

30. Psaltopoulou T, Sergentanis TN, Panagiotakos DB, et al. Med-
iterranean diet, stroke, cognitive impairment, and depres-
sion: a meta-analysis. Ann Neurol 2013;74(4):580–91. doi:
10.1002/ana.23944.

31. Bousiou A, Konstantopoulou K, Martimianaki G, et al. Oral
factors and adherence to Mediterranean diet in an older
Greek population. Aging Clin Exp Res 2021;33(12):3237–44.
doi: 10.1007/s40520-021-01861-8.

32. Kossioni AE. The association of poor oral health parameters
with malnutrition in older adults: a review considering the
potential implications for cognitive impairment. Nutrients
2018;10(11):1709. doi: 10.3390/nu10111709.

33. O’Keeffe M, Kelly M, O’Herlihy E, et al. Potentially modifiable
determinants of malnutrition in older adults: a systematic
review. Clin Nutr 2019;38(6):2477–98. doi: 10.1016/j.
clnu.2018.12.007.

34. Volkert D, Beck AM, Cederholm T, et al. ESPEN guideline on
clinical nutrition and hydration in geriatrics. Clin Nutr
2019;38(1):10–47. doi: 10.1016/j.clnu.2018.05.024.

35. van de Rijt LJM, Stoop CC, Weijenberg RAF, et al. The influ-
ence of oral health factors on the quality of life in older peo-
ple: a systematic review. Gerontologist 2020;60(5):e378–94.
doi: 10.1093/geront/gnz105.

36. FDI World Dental Federation, Oral health and quality of life.
Available from: https://www.fdiworlddental.org/resources/
policy-statements-and-resolutions/oral-health-and-quality-
of-life. Accessed 27 April 2022.

37. Buset SL, Walter C, Friedmann A, et al. Are periodontal dis-
eases really silent? A systematic review of their effect on
quality of life. J Clin Periodontol 2016;43(4):333–44. doi:
10.1111/jcpe.12517.

38. Ferreira MC, Dias-Pereira AC, Branco-de-Almeida LS, et al.
Impact of periodontal disease on quality of life: a systematic
review. J Periodontal Res 2017;52(4):651–65. doi: 10.1111/
jre.12436.

39. Masood M, Newton T, Bakri NN, et al. The relationship
between oral health and oral health related quality of life
among elderly people in United Kingdom. J Dent 2017;56:78–
83. doi: 10.1016/j.jdent.2016.11.002.

40. Sko�skiewicz-Malinowska K, Malicka B, Ziętek M, et al. Does
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