FUNCTIONAL CAPACITY AS A DETERMINANT OF ORAL HEALTH AN 11-YEAR LONGITUDINAL STUDY

Yamna Rehman
Master’s thesis
Public Health
School of Medicine
Faculty of Health Sciences
University of Eastern Finland
May 2019

2
UNIVERSITY OF EASTERN FINLAND, Faculty of Health Sciences
Public health
REHMAN, Y.: Functional Capacity as a determinant of Oral Health - An 11-year longitudinal
study
Master's thesis: 80pages
Instructors: Professor Liisa Suominen, Professor Tomi- Pekka Tuomainen, Assistant Professor
Sohaib Khan
May 2019.
Key words: longitudinal study; functional capacity; decayed teeth; periodontitis
FUNCTIONAL CAPACITY AS A DETERMINANT OF ORAL HEALTH - AN 11-YEAR
LONGITUDINAL STUDY
This study aimed to determine whether functional capacity is a predictor of oral health,
particularly of decayed and deepened periodontal pockets ≥ 4mm in a longitudinal setting.
The study included 1225 subjects aged 30 years and over at baseline who participated in clinical
oral examination and answered questions about functional ability in both the Health 2000 and
Health 2011 Surveys in Finland. Functional capacity was measured through the interview on
Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL), based on
Katz Index of ADL, Lawton & Brody IADL scale and Organisation for Economic Co-operation
and Development (OECD) recommendations. Oral health was assessed by clinical examination
of decayed teeth and teeth with deepened periodontal pockets ≥ 4mm. The difference in the
average number of decayed teeth and teeth with deepened periodontal pockets ≥ 4mm among
subjects according to their functional capacity was analyzed using Mann Whitney U test.
Association of IADL with decayed teeth and teeth with deepened periodontal pockets ≥ 4mm was
assessed through Poisson regression analysis.
According to Mann Whitney U test, no significant differences were seen in the average number
of decayed teeth and teeth with deepened periodontal pockets ≥ 4mm according to the difficulty
in functional ability using ADL. Though, only significant difference was observed in number of
decayed teeth among participants who had any difficulty in cutting toenails as compared to
participants who experienced no difficulty. In addition, there were significant differences in the
average number of decayed teeth and teeth with deepened periodontal pockets ≥ 4mm according
to the functional ability of subjects, by using some tasks of IADL scale. When analyzed by
Poisson regression analysis, significant differences in the number of decayed teeth and the
number of teeth with deepened periodontal pockets ≥ 4mm were seen among participants
according to their functional capacity using IADL.
The results of this study conclude that functional capacity is a determinant of oral health.
Moreover, the inability to perform tasks related to IADL is an important indicator for the risk of
future decayed teeth and teeth with deepened periodontal pockets ≥ 4mm. However, further
longitudinal studies are needed with a large sample size to explore the association of functional
capacity with oral health among adult and elderly Finnish population.
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1

INTRODUCTION

Oral health is vital for maintaining general health and quality of life. It can be defined as “A
state of being free from mouth and facial pain, oral and throat cancer, oral infection and sores,
periodontal (gum) disease, caries, tooth loss, and other diseases and disorders which can
affect and in turn limit the individual’s oral functions such as biting, chewing, smiling,
speaking, and affect psychosocial wellbeing” (World Health Organization WHO 2012).
Various risk factors affect oral health and cause oral diseases. One of these risk factors can be
poor functional capacity. Functional capacity is defined as “a person's ability to deal with
daily-life activities” and can have an enormous impact on the quality of life of an individual.
Daily activities of living change throughout the life span of a person; children, adults, and the
elderly, each of them have a unique set of activities which are necessary to maintain their
independence (Avlund et al. 2001). Therefore, it is measured most appropriately according to
age-specific life-cycle tasks that a person may need to perform (Encyclopedia of Public
Health 2002).
Functional capacity in general consists of three different domains i.e. physical, psychological
and social domains. Physical functional capacity assesses abilities to perform Activities of
Daily Living (ADL) and Instrumental Activities of Daily Living (IADL). Psychological
functional capacity includes personality, moods, memory, learning, abilities to perform
mental activities and others. Social functional capacity includes different tasks and roles that
are specific to a person’s age, gender and social and cultural background (Supporting the
Functional Capacity of Older people with Skill and Quality SUFUCA 2017).
Poor physical functional capacity which can be defined as “difficulty experienced in
performing daily life activities i.e. ADL and IADL”; can affect a person’s ability to maintain
good oral hygiene and limit their capability to access necessary dental treatment. Therefore, it
is likely that disabled persons or persons with poor functional ability are at increased risk of
oral diseases (Avlund et al. 2001).
During recent years, age structure of the population is rapidly changing. Due to an increase in
life expectancy, more people are now living to older ages and the older population is getting
older (Razak et al. 2014). As people are aging, the dental transition has been seen among
developed countries in recent decades i.e. more people are retaining natural teeth in old age
which has decreased the proportion of edentulous people steadily (Thomson & Ma 2014).
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However, the functional capacity decreases with old age, therefore more studies are needed to
evaluate this relationship between functional capacity and oral health to identify the at-risk
groups of population.
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2

LITERATURE REVIEW

2.1
2.1.1

Oral health
Distribution of oral diseases

2.1.1.1 Global burden
Despite the advanced prevention and treatment options for various oral health disorders, at
present, oral health issues are still highly prevalent around the globe. The severity of these
diseases differs in different parts of the world and within the same country or region. Due to
increased consumption of sugars and inadequate exposure to fluoride, along with changes in
socio-behavioral and environmental factors, oral diseases are becoming more of an issue
(WHO 2018).
Studies suggest that the cumulative burden of oral conditions has increased dramatically
during 1990-2015. One of the reasons for this may be the demographic changes which
includes population growth and aging. It has been estimated that the number of people with
untreated oral conditions was approximately 2.5 billion in 1990 which rose to 3.5 billion in
2015. Total disability-adjusted life years DALY's due to oral conditions have increased by
64% throughout the world. Nearly half of the world’s population is suffering from disability
due to oral conditions. The most prevalent oral health condition throughout the world in 2015
was untreated caries in permanent teeth which affected 2.5 billion people worldwide. Other
prominent oral health diseases were severe periodontal disease which affected 538 million
people and total tooth loss which affected 276 million people throughout the world. The total
number of incident cases related to caries in permanent and in deciduous teeth, severe chronic
periodontitis and tooth loss in 2015 were 616 million globally (Kassebaum et al. 2017).
According to a study by Listl et al. (2015), direct treatment costs due to dental diseases
worldwide were $298 billion in the year 2010, which corresponded to 4.6% of global health
expenditure. The indirect expenditure which occurred due to productivity loss was $144
billion globally. The direct and indirect cost of oral diseases made an economic burden of
$442 billion only in 2010. As the population is rapidly growing and aging, the number of
cases and treatment cost is expected to increase, hence posing a very serious public health
challenge to policymakers (Listl et al. 2015).
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2.1.1.2 Burden in Finland
In Finland, oral health status is strongly dependent upon socioeconomic status and level of
education. People who are less educated are least active in oral self-care and thus have the
highest number of oral diseases. Overall, these people constitute a high-risk group for poor
oral health. According to gender, women are more active in oral self-care and visiting the
dentist than men. According to the region, southern Finland is better in terms of oral health
than northern and eastern Finland, which have the highest number of edentulous (no teeth)
people. People living in northern and eastern Finland are more affected by edentulism and
have comparatively fewer teeth than other parts of the country (Suominen-Taipale et al.
2008).
According to the Health 2000 Survey, the overall coverage of dental care is high in Finland.
Most of the adults visit dentists regularly however, preventive treatment is almost infrequent.
Despite good dental care coverage, the most common type of oral diseases among them is
periodontitis. It is estimated that two out of every three dentate subjects in Finland are
affected by deepened periodontal pockets (≥ 4mm). The overall percentage of dentate patients
affected by decayed teeth and periodontal pockets were 31% and 64% respectively
(Suominen-Taipale et al. 2008).
The overall oral health status of the Finnish population has improved from 1980 through
2000, these changes are more prominent in young adults and well-educated groups of the
population. There has been a prominent decrease in the prevalence of edentulousness and
caries among Finns. People are now more aware of the use of dental services and oral selfcare than 20 years ago. Despite these improvements, more improvement is needed for oral
health care especially in men (Suominen-Taipale et al. 2008).
2.1.2

Determinants of oral health

2.1.2.1 Individual factors
2.1.2.1.1 Aging
The population around the world is rapidly aging and today aging has become one of the most
important social transformations in the twenty-first century. According to 2017 statistics,
there are approximately 962 million people who are aged 60 or over in the world. It comprises
of 13% of the global population. According to the continent, Europe has the highest

13
proportion (25%) of people who are aged 60 and above. It has been estimated that in 2030 the
number of old people in the world will be 1.4 billion which will keep rising to 2.1 billion in
2050 and 3.1 billion in 2100 (United Nations 2017). The reasons for this demographic
transformation are increased life expectancy due to better living conditions, a decrease in birth
rate and a decrease in death rate (Boulding 2003). Also, now people are retaining their natural
teeth late in life and edentulism is decreasing substantially. The reason is an advancement in
oral health care which includes advancement in the prevention of oral diseases, and the
availability of better treatment options (Müller et al. 2007).
Maintaining good oral hygiene in old age is important not only to maintain and improves oral
health but also systemic health, which in turn can improve the quality of life. In old age, the
inability to maintain satisfactory to good oral health due to reduced functional ability and
polypharmacy makes the oral environment favorable to dental diseases and tooth destruction.
Therefore, it is necessary that policies must be tailored in a way that renders better access of
dental treatment to frail and functionally dependent elderly patients (Lewis et al. 2015).
Despite of advances in oral health care, older people are still considered vulnerable to oral
health problems globally. Tooth loss, dental caries, periodontitis, dry mouth, oral
precancerous lesions, and oral cancer are considered as main conditions that need attention in
older people. Research indicates that three main reasons make older people vulnerable to poor
oral hygiene and make it difficult for them to maintain it (Lewis et al. 2015, Kossioni et al.
2018).
The first reason is personal related issues, which include physical illnesses, decreased
mobility, cognitive impairment, poor socioeconomic background, living in rural areas or
residential care and financial problems. Due to increasing age, people are suffering from
chronic diseases which can hinder their ability to attend dental appointments. Moreover, with
aging, people are becoming frail and dependent upon others for daily life activities, which can
result in their reduced mobility. Besides, cognitive impairment is also one of the important
issues in personal factors. People with dementia are seen to have care-resistant behaviors and
cannot also reliably report oral health problems (Lewis et al. 2015, Kossioni et al. 2018).
Second reason is lack of professional support, which means that non-dental health
professionals are not trained in oral health guidance. Third reason is, lack of effective health
policies including lack of regulations for dental care in community and institutional care, high
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cost of treatment and limited coverage of dental care for public (Lewis et al. 2015, Kossioni et
al. 2018).
2.1.2.1.2 Genetics
It has been hypothesized that genetics may play a role in oral diseases particularly periodontal
disease. Familial Aggregation studies and Twin studies have been done to see the effect of
genetics on periodontal diseases. Familial studies and Genome-wide studies suggest that an
aggressive form of periodontitis has a stronger genetic association as compared to chronic
periodontitis. However, Twin studies suggest that there is a possible role of genetics in
chronic periodontitis; with half of all the variations in periodontal diseases are due to genetic
factors (Genco & Borgnakke 2013). Some studies also suggest that genetic polymorphisms in
cytokine genes can modify the systemic inflammatory response in people with periodontitis
(Kornman et al. 1997, D'aiuto et al. 2004). Although several studies indicate an association of
genetic polymorphisms with periodontitis, there is a lack of enough evidence to support the
causation (Pihlstrom et al. 2005).
There are also some genetic diseases that can have severe periodontal manifestations some of
them are Haim-Munk and Papillon-Lefèvre syndromes which are autosomal recessive
disorders caused by mutation of cathepsin C gene, Chédiak-Higashi syndrome, Ehlers-Danlos
syndrome types 4 and 8, Kindlers and Cohen syndromes (Pihlstrom et al. 2005).
2.1.2.2 Socioeconomic factors
Socioeconomic status affects oral health as well as oral health-related quality of life. A study
by Peres et al. (2013) concluded that people with lower income and education level,
experience a greater impact of oral health on quality of life. According to the research,
adolescents who are from low-income families are more likely to experience difficulties in
chewing and psychosocial problems in their daily lives compared to those from high-income
families (Peres et al. 2013).
According to WHO, social determinants of health play an important role in the maintenance
of oral health. Socioeconomic status, which is one of the social determinants of health
contributes significantly to the burden of oral diseases globally. Variation in socioeconomic
status results in differences in the prevalence of oral diseases according to geographical areas,
being high in low and middle-income countries. These differences in prevalence are not only
common between countries but, also within countries. In developed countries, the burden of
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oral diseases is estimated to be higher in people with low socioeconomic status and among
disadvantaged populations (WHO 2012).
Studies have been conducted to evaluate the role of sociodemographic factors in poor oral
health. A study conducted by Esan et al. (2004) found a significant relationship between
socio-demographic variables i.e. age, educational level, and socioeconomic status and
edentulism. Poor education which is one of the risk factors for poverty has been identified as
a major factor in edentulism. This may be because people with higher education tend to have
good oral hygiene habits, enhanced dental health awareness and increased utilization of oral
health facilities. The study further concluded that people with higher socioeconomic status
tend to demand fewer dentures than people with low socioeconomic status because people
with higher socioeconomic status retain their teeth for longer (Esan et al. 2004).
Measures of socioeconomic status i.e. income, education level and living in rural or urban
areas are also considered as significant predictors for periodontal disease. People with low
socioeconomic status are at higher risk of developing periodontal diseases than people with
higher socioeconomic groups. This difference can be explained by the difference in
environmental and behavioral factors in two groups (Albandar 2002). According to AlmerichSilla et al. (2017), low educational level and low social class have a statistically significant
relationship with the prevalence of periodontal pockets (Almerich-Silla et al. 2017).
Similarly, Costa et al. (2012) found a positive association between socioeconomic status and
the prevalence of caries. According to the study, there has been a decline in dental caries in
industrialized countries during the past 20 years, because of public health interventions and
health promotions. However, these promotional activities are more accessible to people with
higher socioeconomic status. Moreover, it is also evident that people with high incomes have
better access to oral health services, oral care products and oral health knowledge (Costa et al.
2012).
2.1.2.3 Behavioral and lifestyle factors
2.1.2.3.1 Oral hygiene practices
Among a range of risk factors for poor oral health, poor oral hygiene practices and inadequate
exposure to fluorides, both have a negative effect on oral health (WHO 2018). Maintaining
good oral hygiene is important to prevent most common preventable oral diseases like caries,
periodontitis, tooth loss and halitosis (bad breath). Good oral hygiene can be maintained by
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removing dental plaque and debris. Plaque, which is the most important etiologic factor for
most common oral health diseases like periodontitis and caries, can be removed by regular
tooth brushing twice a day with fluoride toothpaste, flossing and using mouthwash (Holt et al.
2001, Hayasaki et al. 2014).
The use of fluoride has also been considered as the foundation for the prevention and control
of caries. Fluoride stops caries progression, reduce the rate of tooth demineralization, promote
remineralization and sometimes under certain conditions, can halt carious lesion (Petersson
2013). According to a meta-analysis by Griffin et al. (2007), topical use of fluoride either self
or professionally applied and use of fluoride in drinking water can prevent as well as reverse
coronal and root caries among adults of all age groups (Griffin et al. 2007). In addition, in a
randomized controlled trial, professionally applied fluorides such as 38% silver diamine
fluoride (SDF) solution and 5% sodium fluoride varnish were also found to be effective in
preventing new root caries (Tan et al. 2010). Moreover, root caries in at-risk groups can also
be prevented by brushing teeth with fluoride toothpaste having 5,000 ppm fluoride and by
use of fluoride mouthwashes with 0.025–0.1 % fluoride solutions (Petersson 2013).
Therefore, tooth brushing behavior (motivation, duration, technique and force of brushing),
flossing and use of appropriate fluoride toothpaste are key determinants and tools in
maintaining oral prophylaxis (Hayasaki et al. 2014).
2.1.2.3.2 Smoking and alcohol consumption
Among the modifiable risk factors for oral cancers, smoking and alcohol consumption are
considered as the most important and common risk factors in oral cancer development. The
risk of developing oral cancer increases with both frequencies i.e. number of cigarettes per
day or week, and duration i.e. years of smoking or drinking. In addition, the risk of oral
cancer becomes higher with the combined use of tobacco and alcohol. Apart from smoking,
use of smokeless tobacco in the form of snuff and betel quid with or without tobacco is also
considered as a risk factor for oral squamous cell carcinoma particularly in Asian countries
(Radoï et al. 2013, Winn et al. 2015).
Smoking not only causes oral cancer but also affects periodontal tissue. Numerous studies
support the evidence that smoking is an important risk factor in the prevalence as well as the
advancement in the disease process of periodontitis. The risk of periodontitis increases with
the duration of smoking and the number of cigarettes consumed. Evidence also suggests that
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smokers usually present with more severe periodontitis. Moreover, they exhibit higher
probing depths of greater than 5mm, higher rates of furcation involvements, and tooth
mobility due to extensive periodontal loss as compared to non-smokers. Smoking not only
affects the periodontal disease process, but also slows down periodontal healing after
treatment as compared to non-smokers, and the healing is often not complete (Obeid & Bercy
2000).
2.1.2.3.3 High consumption of sugars
It is a well-established phenomenon that sugar consumption plays an important role in the
development of dental caries. Sugars act as a substrate for cariogenic bacteria especially
mutans streptococci that resides in plaque. Cariogenic bacteria metabolize sugars and produce
acid by-products. These acids by-products cause demineralization of the enamel surface. After
demineralization, the lesion can either remineralize or proceed to clinically detectable caries,
depending upon the frequency of further consumption of sugar. Therefore, sugars play an
important role in the initiation of demineralization of enamel and further progression of caries
(Brian et al. 2001).
The systematic review by Brian et al. (2001) concluded that people who consume sugars in
large amounts or frequently are more prone to have cariogenic bacteria in their saliva than
people who have low consumption. Sugar consumption is considered as mild to moderate risk
factor for caries in the presence of good exposure to fluoride. Therefore, sugar restriction in
diet plays an important role and is justified in the prevention of dental caries (Brian et al.
2001).
2.1.2.3.4 Stress
Clinical and epidemiological studies suggest that depression, anxiety, and stress can be a risk
factor for periodontitis (Pihlstrom 2005, Stabholz et al. 2010). Psychological stress in an
individual can cause clinical periodontal attachment loss and alveolar bone loss (Van Dyke et
al. 2005). There can be different mechanisms through which stress can promote periodontal
disease progression. The proposed biological mechanism through which stress can cause
periodontal destruction is immunosuppression. Stress can induce the release of noradrenaline,
corticotropin-releasing hormone, and glucocorticoid hormone; this can increase the release of
proinflammatory cytokines including IL-6 that in turn can cause periodontal tissue
destruction. (Van Dyke et al. 2005, Stabholz et al. 2010, Genco et al. 2013). Another
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mechanism is health-impairing behaviors or behaviors that can have harmful effects on
periodontal health, such as under psychological stress, a person can increase smoking, pays
little attention to oral hygiene, visits the dentists less regularly and can start eating an
unhealthy diet. All of these can affect the health of periodontium through an increase in
plaque level or suppression of the immune system (Stabholz et al. 2010, Genco et al. 2013).
2.1.2.4 Systemic diseases
With an aging population, multiple chronic diseases are becoming prevalent, and these
diseases are expected to increase among old people during the coming decades. Some
common chronic diseases which share common risk factors with oral diseases are
cardiovascular diseases, diabetes mellitus, malignant cancers, cerebrovascular diseases, and
chronic obstructive pulmonary diseases. Some of these diseases are known to have a direct
link with oral diseases, for instance, diabetes mellitus. Type 2 diabetes is known to have a
two-way relationship with chronic periodontitis (Van Dyke et al. 2005, Stabholz et al. 2010).
However, for other diseases, the indirect effect on oral health can occur in the form of side
effects of treatment medicines on oral health (Ghezzi & Ship 2000).
In addition to systemic health, mental health is now becoming one of the biggest problems in
elderly people due to the increase in the prevalence of dementia and Alzheimer’s disease
(AD). Due to loss of intellectual function and memory in dementia and AD, these people are
at risk of having poor oral hygiene, periodontitis, and edentulism unless they are assisted in
oral hygiene care by family or caregiver. In addition to dementia, people with Parkinson's
disease (PD) are also at risk of poor oral health, chewing difficulties, dysphagia, and tooth
loss. For PD patients’ daily tooth brushing and denture cleaning becomes difficult due to
resting tremors, bradykinesia and akinesia (Ghezzi & Ship 2000, Kandelman et al. 2008).
Apart from the above mentioned mental and systemic diseases, some other diseases also have
oral complications such as Sjögren syndrome. People suffering from this syndrome
experience the absence of saliva due to the destruction of salivary glands. Due to a lack of
salivary protection, they are at risk of dental caries, mucosal infections, oral discomfort, and
dysphagia. Patients undergoing chemotherapy or radiotherapy experience the same symptoms
as Sjögren syndrome (Slavkin & Baum 2000).
Some rare diseases can also have an association with oral diseases particularly periodontitis.
Some of these diseases are disorders in neutrophil function such as Chediak-Higashi
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syndrome, cyclic neutropenia, agranulocytosis, and Down syndrome and Papillon Lefevre
syndrome. However, all these diseases are very rare, hence further studies are required to
explore the association of these diseases with periodontitis (Deas et al. 2003).
2.1.2.5 Polypharmacy
As mentioned earlier, due to an increase in the aging population chronic diseases are
becoming more prevalent. Some of these diseases do not have any direct association with oral
health but the treatment of these diseases can have deleterious effects on oral health. There are
around 400 therapeutic drugs that are known to reduce salivary secretion and can have similar
consequences like Sjögren syndrome (Slavkin & Baum 2000). Antihypertensive drugs such as
beta-blockers, calcium channel blockers, and diuretics are known to produce oral effects such
as salivary dysfunction, gingival enlargement, lichenoid mucosal reaction (from thiazides)
and taste disturbance. Disturbance of taste has been seen with a wide variety of drugs such as
hypoglycemics, antiarthritic, anesthetics, antidiarrheal, antiparkinsonian and
sympathomimetics (Ghezzi & Ship 2000).
Other drugs such as immunosuppressants and corticosteroids, depress the immune system and
cause oral candidiasis, recurrent oral viral infections, vesiculoulcerative stomatitis, taste
disorders and gingival enlargement (due to use of cyclosporine). In addition, most frequently
occurring cancers although they do not have a direct effect on oral health their treatment with
surgery, radiation, and chemotherapy can seriously affect oral health resulting in mucositis,
stomatitis, recurrent microbial infections, permanent salivary gland dysfunctions, taste
disturbance and increased risk of osteoradionecrosis. Therefore, systemic diseases and their
treatments can impair oral health and thus can increase the burden of diseases (Ghezzi & Ship
2000).
2.1.3

Dental caries and periodontitis - most prevalent oral health problems

2.1.3.1 Caries
2.1.3.1.1 Definition
Dental caries which is commonly known as tooth decay is defined as a “multi-factorial
infectious and transmissible disease caused by bacteria residing and colonizing tooth surface”.
(Caufield et al. 2005). It is a disease process that destroys tooth structure in the form of
cavitation (Usha et al. 2009). It results due to the interaction of plaque microorganisms, diet
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and a range of host factors. Host factors include social, environmental and genetic factors
along with the immunologic response of the host (Yada et al. 2017).
2.1.3.1.2 Pathogenesis of caries
Dental Caries is a complex process that requires the presence of multiple factors particularly
cariogenic microorganisms, dietary sugars, and plaque. The concept of the involvement of
microorganisms in the process of caries is known since long. The process was first described
by Miller in 1980 in his chemo-parasitic theory. The theory suggests that acidogenic bacteria
present in the oral cavity plays an important role in carious process, they produce acids in the
presence of fermentable carbohydrates which then demineralize the tooth enamel (Kleinberg
2002). Two groups of cariogenic bacteria are considered as important in the caries process;
first is mutans streptococci and second is lactobacilli species. These bacteria in the presence
of fermentable carbohydrates produce organic acids such as lactic acid, propionic acid, acetic
acid, and formic acid all of which are capable of demineralizing enamel surface (Featherstone
2008).
The second most important component in the caries process is carbohydrates particularly
sucrose. Oral microorganisms form a sticky matrix with some carbohydrates and stick to the
teeth (Rajab & Hamdan 2002). Apart from sucrose, other carbohydrates such as cooked food
containing high amounts of starch such as potato crisps and biscuits can also increase carious
susceptibility due to its retentive properties (Kashket et al. 1991). Therefore, the frequency, as
well as the time in which soluble carbohydrates remain in contact with the tooth surface, is
highly significant in the development of caries (Dimitrova et al. 2002).
A third most important component in the caries process is dental plaque. Dental plaque is a
biofilm that presents naturally on tooth structure. It is the substrate where oral
microorganisms reside, and the change in this microflora to acidogenic bacteria can initiate
the caries process (Marsh 2010). Plaque plays an important role in deciding whether
demineralization of enamel will occur because of acid attack or not. In the presence of sugars,
acidogenic bacteria of plaque produces acid that decreases the pH of plaque below critical pH
(5- 5.5) after which there are chances that the enamel surface will be demineralized. At resting
pH, plaque contains stores of calcium and phosphorus that prevent demineralization and
initiates remineralization of enamel, following an acid attack. However, if the acid attack
continues, a point is reached when calcium and phosphorus concentration of plaque is
depleted, and net demineralization occurs. If the concentration of calcium and phosphorus are
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present in plaque, demineralization cannot occur even in the presence of pH as low as 2.5
(Gao et al. 1991).

Figure 1: Pathogenesis of caries (Modified from Selwitz et al. 2007).
2.1.3.1.3 Epidemiology of caries
Caries is one of the most common oral diseases and a cause of tooth loss as mentioned earlier.
According to WHO, caries is among the top five most expensive chronic diseases to treat.
Globally around 60-90% of children and 100% of adults are affected by caries. It not only
causes severe pain and discomfort to individuals but also causes biological, social and
financial burden to the health care system (Peterson et al. 2005, Peterson 2008). According to
a systematic review and metaregression conducted by Kassebaum et al. (2015), untreated
caries is one of the most important public health challenges that countries are facing
worldwide. According to the review, caries is now becoming more prevalent in adults than in
children. In 2010, caries in permanent dentition was the most prevalent disease among all
countries affecting 2.4 billion people worldwide whereas, it was the 10 most prevalent
condition in deciduous teeth which affected 621 million children across the globe. The three
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peak ages at which there is a higher risk of caries are 6, 25 and 70 years (Kassebaum et al.
2015).
The prevalence and incidence of caries vary among high and low-income countries. It has
been estimated that open cavitated dentine lesions (present as cavities in the teeth in advance
stage of caries) are more prevalent in low and middle-income countries as compared to highincome countries (Frencken et al. 2017). Generally, some studies indicate a decrease in the
prevalence of caries in the last few decades in developed countries and an increase in
developing countries particularly in Africa (WHO 2003, Petersen et al. 2005). However, a
systematic review by Kassebaum et al.(2015) suggests that caries prevalence and incidence
remained static between 1990-2010 among all the countries in the world. It further suggests
that there is a risk that 15 and 27 new cases of caries in primary and permanent dentition
respectively will appear annually on the follow-up of every 100 people (Kassebaum et al.
2015).
In Finland, according to the Health 2000 Survey, 31% of Finnish adults' age 30 and greater
have caries. The prevalence of caries is more common in men than women and also more
common among elderly people as compared to the age group 30-44 years. On average, men
have 0.8 decayed teeth and women have 0.5. Besides, dental caries is less commonly seen in
people with higher education and people who brush their teeth twice a day as compared to
people with basic education and people who brush their teeth less than daily (SuominenTaipale et al. 2008).
2.1.3.1.4 Risk factors for caries
The concept that three main factors i.e. microbial dental plaque, susceptibility of the tooth
towards caries, and a diet that offers a regular supply of fermentable carbohydrates must be
present simultaneously for the occurrence of dental caries is accepted since a century ago
(Burgess 1988, Hunter 1988). Since that time multiple general and specific risk factors have
been identified that increase one's susceptibility to caries, these include physical, biological,
behavioral, environmental and lifestyle-related factors (Selwitz et al. 2007).
Numerous studies identified local as well as general factors that increase the risk of caries.
Local factors include the structure of a tooth and its position, salivary flow of an individual
and oral hygiene. Among general factors, age, sex, race, geographical location, social class,
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and ethnicity are the most prominent factors which can increase the risk of caries among
individuals (Hunter 1988, Selwitz et al. 2007, Namal et al. 2008).
In addition, several studies have acknowledged the importance of socio-behavioral risk
factors in the development of caries (Tervonen et al. 1991, Namal et al. 2008). Previous
studies have identified that certain socio-behavioral factors like ethnicity, low education
status, low family income, urbanization, high frequency of sugar intake including sugary
beverages, tooth brushing habits, dental attitudes and the number of dental visits increases the
odds of dental caries (Tervonen et al. 1991, Peterson 2005).
The risk factors for caries are in common with the risk factors for other chronic diseases
therefore, a common risk prevention approach must be followed to prevent dental caries and
other oral diseases (WHO 2002, Peterson 2003).
2.1.3.2 Periodontitis
2.1.3.2.1 Definition
Periodontitis is defined as an “inflammatory disease of the tooth-supporting structure caused
by a group of microorganisms residing in dental plaque; which results in the formation of the
periodontal pocket, gingival recession or both due to the progressive destruction of
periodontal ligament and alveolar bone” (Newman et al. 2006). It is a complex infectious
process that results from an interaction between bacterial infection and host response, which
is further modified by factors such as genetic susceptibility, acquired and environmental risk
factors (Saini et al. 2009).
2.1.3.2.2 Pathogenesis of periodontitis
The classical model of the pathogenesis of periodontitis was first developed by Page and
Kornman in 1997. Since then, research is ongoing to unleash the complex relationship
between plaque biofilm and its microorganisms and host response. Previously it has been
accepted since ages that periodontitis is triggered by the presence of certain microorganisms
in the plaque biofilm which is usually well known as "red complex". This red complex
microorganisms are a group of three species which includes Porphyromonas gingivalis,
Treponema denticola, and Tannerella forsythia. However, advancement in research has now
developed a new model of periodontitis, which proposes that the disease does not occur by
periopathogens like red-complex, rather it initiates by synergistic and dysbiotic microbial
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organisms (Hajishengallis & Lamont 2012). Till now 700 organisms are known as possible
components in the disease process (Aas et al. 2005).
In a healthy tooth, a biofilm is present in which microorganisms and host responses have a
symbiotic relationship. If this biofilm is not disrupted from time to time and allowed to
accumulate than due to change in the local environment, it starts increasing the number of
pathogenic bacteria to a level that can initiate periodontitis. This biofilm can also make the
conditions favorable to bacterial species that can sense and influence the environment and can
elicit strong host immune response (Marsh 2003, Meyle & Chapple 2015). Due to microbial
challenge, host response results in the release of cytokines, eicosanoids and other
inflammatory mediators such as matrix metalloproteinases (MMP), kinins and complement
system that can further aggravate the response and cause connective tissue and bone
destruction (Page & Kornman 1997).
Although, it has been accepted that bacteria are essential for the initiation of the disease
process but, alone they are insufficient for the progression of the disease (Page & Kornman
1997). The disease occurs due to the complex interaction of microorganisms in plaque biofilm
with the inflammatory immune response of the host. The immune response of the host
accounts for an 80% risk of destruction of periodontal tissue (Hajishengallis 2010). Not only
initiation, but the severity of resultant periodontitis is also dependent upon the host related
parameters (Hajishengallis 2014). It can be stated that the whole disease process of
periodontitis is influenced by disease modifiers which are both genetic and environmental or
acquired (Page & Kornman 1997).
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Figure 2: Pathogenesis of periodontitis (Modified from Page & Kornman 1997).
2.1.3.2.3 Epidemiology of periodontitis
Periodontitis is one of the major dental diseases that has affected humans all around the world
at high prevalence (Peterson 2003). The prevalence of the periodontal disease varies between
countries and within countries; being high in low socioeconomic countries. Moreover, racial
and ethnic disparities in prevalence, as well as the severity of the disease, has also been seen
within countries. These variations are due to socioeconomic conditions, environmental and
behavioral factors, general health status such as the presence of systemic diseases and others.
Due to its prevalence, the global burden of periodontal disease has increased from 1990 to
2010 by 57.3% (Kassebaum et al. 2014a, Tonetti et al. 2017).
Periodontitis does not only affect an individual but also cause an economic burden to the
society, due to disability and loss of productivity. According to the Global Burden of Disease
Data (GBD) 2015, periodontitis accounts for 3.5 million years lived with disability. The total
direct and indirect cost due to periodontal diseases incurred in 2010 is 442 billion dollars and
only from severe periodontitis, the global cost due to loss of productivity is estimated to be 54
billion USD per year (Tonetti et al. 2017).
Prevalence and severity of periodontitis are measured in different developed and developing
countries using different designs and measurement criteria. The Community Periodontal
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Index (CPI), which is the standard of measuring periodontal health was introduced by WHO.
In addition to helping in standardized measurement, data from CPI is helpful in the
surveillance of the disease at the country and inter-country level. According to WHO World
Oral Health Data Bank, CPI score 2 which indicates gingival bleeding and calculus is the
most prevalent among all age groups in all regions. However, severe signs of periodontitis
which is indicated by score 4 vary worldwide from 10% to 15% in the adult population
(Peterson & Ogawa 2005). Prevalence of severe periodontitis usually increases between the
third and fourth decades of life and reaches its peak at the age of 40 years. However, it
remains stable in old age (Kassebaum et al. 2014a).
In Finland, according to the Health 2000 Survey, 64% of all dentate adults have periodontitis
with at least one tooth having periodontal pocket ≥4mm. Besides, 21% of dentate subjects
have a severe form of periodontitis which is characterized by, at least one tooth with
periodontal pocket ≥6mm. On average, the number of teeth affected by periodontitis is 4.2
(≥4mm) and 0.7 (≥6mm). Moreover, periodontitis is more common among people with age
45-54 in men and 55-64 in women. However, the severe form of periodontitis is most
common in people aged 65+ in men and 55-64 in women. Gender differences have also been
noted in the prevalence of periodontitis, being more common in Finnish men than women
(Suominen-Taipale et al. 2008).
2.1.3.2.4 Risk factors for periodontitis
Both oral health and systemic health are inter connected to each other. Owing to this fact,
both periodontitis and four most common non-communicable chronic diseases
(cardiovascular diseases, diabetes, cancers and chronic obstructive pulmonary disease) have
common and preventable risk factors related to lifestyle such as tobacco and alcohol
consumption, stress, poor diet, poor oral hygiene and others (Peterson 2003, Peterson &
Ogawa 2005). Several systematic reviews have been published to identify the list of risk
factors for periodontitis, according to these studies risk factors for periodontitis can be
classified as modifiable and non-modifiable risk factors.
Among modifiable risk factors; periodontal microorganisms, behavioral and lifestyle factors
such as smoking and alcohol consumption, diet, stress and oral hygiene practices, and
diseases; such as cardiovascular disease, diabetes mellitus and obesity are reported by several
studies to be the strong risk factors for periodontitis (Van et al. 2005, Genco & Borgnakke
2013, Al Jehani 2014).
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Among non-modifiable risk factors, osteoporosis in post-menopausal women is strongly
associated with periodontitis as it causes severe alveolar crestal bone loss. In addition,
hematological disorders such as acute and chronic leukemia, host response, female hormonal
alteration, and pregnancy are the ones that are strongly associated with periodontitis (Van et
al. 2005, Al Jehani 2014).
Furthermore, there are some individual characteristics or risk characteristics that make a
person more susceptible to periodontitis, such as age, gender, genetics, race, socioeconomic
status and education (Al Jehani 2014). As the person ages, the severity of periodontitis and
bone loss increases due to the increase in the length of time in which periodontal tissue
remains in contact with dental plaque (Loe et al. 1986). In addition to age, the male gender is
found to be more at risk of periodontal disease than females. The reason is not clear, but it
may be due to ignorance of dental hygiene practices which are common among males more
than females (Slade et al. 1995, Albandar & Kingman 1999). Socioeconomic status and level
of education are also strongly related to periodontitis. People with low socioeconomic status
and education are more prone to periodontitis and this difference in severity and prevalence
seems to be present both within a country and between developed and developing countries
(Peterson & Ogawa 2005).
2.2
2.2.1

Functional capacity
Definition

Functional capacity is the ability of an individual to perform daily routine tasks that are
necessary and normally expected from certain age people. Functional capacity associates to
the physical and mental state of an individual and is an important indicator for the assessment
of the quality of life. With an increase in life expectancy, the proportion of people with
extreme old age is increasing dramatically, which has now made it very important to evaluate
the functional capacity of individuals (World Health Organization 2011). Therefore,
functional capacity evaluation is emphasized in order to evaluate people who need long-term
care and support that includes a large proportion of old age people (Encyclopedia of Public
Health 2002).

28
2.2.2

WHO International Classification of Functioning, Disability, and Health (ICF)
Model

According to WHO International Classification of Functioning, Disability, and Health (ICF)
model, functional disability or poor functional capacity can be the result of multiple factors
i.e. either health conditions (diseases, disorders, and injuries) or contextual factors. Contextual
factors are further categorized into external factors and internal factors. External factors
include environmental factors such as social attitudes, climate, architectural characteristics,
and others. Internal factors are personal factors which include age, gender, social background,
education, profession, overall behavior pattern and other factors (WHO 2002).
According to this model, functioning occurs at three levels i.e. at the level of body or body
part, at the whole-body level and the level of person in its social context. Functional disability
can occur at any of this level i.e. if it occurs at body or organ level it causes impairments, if it
occurs at whole body level it can cause functional limitations and if it occurs at the level of
person in its social context it can cause participation restrictions (WHO 2002).

Figure 3: Model of functioning and disability (WHO 2002).
2.2.3

Global functional capacity

The population around the world is rapidly aging. This can have an enormous impact on
social, economic and health care systems. Besides, global life expectancies are expected to
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increase in the coming years. It is estimated that by 2045–2050 global life expectancy will be
83 years in developed countries and 75 years in less developed countries (United Nations
2013).
Due to an increase in life expectancies, the proportion of population aged 65 and above is
increasing rapidly especially in OECD countries. According to OECD report on trends of
severe disability which can be defined as one or more limitations in activities of daily living,
there is a clear decline in disability among elderly people in last five to ten years among 5 of
12 OECD countries (Denmark, Finland, Italy, the Netherlands and the United States).
However, the increasing trend of severe disability among people aged 65 and above have also
been noticed in three countries (Belgium, Japan, and Sweden) while, disability rates were
found to be stable in two countries (Australia, Canada). In France and the United Kingdom,
different studies suggest different disability rates, which makes it impossible to draw an
absolute conclusion (Lafortune & Balestat 2007).
Limitations in ADL and IADL have a direct relationship with increasing age. According to
Chatterji et al. (2015), limitation in ADL becomes significant between age 50–70 in countries
like Greece, Spain, and Italy. However, these limitations have a slow onset in countries like
the Netherlands, Sweden, and Switzerland, where these limitations appear most commonly
after the age of 70. With regards to IADL, the results are more consistent across countries i.e.
IADL limitations are most commonly seen after the age of 70 among all those countries.
Moreover, the decline in ADL and IADL is more common in females than males (Chatterji et
al. 2015).
Functional disability in ADL and IADL among low- and middle-income countries have also
been studied. However, the data for disability in those countries are limited and marked
variation has been noticed among them. Even so, available data on functional ability in China
and Thailand shows a decline in disability in ADL. On the other hand, disability in ADL has
increased in Brazil between mid of the 1990s till 2012. The same trends have also been
noticed for countries like Indonesia and the Philippines. In Thailand reverse in improvement
in ADL has also been noticed after 2005 (Gu et al. 2014).
2.2.4

Functional capacity among the Finnish population

Surveys have been conducted from time to time in Finland to determine the health and
functional capacity status in the Finnish population. The Mini Finland Health Survey was
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conducted in 1977-1980 which was the first comprehensive combination of a health interview
and health examination survey (Aromaa et al. 1989). The purpose of this survey was to study
the population health, functional capacity and their need for treatment. Another survey was
conducted in 2000-2001 which is the Health 2000 Survey. The main aim of the Health 2000
Survey was to acquire current information on public health problems in Finland and to
determine their causes and treatment. The other aim was to obtain information on the
functional capacity and working capacity of the Finnish population. Data from both surveys
were compared in order to see the change of health and functional capacity in Finland
(Aromaa & Koskinen 2004).
According to the Health 2000 Survey, most people aged 30 or over in Finland have quite
good functional capacity and they can manage Activities of Daily Living (ADL) and
Instrumental Activities of Daily Living (IADL) without any difﬁculty. However, after age 65
or 75 performance in sensory, cognitive and other functions deteriorate and therefore, these
age people usually begin to feel difficulty with some usual activities including recalling and
memorizing. People who are age 85 or over not only have reduced sensory and cognitive
functions but they also feel difficulty in basic activities of daily living (Aromaa & Koskinen
2004).
The comparison of the result of functional capacity of two surveys has shown that there is an
improvement in the functional capacity of middle-aged and the elderly Finnish population. It
has been seen that today, a larger percentage of the elderly can manage several everyday
activities, which are necessary to maintain independent living without any difficulty. They
can manage ADL and IADL such as walking a relatively long distance, shopping, climbing
stairs and even heavy cleaning relatively better than before. The overall proportion of those
people who have great difficulty with basic activities or who cannot manage these tasks at all
appears to have decreased up to the age of 85 (Aromaa & Koskinen 2004).
The positive trends in development are due to two reasons, first; the living conditions in
Finland have improved from past years and secondly; there have been improvements in
disease prevention, early detection, and medical care. In addition, changes in people’s
lifestyle had a promotive effect on health and functional capacity of population (Aromaa &
Koskinen 2004).
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2.2.5

Domains

Functional capacity consists of three domains i.e. physical, psychological or cognitive and
social domains.
Physical functional capacity can be defined as “a person’s ability to perform normal physical
activities that are required in daily living”. Poor physical functioning or disability occurs
when a person experiences problems or restrictions in performing normal activities of daily
living. Poor physical functional capacity can occur as a biological process of aging or it can
occur due to underlying health conditions. As people age, they suffer from chronic and
degenerative diseases that affect their functional capacity and in turn increase the number of
people suffering from functional impairment and disabilities (Hu et al. 2012).
There are some common health conditions or diseases that can affect physical functioning and
cause disability. These include cardiopulmonary diseases, neurologic conditions, diabetes
mellitus, cancer, obesity, dementia, affective disorders, ophthalmologic and auditory
disorders, and fractures (Cathleen et al. 2013).
Cognitive functional capacity is” the ability of a person to perform cognitive functions that
are necessary to acquire knowledge and perform daily routine tasks”. These functions include,
attention, memory, orientation, executive functions (working memory, planning, reasoning
decision making, and others) and language (reading, writing, comprehension, fluency, and
others) (Mosby's Medical Dictionary 2009, Neuronup 2018). Cognitive decline can occur in
certain diseases like dementia; which is defined as deterioration in memory, thinking,
behavior and limitation in ADL. It is one of the major causes of disability and causes
dependency in the older population. According to WHO, during recent years there are around
10 million new cases of dementia that are arising every year (WHO 2017). In Finland,
dementia has become one of the major causes of death. The number of deaths due to dementia
has become more than double in the last ten years. In 2016, nearly 9200 Finns died due to
dementia and Alzheimer's disease (Statistics Finland 2017). Dementia compromises a
person’s ability to live independently and is also one of the major causes of physical decline
and loss of ADL and IADL (Project on Government Oversight POGO 2017). In addition, loss
of ADL is also predictive of future cognitive decline and onset of dementia (Fauth et al.
2013).
Social functioning generally includes relationships and participation with other persons in an
acceptable manner. The social functional capacity of a person is strongly dependent upon the
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environment where the person lives. Social functioning of a person can be divided into the
following dimensions: 1) social networks, 2) social activity and involvement, 3) loneliness, 4)
social support, and 5) social skills (Tiikkainen & Heikkinen 2011).
A deficit in functional capacity can occur in any of these domains. If a person has physical
impairment due to any reason, cognitive impairment, and problem in social skills or
combination of these factors, it might interfere with the ability to perform routine activities
and thus, create a deficit in functional capacity (Patterson et al. 2010).
2.2.6

Evaluation of physical, psychological and social functional capacity

As people get older they become frailer which makes them dependent in at least one activity
of daily living, decreases their cognitive ability and restrict their outside mobility. This can be
seen more commonly among people above age 75. Therefore, assessment of the functional
status of an individual in old age is important to determine future healthcare and psychosocial
needs and to address the immediate and long-term needs of an individual (POGO 2017). It
can also help in predicting future health care costs and therefore, will increase the efficiency
of resource allocation.
There are various grading scales and physical examination tests that can be used to determine
the functional status and are often used in assessing the functional capacity of the elderly.
Some of them are described below:
2.2.6.1 Evaluation of physical functioning
2.2.6.1.1 Activities of daily living (ADL) and instrumental activities of daily living (IADL)
To evaluate impairment in physical functioning most commonly used method is to assess
Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL). These
are the activities which can be performed independently but as people become aged their
ability to perform these task decreases progressively, and assistance of a caregiver is then
necessary (POGO 2017).
Activities of daily living are also known as the basic activities of daily living or physical
activities of daily living. ADL involves activities such as grooming, feeding and toileting,
dressing, transferring and continence. These skills are developed early in life and are
preserved until mild or moderate cognitive impairment. Studies indicate that impairment in
ADL can predict future cognitive impairment and onset of dementia regardless of current
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cognitive status or depression. Functional impairment can even accelerate the process of
cognitive decline. Among all categories of ADL, impairment in bathing poses the highest risk
for future institutionalization (Jefferson et al. 2018).
To evaluate ADL, the Katz Index of Independence in ADL is the most commonly used scale
to assess ADL. In clinical evaluation, the practitioner scores an individual as fully
independent (no supervision, direction, or personal assistance needed) or dependent (needing
supervision, direction, personal assistance, or total care) on each of the categories of ADL i.e.
total six points. Therefore, a maximum score of six indicates that the person is fully
independent, four points indicate that the person is moderately impaired, and two points
indicate the severely impaired person (Michelle et al. 2016). During survey-based research,
these activities are scored based on self-report (Iain Lang 2011).
IADL includes complex voluntary behaviors focused on a specific task. They include more
complex activities than ADLs and are needed for living independently in a community
(Mlinac & Feng 2016). Performing these tasks require neuropsychological organization and
these tasks are therefore affected by mild cognitive decline. These activities include cleaning,
shopping, managing finances, problem-solving, handling medication, and housekeeping
(Avlund et al. 1996, Sikkes et al. 2009 Sanchez et al. 2011).
The most commonly used method to assess IADL is the Lawton-Brody scale. The scale was
developed by Lawton and Brody in 1969 to evaluate the more complex ADLs that are
necessary for living independently in a community. The scale can be used in a written
questionnaire or an interview. In clinical evaluation, the practitioner scores an individual on
all the categories in the scale as 0 which means dependent, or 1 which means fully
independent and sum the eight responses. The higher score indicates a better ability to
perform IADL and lower scores indicate dependence (Graf 2008). In survey-based research,
IADLs are also scored based on self-report rather than rated by a clinician (Iain Lang 2011).
Other scales that can be used to assess ADL and IADL are Physical Self Maintenance Scale
(PSMS) which can be used to assess ADL and can help to decrease possible age bias, the
Older Americans Resources and Services (OARS) scale, which is a self-reported
questionnaire including 14 questions measuring ADL and IADL. The questions are coded
from 0 (completely unable) to 2 (without help) to check the level of functioning. Barthel ADL
Index, which is a scale of 8 tasks for measuring ADL. In this scale, each task is scored from 0
to 100 points based on the performance in real-world setting over a period of 24-48 hours,
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based on self-report or direct observation, and Functional Independence Measure (FIM) that
can not only measure basic ADL but also social cognition and communication skills (Mlinac
& Feng 2016).
In addition to self-reported scales, performance-based tests such as Performance ADL Test
(PAT) and Erlangen Test of Activities of Daily Living (E-ADL-Test) can provide a thorough
and more realistic evaluation based on person’s true abilities. These tests are both quantifiable
and repeatable (Mlinac & Feng 2016).
2.2.6.1.2 Evaluation of balance and gait
As a person gets older, balance and gait disorders increase significantly from 10% between
ages 60 to 69 to around 60% in people of age 80 or older, which ultimately increases the
chances of falls (Sudarsky 2001, Mahlknecht et al. 2013). Complications which result due to
falls are one of the leading causes of death among older people. They are also associated with
decreased functional status and increased use of medical services. It also affects the person’s
ability to perform activities of daily living, because to perform them; a person must have
proper balance so that the tasks are done safely in the environment. The most commonly used
test to assess gait disorder is Get Up and Go test and Timed Up and Go test (POGO 2017).
Other tests that are also used to assess functional mobility are the Sit-To-Stand test with one
and five repetitions, the Pick-Up-Weight test, the Half-Turn test, the Alternate-Step Test
(AST), the Six-Meter-Walk Test (SMWT) and Stair Ascent and Descent tasks (Tiedemann et
al. 2008).
2.2.6.1.3 Evaluation of hand grip strength
Hand Grip strength testing is an assessment technique commonly used to evaluate muscle
strength. It is the simplest method of measuring muscle strength and function in clinical
practice (Roberts et al. 2011). The most commonly used method to assess handgrip strength is
a hand dynamometer. The most common indications of hand grip strength testing are to assess
upper limb impairment, working capacity in people with hand injuries, people with other
impairments and disabilities like rheumatoid arthritis and is also used to measure and predict
future disability among older people (Innes 1999, Bohannon 2008).
The handgrip strength of a person starts to decline after midlife and continues decreasing
progressively as a person age (Roberts et al. 2011). Therefore, it is also considered as one of
the most important signs of frailty (Bohannon 2008). Studies indicate that handgrip strength
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testing is an important tool to screen elderly people who are at risk of future disability both in
ADL and IADL (Giampaoli et al. 1999). Low values of handgrip strength test are also
associated with disability, poor health-related quality of life, falls, prolonged hospital stay and
increased risk of mortality (Roberts et al. 2011).
2.2.6.2 Evaluation of psychological or cognitive function
To screen cognitive function psychometric assessment is usually performed. There are a wide
variety of non-automated tests that can be performed to assess dementia. The most commonly
used test is Mini Mental State Examination (MMSE) which can assess the severity of
cognitive impairment as well as changes in cognition over time (Tombaugh et al. 1992).
MMSE is a 30-point assessment tool that either uses the spelling of the word (backward) task
or calculation task (Folstein et al. 1975). Out of 30; the score of 23 or less with education up
to high school, and a score of 25 or less for people with higher education indicate significant
impairment (Grace & Amick 2005).
Other non-automated tests that can be used to assess cognitive decline are the Abbreviated
Mental Test (AMT); a short version of Long Mental Test Score. It includes only 10 questions
from the Long Mental Test Score with the cut of value of <8 which is diagnostic of cognitive
deficit, Six-Item Screener, Six-Item Cognitive Impairment Test (6CIT), Clock Drawing Test
(CDT), Mini Cog, The General Practitioner Assessment of Cognition (GPCOG) (Woodford &
George 2007), Syndrome Kurtz Test (SKT), Kew Test and The Kendrick Test (Wesnes &
Harrison 2003).
Recently, several computerized tests are also available for the assessment of cognitive
impairment; of them the three most commonly used tests are Cambridge Neuropsychological
Test Automated Battery (CANTAB), Cognitive Drug Research (CDR), Computerized
Assessment System and the Computerized Neuropsychological Test Battery (CNTB) (Wesnes
& Harrison 2003).
2.2.6.3 Evaluation of social functional capacity
To evaluate social functioning, thorough information regarding each dimension of social
functioning must be obtained. Interviews and questionnaires are the most commonly used
methods to assess social functional capacity. They can include questions regarding social
networks for instance number of children, the size of the household, marital status and others.
Social activity can be evaluated through information regarding participation in leisure time
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activities, health problems hindering leisure time activities and others. Social support can be
evaluated through information regarding satisfaction with personal relationships, possibilities
to get help and support from people close to oneself and others and finally, social skills can be
evaluated through the ability to take care of matters together with other people (Lundqvist &
Mäki-Opas 2016).
2.2.7

Determinants of functional capacity

2.2.7.1 Aging
Aging is a process that leads to several changes in humans’ bodies with time. These changes
include cellular alterations, sarcopenia, and cardiovascular dysfunction, which further reduces
aerobic capacity. These changes are then followed by reduced physical fitness, which includes
(strength, agility, and flexibility), loss of adaptability, decrease in functional capacity and
eventually death. Because of these alterations in the body a geriatric syndrome called frailty
occurs which eventually limits functional ability, quality of life and life expectancy in old
people (Kowald & Kirkwood 1996, Afilalo et al. 2009, Riebe et al. 2009, Tuna et al. 2009).
Functional capacity of an individual decreases with aging because of the decline in aerobic
capacity and muscle strength. This reduction in functional capacity makes a person dependent
on family or friends for the completion of daily routine tasks, which includes standing up and
sitting down, crossing the road and others (Abrass 1990, Langlois 1997). Therefore, to live
independently in old age a certain state of functional capacity and health is required, and
studies have identified that poor functional capacity is a risk factor that can also threaten
independent living (Ahlqvist et al. 2016).
2.2.7.2 Multimorbidity
“Multimorbidity is defined as the co-occurrence of two or more chronic medical conditions”
(Fortin et al. 2005). Population aging is a driving force behind the prevalence of multiple
medical conditions such as dementia, stroke, chronic obstructive pulmonary disease, and
diabetes. An increase in life expectancy means that there will be increased survival of people
along with these conditions which will increase disability in older age (Suzmen et al. 2015).
Multimorbidity is also associated with an increase in health care use, health care cost,
emergency hospital admissions and a decrease in quality of life (Fortin et al. 2006, Bussche et
al. 2011).
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Multimorbidity is linked with a decline in functional capacity. A systematic review conducted
by Ryan et al. (2015) found a positive association between multimorbidity and functional
decline. The study concluded that the presence of multiple diseases can predict a future
decline in functional capacity. The decline in function is more profound in individuals having
a higher number of chronic medical conditions and greater disease severity, which can in the
future worsen health outcomes (Ryan et al. 2015).
Thirteen chronic diseases have been reported in numerous studies to be associated with the
development of physical functional disability. Some of these conditions are prevalent in the
old population but some are less prevalent like stroke. Diseases like knee osteoarthritis, hip
fracture, diabetes, stroke, heart disease such as (myocardial infarction, angina, and congestive
heart failure), claudication, chronic obstructive pulmonary disease, visual impairment,
depression, and cognitive impairment are most consistently reported in the studies as a risk
factor for poor physical functioning (Satariano et al. 1990).
2.2.7.3 Socioeconomic conditions
Several studies have pointed out the difference in socioeconomic status and its effect on
functional capacity. A study conducted by Ono et al. (2015) among older adults in Brazil
concluded that the chance of mild or moderate to severe disability decreases if a person has a
high level of education and has paid work (Ono et al. 2015). Sulander et al. (2006) examined
a 10-year trend in functional capacity by gender, age, and education among elderly Finns and
concluded that a higher level of education is correlated with better functional capacity
especially in ADL (Sulander et al. 2006). Another longitudinal follow up study conducted by
Sulander et al. (2012) also concluded that socioeconomic status has an impact on functional
ability, with poor adequacy of income is consistently associated with poor functional capacity
(Sulander et al. 2012). According to English Longitudinal Study of Aging (ELSA), wealthier
people show a lower incidence of disability and are also expected to remain disabled for less
time as compared to people with low socioeconomic status (D’Orsi et al. 2014).
2.2.7.4 Behavioral and lifestyle factors
Behavior and lifestyle play an important role in maintaining functional status and quality of
life in old age. Behavioral factors like routine physical activity play a significant role in the
maintenance of functional independence and preventing disability in old age (Paterson et al.
2010). A study from the English Longitudinal Study of Aging (ELSA) found a significant
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association between lifestyle factors and a decline in IADL. The study concluded that lifestyle
factors such as physical activity, smoking status, high quality of life, cultural activities and
digital literacy play an important in the maintenance of IADL. A good quality lifestyle can
recover any decline in IADL and can even diminish the effects of wealth on IADL. Digital
activity such as the use of the internet was found to be protective against a decline in IADL.
Because in older adults, increased or maintained intellectual activity is important to maintain
IADL. Therefore, digital literacy can maintain intellectual activity in older age. The study
further suggests that vigorous physical activity also prevents a decline in IADL and even
speed up the recovery process (D’Orsi et al. 2014).
A study by Ahlqvist et al. (2016) on the factors associated with independent living in old age
propose that not only age and health conditions but behavioral and lifestyle factors such as
smoking, participation in activities outside the home and physical activity play an important
role in independent living in old age. Smoking, low physical activity, and loneliness can
worsen the functional capacity status in old age (Ahlqvist et al. 2016).
According to Sulander (2011), certain health-related behaviors like current smoking, healthy
diet which is characterized by consumption of fruits and vegetables and physical activity are
associated with functional capacity; people having current smoking status, no daily use of
fruits and vegetables and physically inactive lifestyle have poorer functional capacity as
compared to those who are non-smokers, use fruits and vegetables daily and have active
lifestyles (Sulander 2011).
2.2.8

Importance of evaluating physical functional capacity

The importance of functional capacity evaluation was first recognized in 1950 when due to an
increase in age, the number of disabled people increased, and chronic diseases became more
prevalent (Katz & Stround 1989). With the continuing aging of society, limitation in physical
functioning is currently becoming one of the most prevalent public health issues and a matter
of urgency. Age-related functional limitations start to appear as early as midlife and increase
across time. Therefore, it is essential to measure physical functioning particularly in middleaged and older adults (WHO 1998, Tomey et al. 2009).
Physical function evaluation is a good indicator for current health status and can predict the
future functional status of an individual since people with poor physical functional capacity
are at risk of falls and fractures, which can lead to disability in subsequent years. People with
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physical limitations are also more likely at risk of depression that can further decrease their
quality of life (Tomey et al. 2009, Iain Lang 2011).
Also, physical functioning is important to maintain the social functioning of an individual. It
helps a person to maintain independent living, participate in events, meet other people, use
health care services and other facilities provided, and in general improve their lifestyle and
people associated to them (WHO 1998).
Due to the increased prevalence of physical functional limitations, social and financial costs
are increasing. Therefore, it is vital to evaluate physical functional capacity as it can predict
future use of health care services, for instance, hospital admissions and social services
including nursing home admissions (Tomey et al. 2009, Iain Lang 2011).
2.3

Association of physical functional capacity with caries and periodontitis

Physical functional capacity not only affects general health but also affects oral health and
wellbeing. There are several cross-sectional studies (Jette et al. 1993, Morishita et al. 2001,
Avlund et al.2004, Vilstrup et al. 2007, Yu et al. 2011, Komulainen et al. 2012) identifying
the fact that poor physical functional capacity in old age affects the oral health of the aged
population substantially. A study conducted in Nova Scotia, Canada on population above 45
years of age suggested that oral health problems are highly prevalent among the older
population. Oral health problems and self-care impairment are also seen as the most important
and prevalent problems in nursing home residents because of their poor functional capacity
(Matthews et al. 2012). The study conducted by Avlund et al. (2001) proposed that old
persons with poor physical functional capacity are more likely to have no or reduced number
of teeth, experience more chewing difficulties, and are less expected to visit the dentist
regularly than others (Avlund et al. 2001). Similarly, according to Yu et al. (2011), physical
functional disability can be correlated with poor oral health, which is defined as edentulism,
moderate to severe periodontal disease, or need for periodontal treatment (Yu et al. 2011).
Older adults with functional limitations are considered at higher risk of root caries (Avlund et
al. 2004). A reason of this may be the presence of gingival recession in old age; with only a
small amount of gingival recession the root becomes susceptible to caries (Rockville 1991,
Gillbert et al. 2001, Saunders & Meyerowitz 2005).
Study on home-dwelling elderly patients dependent on moderate or substantial supportive
care for their daily living also indicates that the prevalence of dental caries and bleeding gums
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are more common among individuals with substantial need of supportive care (Holmen et al.
2012). A study by Morishita et al. (2001) on homebound elderly people indicates that subjects
with higher activity of daily living demonstrate better oral hygiene and better diets than those
persons which have low ADL (Morishita et al. 2001).
Studies have also been conducted to determine the association of functional capacity and oral
health in frail elderly people and people with cognitive disabilities residing in nursing homes.
According to Saarela et al. (2013), frail older residents who need more assistance in
performing activities of daily living and elders who suffer from cognitive impairment often
brush their teeth and clean their dentures less than once daily which can further augment other
oral health problems and malnutrition (Saarela et al. 2013). According to the study on
residents of the nursing home in Sweden; old residents who are dentate but have lost their
functional capacity (ADL) or cognitive ability are more in need of dental treatment due to
poor oral hygiene (Nordenram et al. 2002).
As this study mainly focuses on the physical domain of functional capacity, therefore, now
onwards the term functional capacity will refer to physical functional capacity.
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2.4

Justification of the study

This study was conducted to assess the association of functional capacity with the increased
risk of dental caries and periodontitis in a sample of Finnish adult population within a
longitudinal setting. Table 1 summarize previous studies that associate functional ability with
oral health, seven studies were cross-sectional and three were conducted in longitudinal
settings. In most of these studies, the main limitation was their cross-sectional design from
which cause and effect relationship cannot be determined. In previous longitudinal studies,
functional ability and oral health were measured using different methods. Also, most of these
studies were conducted on frail elderly nursing home residents and people with cognitive
disabilities particularly dementia and Alzheimer’s disease. Therefore, their results cannot be
generalized to populations.
This study not only included participants from old age group but also other age groups i.e.
adults, middle-aged and elderly people. To the best of our knowledge, there is no previous
study exploring the longitudinal relationship between functional ability and risk of caries and
periodontitis in a sample of the Finnish adult population. This study will elucidate the effect
of functional ability on oral health in middle-aged and elderly people.
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Table 1. Cross-sectional and longitudinal studies associating functional ability with oral health.
AUTHOR

DESCRIPTION OF
PARTICIPANTS

EXPOSURE
ASSESSMENT

OUTCOME ASSESMENT

CONFOUNDERS

RESULT

Holmen et al. (2012)

N=302
Age= ≥ 65years
Design= Cross-sectional

Substantial needs of
supportive care: Three times
per day with night
monitoring.
Moderate needs of
supportive care: 15–50 h
every month.

Number of teeth, DT*,
DFT*, periodontal
pockets>5mm, bleeding on
probing, tooth mobility, use
of dentures, dry mouth and
chewing capacity through
Eichner’s index

Age, gender, heart disease,
diabetes, frequent pneumonia,
number of medications

Philip et al. (2012)

N= 205
Mean age= 85± 9.8 years
Design= Longitudinal

Self -care ability measured
by activities of daily living
oral health (ADLOH) in
participants with dementia
and without dementia

Caries experience, active
caries, retained roots and root
caries measured by DMFT*
index.

Komulainen et al.
(2012)

N= 168
Females= 116
Males= 52
Mean age=80.6
Design= Cross-sectional

IADL*and hand grip
strength

Tooth brushing frequency,
tooth paste use and oral
hygiene measured by
presence of dental plaque

Sanchez-Garcı´a et al.
(2011)

N=698
Age= ≥ 60years
Design= Case-cohort:
Longitudinal

Sociodemographic
variables, general health,
healthy oral and general
behavior, salivary condition,
cryogenic microorganisms

Development of root caries in
a 12- month period

Individuals with
substantial needs of
supportive care had
more caries and
bleeding gums than
individuals who
needed moderate
supportive care.
Caries experience,
active caries and
carious retained
roots were higher in
patients with
disability related
with dementia;
functional ability
was associated with
experience of
caries.
Functional ability
measured by IADL
scale was
significantly
associated with oral
self-care among
home dwelling
elderly.
Limitations in basic
activities of daily
life, smoking, not
using mouthwash,
elevated counts of

Age, gender, education, number
of teeth, feeling of dry mouth,
having own dentist, MMSE*
score for cognitive status.
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and clinical indicators of
oral health, functional
capacity (ADL and IADL)
*. Cognitive ability (MMSE
score), Depression (GDS*).

Yu et al. (2011)

N=3,856
Age= ≥60
Mean age= 71.2
Design= Cross-sectional

Vilstrup et al. (2007)

N=191
Men= 78
Women=113
Age= 85 years
Design= Cross-sectional

Avlund et al. (2004)

N=159
Design= Cross-sectional

-

Functional dependence in
ADL and IADL, leisure and
social activities (LSA),
lower extremity mobility
(LEM), General physical
activities (GPA)
Home type,
functional ability (Mob-H
Scale)
Cognitive ability
(MMSE score)

Edentulism, severity of
periodontal disease and
recommendation of
periodontal care.

Demographic and dental
variables, C-reactive protein,
health related behaviors and
comorbidities

Coronal caries (DFS* index)
Root caries
(RCI* index)

Gender, number of teeth, selfrated health and health behavior

Cognitive ability measured
by MMSE score
Function ability measured
by change in functional
ability which was measured
through the change of
function from ﬁrst followup of the parent study till
this study, IADL activities
measured by need of help in

Coronal and root caries,
number of teeth, use of dental
services

Age, gender,
level of school education

mutans streptococci,
high exposure of
root surfaces and
previous experience
of root caries
increased the risk of
new root caries
within 12 months
Edentulism and
severe periodontitis
was associated with
multiple domains of
late life disability.
Individuals with
functional decline
and cognitive
impairment had
higher level of
active coronal caries
and active root
caries compared
with subjects with
no functional
decline or cognitive
impairment
Participants with
low MMSE score
were at higher risk
of coronal caries
and were at 4 times
higher risk of not
using dental
services.
Mild cognitive
decline with a
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laundry, housework and
shopping

decrease in
functional ability
was a risk factor for
root caries.
Morishita et al. (2001) N=668 home bound
ADL scale,
Frequency of tooth brushing,
Individuals with
elderly
Independence of daily oral
use of dentures, diet, use of
higher ADL
Male= 211
hygiene and meal
dental services
displayed better oral
Female= 450
hygiene and diets as
Mean Age= 81.7 years
compared to
Design= Cross-sectional
subjects with low
ADL.
Avlund et al. (2001)
N=326
Functional ability at age 75
Oral health was measured by Gender, chronic diseases, selfOld persons with
Age:75-80
and age 80 measured by
self-reported number of teeth rated health, sociodemographic
poor functional
Design= Longitudinal
(Mob-T and Mob-H scale),
and chewing ability and use
factors, living alone and social
ability were at
Changes in functional
of dental services
relations.
higher risk of
ability from age 75 to age
having no or few
80 measured as (improved
teeth, had more
or sustained good function,
chewing difficulties,
decreased function,
and were not
sustained poor function)
visiting the dentist
or denturist on a
regular basis.
Jette et al. (1993)
N=1,156
Mobility disability
Current decay,
Age, gender, years of formal
Older people with
Age= ≥70
Personal care disability
edentulism,
education, living condition, oral
disabilities were at
Design= Cross-sectional (ADL score)
periodontal disease >4mm
hygiene practices, most recent
increased risk of
pocket
dental visits
tooth decay and
edentulism, there
was no significant
relationship
between physical
disability and
periodontitis.
*DT=decayed teeth, DFT= decayed and filled teeth, DMFT= decayed, missing and filled teeth, MMSE= mini mental scale examination, GDS= geriatric depression scale,
DFS= decayed and filled surfaces, RCI= root caries index, ADL= activities of daily living, IADL= instrumental activities of daily living.
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3.1

AIM OF STUDY
General aim:

To determine whether the functional ability is a predictor of oral health in a longitudinal
setting
3.2

Specific aim:

To determine whether ADL and IADL predict the number of decayed teeth and number of
teeth with deepened periodontal pockets ≥4mm in a sample of adult Finnish population in a
longitudinal setting.
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4

METHODOLOGY

4.1

Study population

The study used the data from the Health 2000 and Health 2011 Surveys in Finland (Heistaro
2008, Lundqvist & Mäki-opas 2016). Both the surveys were approved by the Ethics
Committee for Epidemiology and Public Health of the Hospital District of Helsinki and
Uusimaa. Besides, written informed consent was taken from all the participants of the survey.
4.1.1

The Health 2000 Survey

The Health 2000 Survey was conducted in 2000 and 2001. The target population was
individuals aged 18 or over and living in mainland Finland. The study design was two-stage
stratified sampling. The final sample size was 9992 for the survey of whom 8028 were aged
30 and above and were included in the main survey. The remaining 1894 were included in the
study of young adults. Data were collected in the form of interviews, questionnaires,
measurements (blood pressure and heart rate, height, body circumference, and others), blood
samples and clinical examinations. Data on key characteristics of each person were obtained
from the National Population Register. In addition, administrative register data were obtained
with specific permissions from the institutes responsible for each register. The main focus of
the study was the major public health problems and functional capacity with special emphasis
placed on, cardiovascular and respiratory diseases, musculoskeletal and mental disorders and
oral health (Heistaro 2008).
A large number of interview questions were related to functional capacity. Questions
regarding activities of daily living (ADL) and instrumental activities of daily living (IADL)
were asked from the respondents. Many of these questions were based on items developed by
Katz index of activity of daily living, Lawton and Brody instrumental activities of daily living
scale (Katz et al. 1963, Lawton & Brody 1969, Katz et al. 1970) and on the Organisation for
Economic Co-operation and Development (OECD) recommendations (McWhinnie 1981)
(Heistaro 2008).
Information regarding oral health was collected during health interviews, questionnaire, and
clinical and radiographic examinations. The oral health interview covered questions
concerning self-reported oral health status, oral self-care and use of oral health care services.
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The questionnaire included questions about problems related to oral health. A detailed clinical
oral health examination of 6335 subjects was conducted including radiographs for 6005. A
short clinical oral examination, which includes the information on the number of teeth and use
of removable denture was also conducted at home for those people who did not attend the
health examination (Heistaro 2008).
4.1.2

The Health 2011 Survey (Follow-up survey)

The main aim of the Health 2011 Survey was to obtain knowledge regarding the current
health and functional capacity of the working-aged and elderly Finnish population. The
survey design was both cross-sectional and longitudinal. In the Health 2011 Survey, the
participants who took part in the Health 2000 Survey were re-invited to reproduce a
representative longitudinal data on the Finnish adult population. Data were collected in the
form of four questionnaires, health examination, clinical measurements, blood samples, and
health interview. Phone interviews were offered to subject not willing to participate or who
were unable to participate in the health examination or the concise health examination at
home. Like in the Health 2000 Survey, data on key characteristics of each person were
obtained from the National Population Register. Also, administrative register data were
obtained with specific permissions from the institutes responsible for each register (Lundqvist
& Mäki-opas 2016).
Information on oral health was collected through interviews and questionnaires from the
whole sample but the clinical oral health examinations were carried out only in two field
examination areas, i.e. the southern and northern areas (Helsinki and Oulu), and the
radiographic examination was carried out only in Helsinki. A total of 3938 subjects were
invited to participate in clinical oral health examinations. Participation rate in clinical oral
health examination was 41% of which 38% was from southern and 45% from northern
Finland (Suominen et al. 2018). The oral health interview covered questions concerning selfreported oral health status, oral self-care and use of oral health care services and the
questionnaire included questions about problems related to oral health (Lundqvist & Mäkiopas 2016).
4.2

Study design and participants

This study included only those participants who participated in clinical oral examination and
answered questions regarding functional ability during the interview in both the Health 2000
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and Health 2011 Surveys and were over 30 years old at the time of the survey. Hence, the
total number of participants for this study were 1225.
The data of functional capacity (ADL and IADL) were taken at baseline from the Health 2000
Survey and the participants were followed up to see the longitudinal association of functional
capacity and oral health particularly differences in the number of decayed teeth and teeth with
deepened periodontal pockets (≥ 4mm) in 2011. The data on decayed teeth and teeth with
deepened periodontal pockets (≥ 4mm) were taken from Health 2000 and Health 2011
Surveys (See figure 4).

Figure 4. Selection of participants for the present study (Partly modified from Heistaro
2008, Lundqvist & Mäki-opas 2016)
4.3

Outcomes

The protocol for clinical oral examination was the same in both the Health 2000 and Health
2011 Surveys. The oral health examination team comprised of a dentist and a dental nurse.
Equipment used to check the condition of teeth and detection of caries and periodontitis were:
portable dental treatment unit, portable patient chair, fibre optic light (Novar®), fibre optic
headlamp (Tekmala Oy), a letter scale, mouth mirror and a WHO periodontal probe with a
ball end (Plandent Oyj, no. 19577) (Vehkalahti et al. 2008, Lundqvist & Mäki-Opas 2016).
The criteria for the detection of caries was dentine lesion that was extensive enough to require
treatment with filling. Furthermore, those teeth, which showed cavitated carious lesion that
had penetrated fissures and had already undermined enamel surface or had extended into
dentine so that dentine walls were showing signs of softening were also marked as decayed.
The tooth was not recorded as carious if there was any uncertainty in the observation. The
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tooth was recorded as having coronal or root caries or both based on the location of caries
(Vehkalahti et al. 2008). In the analysis, the number of decayed teeth per person was
calculated and used as an outcome variable.
Periodontal health was assessed by probing all teeth at four points’ i.e. distal corner and
midpoint of buccal surface, and midpoint and mesial corner of the lingual surface with WHO
periodontal probe with ball end, using 20g force. The deepest pocket depth for each tooth was
noted. Periodontal pockets were measured in millimeters and were categorized into: “no
periodontal pocket”, “4–6 mm deep periodontal pocket” and “6 mm or deeper periodontal
pocket” (Knuuttila & Suominen-Taipale 2008). In the analysis, the number of teeth with
deepened periodontal pockets (≥ 4mm) per person was calculated and used as an outcome
variable.
4.4

Exposures

Functional ability i.e. ADL was measured through an interview consisting of 9 questions. In
the interview, activities of daily living were originally assessed by asking the participants how
they can manage the following activities like getting in and out of bed, dressing and
undressing, cutting toenails, eating, washing yourself, toileting, using phone, taking care of
matters together with other people and presenting matters to unknown people. All these
questions were based on the Katz Index of Activities of Daily Living (ADL) (Katz et al. 1963,
Katz et al. 1970) and OECD recommendations (McWhinnie 1981). Instrumental activities of
daily living were measured by asking about the ability to perform the following tasks:
shopping, cooking, laundry, heavy cleaning, carrying shopping bag or some other load of 5
kilos for 100 meters and handling matters in public offices. These questions were based on
Lawton and Brody Instrumental Activities of Daily Living (IADL) scale (Lawton & Brody
1969) and OECD recommendations (McWhinnie 1981).
For the ADL, each question had 4 answering options i.e. with no difficulty, with minor
difficulty, with major difficulty and not at all. In the Katz index of ADL, participants were
given a score of 1 and 0 depending upon their ability to perform these tasks, i.e. if a person
was able to perform the task, he/she will get score 1 otherwise 0. In this study, we tried to
recode the variables according to Katz index i.e. people with no difficulty or minor difficulty
as 1 and participants with major difficulty and not able to perform as 0 but almost all
participants of clinical oral examination had no or only minor difficulty in performing these
tasks. If re-coded as mentioned above, all of them would get a score of 1. Hence, to see the
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difference among groups, the answering options were re-coded and given a score of 1 and 0
according to the following: with no difficulty=1 and with minor, major difficulty or
inability=0.
For the IADL, responses were categorized into four categories: no difficulties, minor
difficulties, major difficulties and not able to perform (Lundqvist & Mäki-Opas 2016). In the
original scale of IADL, designed by Lawton and Brody all the questions were scored either 0
or 1 depending upon the ability to perform the task. To perform analysis in this study, the
answering options measuring IADL were re-coded similarly as ADL i.e. with no difficulty=1
and with minor, major difficulty or inability=0.
4.5

Covariates

Age, gender, Body Mass Index (BMI), level of education, marital status, smoking, alcohol
consumption, use of sugar in tea/coffee, use of medications, perceived health, tooth brushing
frequency, use of habitual dental services, and number of teeth with plaque were included as
covariates.
Sociodemographic and socioeconomic factors included age, gender, marital status, and
education. Data for age, gender, marital status, and education were obtained through
interviews. Age was used both as a continuous and categorical variable. From Health 2000
Survey age was categorized into 4 groups’ i.e. 30-44, 45-54, 55-64 and 65+ years. In 2011,
according to distribution in Health 2011 Survey, from 40-54, 55-64, 65-74, and 75+.
Information on marital status and education were obtained through interview. Marital status
was categorized into following: married, living with your partner, divorced or living apart,
widowed and single. Answering options one and two as well as three and four were combined
to form three categories: married or cohabiting, divorced or widow and single. Data on
education were classified into three categories: basic (those who did not complete high school
and those with no formal vocational qualification), intermediate (who completed high school
or formal vocational education) and higher (university or polytechnic graduates).
Behavioral factors included smoking, alcohol consumption and the use of sugar in tea/coffee.
Data for smoking were obtained through interview. Smoking was categorized into non-regular
use and regular use. Data for alcohol consumption and the use of sugar in tea/coffee were
obtained through a questionnaire. Consumption of alcohol was determined by asking “how
often have you drunk alcoholic drinks during the past 12 months”? The answering options
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were: not once, 6 to 7 times a week, 4 to 5 times a week, 2 to 3 times a week, once a week, a
couple of times a month, approximately once a month, approximately once every two months,
3 to 4 times a year and a couple of times a year. Answering options one, eight and nine were
combined. Similarly, options six and seven, four and five, as well as one and two, were
combined to form five categories: never, once a month or less, 2-4 times a month, 2-3 times a
week and four times or more per week. The use of sugar in tea/coffee was categorized into 3
times a day or more often, once or twice a day, 2 to 5 times a week and more rarely or never.
Answering options one, two and three, as well as four and five, were combined to form two
categories: daily and never.
Oral hygiene and dental behavior included the occurrence of dental plaque, tooth brushing
frequency and use of habitual dental services. Dental plaque was measured during clinical oral
examination by a scale which was modified from the one developed by Silness and Löe in
1964. The plaque was measured from one surface of three different teeth i.e. the labial surface
of the left lower canine, the lingual surface of the last tooth in the lower left quadrant and the
buccal surface of the last tooth in the upper right quadrant of the dental arch (Silness & Löe
1964). The observations were categorized into following: no plaque, gingival plaque only and
gingival and other plaque. In Health 2011 survey, slight modifications were made in the
measurement of plaque. The plaque was measured on the buccal surface of all teeth except for
third molars. The observations were recorded in two categories: no plaque and any plaque.
Tooth brushing frequency and use of habitual dental services were measured by interviewing
the participants. Tooth brushing frequency was asked as “how often do you usually brush your
teeth”. The response options were: more often than twice a day, twice a day, once a day, less
frequently than every day, and never. Response options one and two, as well as four and five,
were combined to form three categories: twice a day, once a day and occasionally. The
question regarding the use of habitual dental services was “do you usually go to a dentist”. The
options were: regularly for a checkup, only when you have a toothache or some other trouble
and never. These options formed three categories: regular, sometimes and never.
Information regarding perceived health and use of medications were obtained through the
interview. The question for perceived health was “What is your current health status”? The
response options were: good, rather good, moderate, rather poor and poor. Options one and
two, as well as four and five, were combined to form three categories: good or fairly good,
average, fairly bad or poor. Use of lipid-lowering drugs, systemic corticosteroids, antiinflammatory drugs, and multi analgesics NSAIDs was categorized into: yes and no.
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Body Mass Index (BMI) was used as a continuous variable in data analysis. The information
for BMI was obtained mostly through measuring the height and weight of an individual during
a clinical health examination. In some cases, BMI values were obtained from the self-report,
questionnaire and through bioimpedance test.
4.6

Statistical analysis

Data were processed and analyzed by SPSS 23. Predicting variables were ADL and IADL at
baseline and outcome variables were the number of decayed teeth and the number of teeth with
deepened periodontal pockets ≥ 4mm in 2011. Mann-Whitney U test and Poisson Regression
analysis were performed to analyze the data.
Mann-Whitney U test was used to compare the differences in the mean number of decayed
teeth and mean number of teeth with deepened periodontal pockets ≥ 4mm according to the
difficulty in performing ADL or IADL (Tables 5, 6).
Poisson regression analysis could not be performed for ADL because of the distribution (i.e.
small sample size of participants having difficulty in performing ADL) of separate ADL
questions. However, Poisson regression analysis was performed for IADL. Separate models
were performed for associating each task in IADL with the number of decayed teeth and teeth
with deepened periodontal pockets ≥4mm. The number of teeth in 2011 was used as an offset
variable. The results were obtained in terms of the Incidence rate ratio (IRR). The adjusted
IRR and 95% confidence intervals (CI) were presented only for the activities with sample size
≥20 to avoid chance finding and need of multiple testing in the group of people having
difficulties in IADL in tables 7 and 8. Poisson regression analysis for age ≥55 was also not
presented in the results because of the sample size smaller than 20 in the group of people
having any difficulties in IADL.
The associations between the exposure and outcome variables were adjusted for various
covariates using Poisson regression analysis. Following modeling strategy was used in order to
understand the effect of covariates on the association:
• Model 1: Adjusted for age and gender
• Model 2: Model 1+ level of education, marital status
• Model 3: Model 2+ smoking, alcohol consumption, use of sugar in tea/coffee, perceived
health, use of medications (lipid-lowering drugs, systemic corticosteroids, anti-inflammatory,
and NSAID’s) and BMI.
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• Model 4: Model 3+ tooth brushing frequency, use of habitual dental services and number of
teeth with plaque.
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5

RESULTS

According to table 2, the average age of participants in 2000 was 47.9 and in 2011 58.9. On
average, the number of teeth was higher in 2000 as compared to 2011. There was a small
increase in the mean number of decayed teeth and a mean number of teeth with deepened
(≥4mm) periodontal pockets in 2011 as compared to 2000. The number of people practicing
dental hygiene increased over 11 years. During the same period, we also observed an increase
in BMI and the use of alcohol and a decrease in regular smoking (Table 2).
Table 2. Characteristics of study population; The Health 2000 and Health 2011 Surveys (n=1225)
Characteristics of study
population

In 2000
n

In 2011
%

n

%

491
363
251
120

40.1
29.6
20.5
9.8

Sociodemographic and socioeconomic variables
Age(years)
30-44
45-54
55-64
65+
Gender
Male
Female
Level of education
Basic
Intermediate
Higher
Marital status
Married
Widow/ divorced
Single
Smoking
Non-regular use
regular use
Alcohol consumption
Never
Once a month or less
2 to 4 times a month
2 to 3 times a week
4 or more a week
Sugar in tea/coffee
Daily
Never
Use of habitual dental
services
Regular
Sometimes
Never

Age(years)
40-54
55-64
65-74
75+

529
359
232
105

43.2
29.3
18.9
8.6

544
681

44.4
55.1

544
681

44.4
55.1

300
397
523

24.6
32.5
42.9

284
368
563

23.4
30.3
46.3

889
217
109

73.2
17.9
9.0

934
154
132

76.6
12.6
10.8
Behavioral factors

982
238

80.5
19.5

1048
166

86.3
13.7

290
181
460
215
69

23.9
14.9
37.9
17.7
5.7

188
296
421
238
70

15.5
24.4
34.7
19.6
5.8

721
60.2
476
39.8
Oral hygiene and dental behavior

734
452

61.9
38.1

697
391
7

770
395
47

63.5
32.6
3.9

63.7
35.7
0.6

55
Tooth brushing frequency
Twice a day
Once a day
Occasionally
Number of teeth with
plaque
None
Marginal
Elsewhere

766
290
39

70.0
26.5
3.6

404
604
114

36
3.8
10.2

895
284
34

73.8
23.4
2.8

(Mean/SD)
3.9 ±5.0

Perceived health and use of medications
Perceived health
Good or fairly good
Average
Fairly bad or poor
Use of medications
Lipid lowering drug
No
Yes
Systemic corticosteroids
No
Yes
Anti-inflammatory
No
Yes
Multi-analgesics
NSAIDs*
No
Yes
Age(years)

899
265
53

73.9
21.8
4.4

937
209
69

77.1
17.2
5.7

1070
59

94.8
5.2

993
223

81.7
18.3

1109
20

98.2
1.8

1201
15

98.8
1.2

674
455

59.7
40.3

1110
106

91.3
8.7

1160
56

95.4
4.6

959
170

84.9
15.1
Other characteristics
Mean SD
47.9 ±11.3

Mean SD
58.9 ± 11.3

BMI*

26.3 ± 4.4

27.2 ± 4.8

MMSE score*

14.3±1.7

13.5±2.2

Number of teeth

22.8 ± 9.1

21.7±9.3

Number of decayed teeth

0.4 ± 1.5

0.4 ± 1.5

Number of teeth with
deepened periodontal
pockets (≥4mm)

4.2 ± 5.6

4.6 ± 5.7

*MMSE score=Mini mental state examination score, BMI= Body mass index, kg/m², NSAIDs= Non-steroidal
anti-inflammatory drugs.

Tables 3 and 4 show the distribution of ADL and IADL variables. It can be observed that
more than 90% of the participants of this study had no difficulty in performing ADL and
IADL. Among tasks related to ADL, there were only a few people who were unable to cut
their toenails or present matters to unknown people completely.
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Table 3. Distribution of tasks included in the Activities of Daily Living (ADL).
Activities of Daily Living

Whole study population
(n=1225)
n

%

Population ≥ 55 years in 2000
(n=337)
n

%

Getting in and out of bed
With no difficulty
With minor difficulty

1195
25

98.0
2.0

322
14

Dressing and Undressing
With no difficulty
With minor difficulty

1197
23

98.1
1.9

326
10

97.0
3.0

Cutting your toenails
With no difficulty
With minor difficulty
With major difficulty
Not at all

1184
22
9
4

97.1
1.8
0.7
0.3

312
16
4
3

93.1
4.8
1.2
0.9

Eating
With no difficulty
With minor difficulty

1216
4

99.7
0.3

336
0

100
0

Washing yourself
With no difficulty
With minor difficulty

1210
10

99.2
0.8

334
2

99.4
0.6

Going to the toilet
With no difficulty
With minor difficulty

1214
5

99.6
0.4

336
0

100
0

Using the phone
With no difficulty
With minor difficulty
With major difficulty

1214
4
1

99.6
0.3
0.1

335
1
0

99.7
0.3
0

Taking care of matters together
with other people
With no difficulty
With minor difficulty
With major difficulty

1210
6
3

99.3
0.5
0.2

332
3
1

98.8
0.9
0.3

Presenting matters to unknown
people
With no difficulty
With minor difficulty
With major difficulty
Not at all

1203
14
1
1

98.7
1.1
0.1
0.1

333
2
1
0

99.1
0.6
0.3
0

95.8
4.2
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Table 4. Distribution of tasks included in the Instrumental Activities of Daily Living (IADL).
Activities of Daily Living

Whole study population
(n=1225)
n

Shopping
With no difficulty
With minor difficulty
With major difficulty
Not at all
Cooking
With no difficulty
With minor difficulty
With major difficulty
Not at all
Laundry
With no difficulty
With minor difficulty
With major difficulty
Not at all
Heavy cleaning, e.g. carrying and
beating of carpets or washing
windows?
With no difficulty
With minor difficulty
With major difficulty
Not at all
Banking, handling matters in public
offices or similar
With no difficulty
With minor difficulty
With major difficulty
Not at all
Carrying a shopping bag or some
other load weighing about 5kg for at
least 100 meters
With no difficulty
With minor difficulty
With major difficulty
Not at all

%

Population ≥ 55 years in 2000
(n=337)
n

%

1206
3
1
10

98.9
0.8
0.2
0.1

329
4
2
1

97.9
1.2
0.6
0.3

1187
23
28
2

97.3
0.2
0.3
0.3

320
14
0
2

95.2
4.2
0
0.6

1189
24
3
4

97.5
2.0
0.2
0.3

320
12
2
2

95.2
3.6
0.6
0.6

1111
71
23
15

91.1
5.8
1.9
1.2

270
42
14
10

80.4
12.5
4.2
3.0

1202
12
3
2

98.6
1.0
0.2
0.2

328
6
2
0

97.6
1.8
0.6
0

1141
52
10
16

93.6
4.3
0.8
1.3

285
32
8
10

85.1
9.6
2.4
3.0

We observed no statistically significant difference in the mean number of decayed teeth and
teeth with deepened periodontal pockets ≥ 4mm among participants who experienced any
difficulty in performing ADL as compared to those who had no difficulty. However, a
statistically significant difference was observed only in the mean number of decayed teeth
among participants who had difficulties cutting toenails (p<0.05) (Table 5). Moreover, we
also observed that participants who had any difficulty in performing some tasks of ADL had
a smaller number of decayed teeth and teeth with deepened periodontal pockets ≥ 4mm as
compared to those who had no difficulty. However, the difference was not statistically
significant.
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Among the tasks related to IADL, there were statistically significant differences in the mean
number of teeth with deepened periodontal pockets ≥ 4mm between participants who had any
difficulties in cooking food or doing laundry and participants without any difficulty.
Similarly, the mean number of decayed teeth was clearly higher in participants who had any
difficulties in doing laundry and carrying a shopping bag or some other load weighing about
5kg for at least 100 meters (p<0.01) (Table 6).
Table 5. Mean number of decayed teeth and teeth with deepened periodontal pockets ≥4mm in 2011
according to the tasks included in the Activities of Daily Living (ADL) in 2000, n=1225
Activities of daily living

Number of decayed teeth

Mean
SD
Getting in and out of bed
With no difficulty
0.4
1.4
With any difficulty
0.6
1.4
p-value
0.207*
Dressing and undressing
With no difficulty
0.4
1.4
With any difficulty
0.2
0.5
p- value
0.708
Cutting your toenails
With no difficulty
0.4
1.4
With any difficulty
0.7
1.1
p- value
0.036
Eating
With no difficulty
0.4
1.4
With any difficulty
0.2
0.5
p- value
0.869
Washing yourself
With no difficulty
0.4
1.4
With any difficulty
0.3
0.6
p- value
0.986
Going to the toilet
With no difficulty
0.4
0.4
With any difficulty
0.2
1.4
p- value
0.942
Using the phone
With no difficulty
0.4
1.4
With any difficulty
0.0
0.0
p- value
0.272
Taking care of matters together
with other people
With no difficulty
0.4
1.4
With any difficulty
1.0
1.6
p- value
0.287
Presenting matters to unknown
people
With no difficulty
0.4
1.4
With any difficulty
0.6
1.1
p- value
0.158
*Results of Mann Whitney U test, p-value <0.05

Number of teeth with deepened
periodontal pockets ≥ 4mm
Mean

SD

4.6
5.7
5.0
5.0
0.411*
4.8
4.6

5.6
5.7
0.686

4.6
3.1

5.7
4.0
0.456

4.6
6.2

5.7
4.9
0.384

4.6
6.1

5.7
6.1
0.282

4.6
6.0

5.7
4.3
0.306

4.6
6.0

5.7
4.3
0.306

4.6
6.8

5.7
3.5
0.099

4.6
6.9

5.8
5.7
0.062
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Table 6. Mean number of decayed teeth and number of teeth with deepened periodontal pockets(≥4mm)
in 2011 according to the task included in Instrumental Activities of Daily Living (IADL) in 2000, n=1225
Instrumental activities of daily
living

Number of decayed
teeth
Mean

SD

Number of teeth with deepened
periodontal pockets ≥ 4mm
Mean

SD

5.7
4.2

Shopping
With no difficulty
With any difficulty
p-value

0.4
1.4
0.7
1.2
0.219*

4.6
5.1

Cooking
With no difficulty
With any difficulty
p-value

0.4
0.9

1.4
1.8
0.055

4.5
6.6

Laundry
With no difficulty
With any difficulty
p-value

0.4
0.8

1.4
0.7
0.009

4.6
6.7

0.4
1.4
0.7
1.2
0.646

4.6
7.0

0.4
0.7

4.6
7.0

Heavy cleaning, e.g. carrying and
beating of carpets or washing
windows?
With no difficulty
With any difficulty
p-value
Banking, handling matters in public
offices or similar
With no difficulty
With any difficulty
p-value
Carrying a shopping bag or some
other load weighing about 5kg for at
least 100 meters
With no difficulty
With any difficulty
p-value
*Results of Mann Whitney U test, p-value <0.05

1.4
1.2

0.410*

0.050

5.7
5.2
0.665

5.7
5.2
0.073

1.4
1.5
0.007

5.7
5.6
0.022

0.111

0.4
0.7

5.7
6.4

4.6
4.2

5.8
5.0
0.695
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In Model 1 adjusted for age and gender, there was a statistically significant association between an
inability to perform instrumental activities of daily living (IADL) tasks and a higher number of
decayed teeth except for the inability to cook food. After adjusting additionally for education and
marital status in model 2, the results remained statistically significant for all tasks. In model 3, the
result remained the same as model 1 after adjusting for all variables except oral hygiene and dental
behavior. In a more comprehensively adjusted model (Model 4), the inability to perform all tasks of
IADL was significantly associated with a higher number of decayed teeth except for cooking food
(Table 7).
Poisson regression analysis adjusted for age and gender in model 1(Table 8) also revealed
statistically significant associations between an inability to perform instrumental activities of daily
living (IADL) tasks and a higher number of teeth with deepened periodontal pockets ≥4mm except
for the inability to cook and walk 100 meters with 5kg of weight. However, inability to perform
IADL was significantly associated with the higher number of deepened periodontal pockets ≥4mm
in model 2, 3 and 4 after adjusting for further covariates in each model (Table 8), except for the
inability to walk 100 meters with 5kg of weight. The inability to walk 100 meters with 5kg of
weight was statistically significantly associated with a decreased number of teeth with deepened
periodontal pockets ≥4mm.
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Table 7. Association of tasks included in the Instrumental Activities of Daily Living (IADL) in 2000 with number of decayed teeth in 2011 among whole study
population. Separate models for each task.

Inability to do

1

Model 1

Model 2

Model 3

Model 4

(n=1119)

(n=1024)

(n=1013)

(n=972)

IRR1

95% CI2

p-value

IRR1

95% CI2

p-value

IRR1

95% CI2

p-value

IRR1

95% CI2

p-value

Cook food 3

1.1

0.7-1.7

0.556

1.8

1.2-2.8

0.003

1.3

0.8-2.2

0.238

1.3

0.8-2.2

0.210

Laundry 3

2.2

1.4-3.4

<0.001

5.4

3.4-8.4

<0.001

5.9

3.7-9.4

<0.001

4.8

2.9-8.1

<0.001

Heavy cleaning 3

5.2

3.4-7.8

<0.001

4.2

2.8-6.4

<0.001

4.5

2.8-7.1

<0.001

2.3

1.4-3.7

0.001

Walking 100 meters
with 5kg weight3

3.4

2.3-4.9

<0.001

1.6

1.1-2.3

0.012

2.7

1.8-4.2

<0.001

3.0

2.0-4.6

<0.001

IRR= Incidence Rate Ratio, 2CI= Confidence Interval
with any difficulty, reference: without difficulty
Model 1: Adjusted for age, gender
Model 2: Model 1+ level of education, marital status
Model 3: Model 2+ smoking, alcohol consumption, use of sugar in tea / coffee, perceived health, use of medications (lipid- lowering drugs, systemic corticosteroids, antiinflammatory and multi analgesics NSAID’s and Body Mass Index
Model 4:Model 3+tooth brushing frequency, use of habitual dental service ,number of teeth with plaque
3
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Table 8. Association of tasks included in Instrumental Activities of Daily Living (IADL) in 2000 with number of teeth with deepened periodontal pockets ≥4mm
teeth in 2011. Separate models for each task.

Inability to do
IRR1

1

Model 1

Model 2

Model 3

Model 4

(n=1086)

(n=1086)

(n=976)

(n=946)

95% CI2

p-value

IRR1

95% CI2

p-value

IRR1

95% CI2

p-value

IRR1

95% CI2

p-value

Cook food 3

1.1

0.9-1.2

0.212

1.2

1.0- 1.4

0.012

1.8

1.5-2.2

<0.001

1.5

1.3-1.8

<0.001

Laundry 3

1.9

1.6-2.2

<0.001

2.9

2.4-3.4

<0.001

3.2

2.7-3.8

<0.001

3.3

2.8-4.0

<0.001

Heavy cleaning3

5.3

4.7-5.9

<0.001

4.9

4.4-5.5

<0.001

4.0

3.5-4.6

<0.001

2.6

2.2-3.0

<0.001

Walking 100 meters
with 5kg weight3

1.0

0.9-1.2

0.535

0.5

0.4-0.6

<0.001

0.6

0.5-0.7

<0.001

0.6

0.5-0.7

<0.001

IRR= Incidence Rate Ratio, 2CI= Confidence Interval
with any difficulty, reference: without difficulty
Model 1: Adjusted for age, gender
Model 2: Model 1+ level of education, marital status
Model 3: Model 2+ smoking, alcohol consumption, use of sugar in tea / coffee, perceived health, use of medications (lipid- lowering drugs, systemic corticosteroids, antiinflammatory and multi analgesics NSAID’s and Body Mass Index
Model 4:Model 3 + tooth brushing frequency, use of habitual dental services, number of teeth with plaque
3
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6.1

DISCUSSION
Principal findings

This study found no statistically significant differences in oral health among participants having
difficulties in functional ability using Activities of Daily Living (ADL). However, the functional
ability was associated with oral health using the Instrumental Activities of Daily Living (IADL).
There was no statistically significant difference in the average number of decayed teeth among
participants incapable to perform ADL as compared to those who had no difficulty in ADL.
However, a statistically significant difference was seen only in participants who were unable to cut
their toenails. Nevertheless, the study found a statistically significant positive association between
IADL i.e. inability to perform laundry, heavy cleaning and walking 100 meters with 5kg weight and
a higher number of decayed teeth among the whole study population.
The study found no statistically significant difference in deep periodontal pockets ≥ 4mm among
participants who had difficulty in functional ability using ADL, as compared to those who had no
difficulty. However, there was a statistically significant association between functional ability and
oral health using IADL. Participants who were unable to do cooking, laundry and heavy cleaning
had increased risk of deepened periodontal pockets ≥ 4mm as compared to those having no
difficulty. In addition, the inability to walk 100 meters with 5kg weight, unexpectedly found to have
a protective effect against the risk of deepened periodontal pockets ≥4mm.
6.2

Study findings relative to previous studies

Several studies have pointed out the fact that the risk of oral diseases increases with old age. One of
the reasons for this is poor functional capacity and decreased cognitive ability (Avlund et al. 2001,
Sánchez‐García et al. 2011, Philip et al. 2012, Antunes et al. 2017). Several cross-sectional studies
aimed to determine the association between functional ability and oral health and found a positive
association between decreased functional ability with poor oral health. A study conducted by
Avlund et al. (2001) suggested that older people with poor functional capacity use dental services
less frequently, have a smaller number of teeth and have more difficulty in chewing food (Avlund et
al. 2001). Another study by Philip et al. (2012) found a positive association between disability,
which regards as poor functional capacity, and a higher risk of caries (Philip et al. 2012). Another
study by Sánchez‐García et al. suggested that persons who have difficulties in ADL and IADL are
at increased risk of developing root caries (Sánchez‐García et al. 2011).
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The present study focused on decayed teeth and teeth with deepened periodontal pockets ≥4mm as
an indicator of poor oral health among the Finnish adult population. Periodontitis and dental Caries
are one of the most prevalent chronic diseases worldwide (WHO 2017). Periodontitis is also one of
the most common oral health problems among the Finnish population.
Unlike other studies, this study could not find statistically significant differences in the oral health
of individuals according to functional ability using a mean number of decayed teeth and ADL as an
indicator of oral health and functional ability. However, the only statistically significant difference
was found for participants who were unable to cut their toenails. Differences in results might be due
to the difference in the study population. Most of the participants of this study had no difficulty or
only minor difficulty in performing tasks related to activities of daily living which can partly
explain the difference in results. Also, according to Aromaa & Koskinen (2004), the majority of the
Finnish population have good functional capacity, and only after the age of 85 years, have problems
in activities of daily living along with sensory and cognitive decline. This can also explain no
statistically significant difference in the number of decayed teeth according to functional capacity
using ADL. In addition, most of the previous studies, which associated reduced functional ability
with a higher risk of decayed teeth used study participants having dementia and participants from
nursing home residents. A study conducted by Ellefsen et al. (2008) concluded that patients with
dementia were more prone to coronal and root caries as compared to participants without dementia
(Ellefsen et al. 2008). However, present study also included participants who were adults having no
dementia. Another study by Philip et al. (2012) found a positive association between reduced
functional ability and the risk of decayed teeth. However, the study used Activities of Daily Living
Oral Health (ADLOH) scale instead of Katz index of ADL, which can only analyze difficulty in
performing tasks related to oral health such as brushing, flossing, topical fluoride application and
oral rinses (Philip et al. 2012, Bauer et al. 2001). In addition, the ADLOH scale is not validated and
less commonly used scale. The only study that found a positive association between reduced ADL
and risk of decayed teeth among general population was conducted by Jette et al. (1993), which
concluded that physical disabilities in activities such as eating, bathing, and toileting that require
fine motor skills were strongly associated with current dental caries. But, this study was crosssectional in design (Jette et al. 1993).
The present study found that poor functional capacity (IADL) i.e. inability to perform laundry,
heavy cleaning and walking 100 meters with 5kg weight is a risk factor for poor oral health using
decayed teeth as an indicator of poor oral health. According to Antunes et al. (2017), the process of
functional disability starts with mild or moderate difficulty in mobility, followed by difficulty in
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instrumental activities of daily living which makes it difficult to access dental care services and
affects oral health. This explains the association of IADL with the risk of decayed teeth. In addition,
in Model 4 after adjusting for oral hygiene and dental behavior, risk of decayed teeth reduced to
half for participants unable to perform heavy cleaning task which indicates that oral hygiene i.e.
plaque and oral hygiene behavior (tooth brushing frequency and use of habitual dental services) acts
as a mediator in association between heavy cleaning and number of decayed teeth. The results are
also in line with a study conducted by Avlund et al. (2004) that concluded that those who needed
help in laundry were at higher risk of coronal and root caries (Avlund et al. 2004). Study conducted
by Chalmers et al. (2002) also found a positive association between functional inability (ADL and
IADL) and risk of coronal and root caries, however, the study was based on nursing home residents
who were functionally very dependent, cognitively impaired, behaviorally difficult and medically
compromised older adults (Chalmers et al. 2002).
Similar to the study conducted by Jette et al. (1993), this study could not find any differences in the
mean number of teeth with deepened periodontal pockets ≥4mm according to the level of functional
capacity using ADL.
The present study concluded a positive association between functional capacity and oral health
using IADL and the number of teeth with deepened periodontal pockets ≥4mm as an indicator of
functional capacity and oral health. Some tasks related to IADL for instance, inability to do
cooking, laundry and heavy cleaning were positively associated with an increased mean number of
teeth with deepened periodontal pockets ≥4mm. Moreover, similar to the association of heavy
cleaning with the number of decayed teeth, oral hygiene and dental behavior act as a mediator in an
association of inability to do heavy cleaning and risk of deep periodontal pockets ≥4mm. The
results are also in line with the study conducted by Yu et al. (2011) that found a positive association
between difficulties in IADL and the risk of severe periodontitis (Yu et al. 2011). However, in this
study inability to walk 100 meters with 5kg weight was oddly found to be protective against the risk
of deepened periodontal pockets, which means that those who were unable to walk 100 meters with
5kg weight, were at a decreased risk of deepened periodontal pockets ≥4mm. This contradictory
result might be because 85% of the participants unable to walk 100 meters with 5kg were females.
According to Suominen and colleagues (2008), Finnish women have better oral hygiene habits than
men. Secondly, those participants had on average fewer number of teeth with plaque than
participants who had difficulty in any other IADL task.
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6.3

Strengths and weaknesses

The longitudinal design of the study is its utmost strength. Previous studies associating functional
ability and oral health were mostly conducted on institutionalized elderly people, people with
cognitive problems and patients with Alzheimer’s disease. Moreover, most of the previous studies
that were conducted on participants with intact cognitive function were performed on homedwelling elderly people. Therefore, this study is representative of the general population including
community-dwelling as well as institutionalized young, middle-aged and elderly people.
The study considered several, e.g. sociodemographic, behavioral and other confounding variables
used in previous studies and have adjusted for additional confounders in data analysis, which
reduced the risk of bias. This study has analyzed the entire task in Lawton & Brody’s IADL scale
separately; this has given an added advantage in not only associating IADL with caries and
periodontitis but also identifying the specific tasks, which are sensitive to determine functional
limitation in people.
Overall participation rate in the Health 2011 Survey was low as compared to the Health 2000
Survey. Participation rate in the Health 2011 Survey clinical oral examination was 41% i.e. 38% in
the southern and 45% in the northern part of Finland. The follow-up clinical oral examination was
conducted only in the southern and northern parts of Finland therefore; the final sample size was
small and may not be representative of the entire population. This weakness in data collection might
have affected the results.
Moreover, the participants who were unable to attend clinical oral examination due to difficulties in
physical or cognitive functioning were provided with home-based clinical oral examinations in
Health 2000 Survey in which measurement for caries and periodontitis were not included. This
might be the biggest weakness of the study in terms of representativeness of the population, as the
people who experienced extreme difficulties in functional abilities and needed major support for
daily functioning may remain excluded in this study. This might also be the reason for no
significant associations between functional capacity and oral health using ADL and decayed teeth
and teeth with deepened periodontal pockets ≥4mm. Most of them who participated in the clinical
oral examination had no difficulty or minor difficulty in everyday functioning (ADL). As the
majority of the sample had no or minor difficulty and only smaller numbers had major difficulty or
were unable to perform some of the tasks, therefore, this might have resulted in no association
between ADL and oral health. This study was unable to adjust for Mini Mental state examination
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score (MMSE) due to large missing values in the data and hence, this might have produced
confounding effects. Also, this study analyzed the association between exposure and outcome at
only two points of time, therefore, further studies are required in which participants are followed up
after every few years to determine changes in functional capacity as well as its effect on oral health.
6.4

Importance of the study

To the best of our knowledge, to date, this is the first longitudinal study that assessed functional
ability and its association with oral health among the Finnish adult population. Additionally, the
study analyzed each activity of ADL and IADL scale separately with aspects of oral health, which
presents the idea that all of these activities are important in analyzing functional status of an
individual and should be used as a set of activities rather than individually to identify people who
need help and will in future be at-risk of poor oral health. This study also showed that IADL is an
important indicator of functional capacity, as the process of functional disability starts with
difficulties in IADL which makes it difficult to access health care services and increases the risk of
poor oral health. This study also shows that periodontitis is a good indicator for poor oral health
among the Finnish adult population because this is the most prevalent dental health problem among
the Finnish population.
6.5

Implications for clinicians and policymakers

Dental practitioners are often more concerned about chronic diseases and the use of medications
while undergoing a patient’s history and often overlook the physical functional ability of an
individual. This study has highlighted the importance of considering the functional ability of an
individual as it can predict future oral health problems. As the literature supports the evidence that
functional disability increases with increasing age thus, it is extremely important to examine the
functional capacity of an individual in old age to predict their future risk of poor oral health. Since,
if they are unable to perform daily routine tasks, it might be possible that they may have some
difficulty in performing oral hygiene procedures such as removing plaque which can lead to caries,
gingivitis and ultimately periodontitis. The findings of this study, along with the evidence from
previous studies urge policymakers to actively pay attention regarding oral health issues of people
with functional limitations and, provide them enough assistance that may enhance their oral health
and quality of life.
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CONCLUSION

This study investigated the longitudinal association between functional capacity and oral health
particularly the association of inability to perform ADL and IADL with the risk of decayed teeth
and deepened periodontal pockets ≥4mm among adult Finnish population.
The study found a significant association of functional ability with the risk of poor oral health
among the Finnish adult population using IADL as an indicator of poor functional capacity. The
present study concludes that IADL is an important indicator of functional capacity since functional
disability starts with difficulties in IADL and can be detected at the start of aging. Besides,
difficulties in ADL starts late in life after the appearance of difficulties in IADL and are, therefore,
can be an important indicator of poor functional capacity in elderly people. Moreover, all activities
in the ADL and IADL scale, that indicates the functional capacity of an individual is important and
must be used as a set rather than individually to assess future risk of poor oral health. Furthermore,
periodontitis is the most prevalent oral health problem among the Finnish population and thus, an
important indicator of poor oral health among them.
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RECOMMENDATION FOR FUTURE STUDIES

Based on the results of this study, it could be assumed that poor functional capacity (i.e. IADL) has
an association with decayed teeth and teeth with deepened periodontal pockets ≥4mm and can be a
predictor of poor oral health. However, due to the limitations of this study more longitudinal studies
are needed on different populations with large sample sizes including homebound elderly people
with limitations in the functional capacity to attain a more definitive conclusion about the
association of functional capacity with oral health to prove causality. Further longitudinal studies
can be performed using different measures of functional ability such as mobility and handgrip
strength to determine the association of functional ability with caries and periodontitis and to assess
the most appropriate and reliable method that can measure functional inability and its effects on oral
health.
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