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ABSTRACT 
 

The relationship between nutrition, oral health, and functional ability has not been well 

investigated.  The purpose of this research was to examine the associations between functional 

ability, dentition status, and the intake of specific dietary components in a group of homebound 

older adults.  This cross-sectional study was a secondary analysis of data from a longitudinal 

study investigating causes of under eating in homebound older adults.  

Descriptive statistics, correlation and linear regression analyses were conducted.  

Participants’ baseline physical function summary score, a proxy measure for functional ability, 

was the dependent variable.  Mean dietary intakes of energy, protein, calcium, phosphorus, 

vitamin C, vitamin D, vitamin K, and the mean oral health index summary score were the 

independent variables.  Average age of the 230 participants was 79.1 ± 8.6 years.  The study 

population was 79% female, 62% Caucasian, and 38% African American. 

Statistical analysis revealed that physical function was significantly (p < .05) correlated 

with participants’ oral health score and vitamin K intake.  The oral health score was a single 

number representing an assessment of multiple factors including chewing, swallowing, pain, dry 

mouth, denture use, and number of remaining natural teeth.  A lower oral health summary score 

was indicative of better overall oral health.  Therefore, the negative association between the 

physical function score and oral health score meant that as physical function improved oral 

health improved and vice versa.  The oral health score and vitamin K intake were also the only 

variables to significantly predict physical function in the final linear regression.   
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These results provide interesting insight into the impact of nutrition and dentition on 

homebound older adult functional ability and offer guidance for future research.  This study 

highlights a need for additional research especially in the homebound segment of the older adult 

population to better understand the scope of their needs.  There is also a need for consistency in 

defining, measuring, and researching older adult functional ability.  Finally, future research must 

be carefully designed to provide useful results that address homebound older adult nutritional, 

dental, and functional needs, and their quality of life. 
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p  Probability associated with the occurrence under the null hypothesis of a value as 

extreme as or more extreme than the observed value  

α Value that defines the limits for rejecting a null hypothesis 

g Gram, a unit of measure of weight 

H01 Hypothesis 1  

kcal Kilocalories, a unit of measure of energy 

mg Milligram, a unit of measure of weight 

mcg Microgram, a unit of measure of weight 

< Less than 

> Greater than 

≤ Less than or equal to 

≥ Greater than or equal to 

=  Equal to 

± Plus or minus a value 

% Percent 
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CHAPTER 1 

INTRODUCTION 

For the last thirty years the Surgeon General’s Office has directed the United States’ 

national public health policy through the Healthy People reports.  Improving the length and 

quality of life is one of the two primary public health goals set forth in the most recent report, 

Healthy People 2010.1  “Quality of life reflects a general sense of happiness and satisfaction with 

our lives and environment.  General quality of life encompasses all aspects of life, including 

health, recreation, culture, rights, values, beliefs, aspirations, and the conditions that support a 

life containing the elements.”1(p. 10) However most Americans rate their quality of life based on 

their individual physical health status and their ability to function independently.2 A negative 

trend in data from the National Center for Chronic Disease Prevention and Health Promotion of 

the Centers for Disease Control and Prevention (CDC) suggests the nation is headed in the 

wrong direction.  From 1993 to 2007 there were annual increases in the percentage of Americans 

reporting poor health or limited physical activity.2 Examples of factors that influence physical 

health and functional independence include chronic illnesses and diseases, like diabetes and 

arthritis, disability due to physical or mental limitations, inadequate nutrition, and poor oral 

health.2 

Longevity poses a great challenge to the quality of life goal of Healthy People 2010.  The 

longer a person lives, the more likely it is that they will be diagnosed with a chronic illness.  As a 

result of their longevity, older adults (persons 65 years of age and older) tend to have higher rates 

of chronic illness and functional limitation than other age groups in the United States (US) 
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population.  It is the combination of chronic illness and age-related changes, such as changes in 

oral health, vision, and hearing that causes health and functional decline which subsequently 

decreases the quality of life for many in this group.3 

The rapidly growing older adult segment of the population is primarily comprised of 

aging baby-boomers (persons born after the end of World War II from 1946-1964).3 This 

generation of older adults continues their legacy of challenging established norms within the 

society.  A prime example of this is the 24% decline in nursing home residency rates that has 

occurred over the last 19 years, despite the growing number of older adults.3 Today, instead of 

choosing to reside in nursing homes, as many of their predecessors have done, many older adults 

are choosing to age in place [italics added].  The term aging in place means that older adults 

remain living where they have lived most of their adult years, in a non-healthcare environment 

with access to the products and services they need so they do not have to move when their 

circumstances change.4    

As the number of older adults living in their homes increases, the number of homebound 

older adults [italics added] within this segment of the population also increases.  While there 

may be many reasons an older adult is homebound,5 the medical perspective of a homebound 

older adult is a person who may be recovering from surgery or who is being treated for an illness 

or receiving long-term therapeutic medical services at home rather than in a hospital or nursing 

home; medical care for this individual is directed by a physician, delivered by a home health care 

company, and paid for by Medicare.6 A homebound individual is not necessarily bed-bound, but 

usually has difficulty performing one or more activities necessary for independent functioning.6,7    

This trend to remain living at home in familiar surroundings is forcing changes to the 

way health care services are delivered, creating a pressing need to improve and develop 

treatment interventions to slow or prevent health declines in older Americans.4 In order for 
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homebound older adults to experience a good quality of life, strategies that delay the 

development of chronic illnesses and physical disability must be developed.  Preventive 

measures, focusing on good nutrition and oral health with effective interventions, are central to 

such health and wellness efforts.     

A review by Amarantos and colleagues8 provided an overview of the relationships 

between nutrition, functional status, and quality of life in an older adult.  They explained that 

older adults might change their dietary intake because of diminished senses of taste and smell, 

oral health, and digestive problems.  A sub-optimal nutritional intake impacts physical stamina 

and ability, often causing weakness, which results in the inability to function independently, 

thereby leading to disability.  Although the real-life experiences of older adults are more 

complex than the example, the review showed the interconnectedness of oral health, nutrition, 

functional status, and quality of life.8   Research results from studies specific to homebound older 

adults revealed that 27% had inadequate intakes of six or more nutrients,9 and there were 

significant associations between lower extremity physical performance (a measure indicative of 

functional ability), nutrient intake, and body mass index (BMI).10 Physical performance declined 

with lower nutrient intakes and higher BMI scores.10 With respect to oral health, it has been 

shown that homebound older adults with higher body weights tended to have no chewing or 

swallowing problems; this finding was consistent with earlier research showing a relationship 

between dental disease and poor nutrition in older adults.11 In contrast, an investigation of factors 

associated with under-eating in homebound older adults showed that neither oral health nor 

functional status significantly contributed to under-eating.5 So, while it appears that both 

nutrition and oral health play pivotal roles in the functional ability of homebound older adults, 

research involving all three factors is limited.  The purpose of this research was to evaluate the 

significance of relationships between dietary intake, oral health, and functional ability in a group 
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of homebound older adults.  Such findings offer the potential for future developments to improve 

the quality of life within this segment of the older adult population.   

RESEARCH OBJECTIVE & HYPOTHESES 

The objective of this research was to determine if there are any associations between 

functional ability, oral health status, and dietary intake of select nutrients in a group of 

homebound older adults.  The goal was to identify significant correlations among the variables 

and identify those that predicted functional ability level.   The select nutritional variables that 

were investigated included:  energy, protein, calcium, phosphorus, vitamin C, vitamin D, and 

vitamin K.  The research addressed the following questions: 

1. Are there any significant associations between functional ability and oral health status 

and dietary intake of select nutrients in a group of homebound older adults? 

2. Which, if any, variables predict functional ability? 

The research hypotheses that were tested were as follows: 

H01:  There are no significant associations between functional ability level and oral health 

status or nutrient intake levels in a group of homebound older adults.  

H02:  There are no study variables that significantly predict functional ability level. 
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CHAPTER 2 

LITERATURE REVIEW 
 

The longevity of the rapidly growing older adult segment of the US population presents a 

significant challenge to the goal of improving or increasing quality of life set forth by Healthy 

People 2010.1 Quality of life is a subjective measure of each individual.  Quite simply, the longer 

a person lives the more likely it is he or she will be diagnosed with a chronic illness or disease 

that will negatively affect their health.  An older adult whose health has declined such that they 

no longer function independently is more likely to report dissatisfaction with their quality of 

life.8 Limitations in functional ability significantly impact older adult quality of life.   In 2005, 

more than 40% of adults over the age of 65 reported some kind of limitation in their functional 

ability.3 Falls and chronic health conditions can cause a wide range of physical disabilities and 

are two factors frequently associated with older adult functional limitation and decline.   Changes 

in oral health, vision, and hearing also contribute to decreasing functional independence and 

decline.3 Tooth loss is often considered a natural part of aging, but that is not quite true because 

the detection and treatment of oral health problems that cause tooth loss may delay or prevent 

edentulism.3 In 2006, about half of older men and one-third of older women reported problems 

with their hearing; 20% of adults over the age of 65, and 30% of those over the age of 85 

reported some kind of vision problem.3 However, current Medicare insurance coverage does not 

extend to hearing, vision, or dental services. The only way older adults can obtain new glasses or 

hearing aids or receive routine dental treatment is to pay for such services out of their private 
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funds.  In many cases, older adult family members, charitable organizations, and/or community 

agencies pay for these non-Medicare covered services.3     

In the last 20 years, as the number of older adults with chronic health problems and 

functional limitations has increased, there have been changes in the way these older adults 

receive health care services.   Traditionally, when an older adult required long term medical care 

or rehabilitative treatment, such as speech, physical or occupational therapy, these services were 

provided in a rehabilitation hospital or nursing home.  The emerging trend has been for older 

adults to receive on-going medical care at home, causing an increase in the number of 

homebound older adults within the older adult population.  In a medical context, a homebound 

older adult is one who is receiving health care services at home rather than in a hospital or 

nursing home; medical care for a homebound older adult is directed by a physician, delivered by 

a home health care company, and paid for by Medicare.6 A homebound person does not have to 

be bed-bound, but is usually limited in his or her ability to perform one or more of the activities 

required to live independently.  Some examples of the types of activities necessary for 

independent living are:  being able to shop for food and prepare meals, being able to transfer 

from the bed to the chair, and being able to dress oneself.6,7 The 2000 Census estimated roughly 

23% of adults over the age of 65 had at least one physical disability that made it difficult to leave 

their home, and as age increased, the number of disabilities also increased.12 As more older 

adults choose to age in place, which is interpreted as living where they have lived for years in a 

familiar, non-institutionalized setting, the number of homebound older adults is expected to 

increase.4 This growing segment of the older adult population has not been well studied and there 

are many unknowns, especially with respect to “increasing the quality and years of healthy life,” 

a primary goal of Healthy People 2010.1(p. 2) The following literature review focuses on current 

research that examines the relationships between functional ability, nutrition, and oral health. 
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Special attention is given to research investigations that are specific to the homebound segment 

of the older adult population. 

PREVALENCE 

A recent government report revealed that in 2006 there were about 37 million adults over 

the age of 65, comprising roughly 12% of the total US population.  There are projections this 

number will double to as many as 71 million, or 19% of the US population by 2030, when the 

baby-boomers start to turn 65 years old.3,13 After 2030, the number of people over the age of 65 

will level off, while the number of those 85 years of age and older will increase because of the 

aging baby-boomers.   

The group of homebound older adults is a segment within the older adult population.  The 

number of older adults who receive home health care services under the Medicare insurance 

benefit determines their prevalence in the population.  There were 2.8 million homebound within 

the older adult population in 2004.14 Although the homebound represent less than 10% of the 

older adult portion of the population, a 2006 Congressional Report revealed that the annual 6% 

growth in the number of homebound from 2003 to 2004 outpaced the growth of the entire older 

adult portion of the population during the same time period.15   

FUNCTIONAL ABILITY  

Functional ability is a term with several synonyms including functional status and 

functional capacity.  The term relates to a person’s physical and mental ability or capacity to 

independently carry out their daily life routine.8 Since independent function encompasses several 

domains (cognitive, physical, and social), there is wide variety among the tools used to measure 

this indicator.  However, it is most often measured in terms of a person’s ability to perform tasks 

that are categorized as either instrumental activities of daily living (IADLs) or activities of daily 

living (ADLs).  Tasks in the IADL group consist of light housekeeping, using the telephone, 
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grocery shopping, and cooking; those in the ADL group are those tasks that support basic 

survival, consisting of eating, bathing, toileting, walking, dressing, and getting in or out of a 

chair.6,8 In addition to ADLs and IADLs, five very important measures of physical ability 

contribute greatly to older adult functional independence.  These include the ability to:  stoop and 

kneel, reach over head, write, walk 2-3 blocks, and lift 10 pounds.  In 2005, 32% of older women 

were unable to perform at least one of these physical tests compared to only 19% of older men.3 

Research suggested that physical decline, combined with changes in cognition and environment, 

lead to decreased ability to perform ADLs and IADLs, which lead to disability.  The pattern of 

decline had a tendency to be cyclic rather than linear, the overall trend with time was reduced 

function and increased sedentary activity, causing functional decline which lead to increased risk 

for falls and injury.16 

Although arthritis affects close to 59% of older adult men and women and is the primary 

health condition associated with functional limitations in older adults, falls are the single biggest 

cause of functional impairment and decline.3 Falls are also the leading cause of injury death for 

adults over the age of 65.3,17,18 From their analysis of the 2006 Behavioral Risk Factor 

Surveillance System (BRFSS) survey data, experts from the CDC estimated that roughly 1.8 

million (5%) of older adults experienced some type of fall-related injury in 2006.18 Falls cause 

most of the non-fatal injuries for older adults and are the reason for most trauma-related hospital 

admissions.  Fall-related hospitalizations occur five times more frequently than any other reason 

for hospitalization in this age group17 because 10 to 20% of fall-related injuries result in either 

fracture or head trauma.19 Hip fracture is the most serious fall-related injury. Data from research 

conducted in the early 1990s showed that of all the older adults hospitalized for hip fracture, only 

50% were able to return to their homes or live independently after their fall.17 The trauma was so 

severe in the remaining group of older adults hospitalized with hip fracture, they never regained 
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their former level of function and had to either move in with family or into a nursing home or 

other type of institutional setting.17  

Falls research data revealed there were numerous risk factors for falls in older adults; the 

list included, but was not limited to:  older age, female gender, history of previous falls, lack of 

physical activity, use of multiple medications, depression, lower extremity weakness, vision 

impairment, and gait imbalance.16,17,19,20 Evidence from a very small study with 30 homebound 

subjects, showing that the balance ability of fallers was no different from the balance ability of 

non-fallers, suggested that being homebound was a potential cause of older adult falls.16 In a 

recent study investigating the consequences of falling, researchers found a significant association 

between female gender and all measured consequences of falls, including increased health care 

utilization and decreased functional ability.21   

Runge and Hunter22 advocated that older adult functional decline could be delayed if an 

easy-to-administer, research-based fall risk assessment of older adults could be developed and 

incorporated into older adult medical check-up examinations.22 The reviewers supported the idea 

of annual assessment so that interventions could be implemented to prevent falls to delay, reduce 

and possibly prevent older adult functional decline.  In their review, they cited mobility as the 

single most predictive measure of functional decline.  “Locomotor limitations are consistently 

and strongly correlated with falls, hip fractures, frailty, immobility and disability, which are all 

intertwined in a common pathogenic pathway.”22(p. 167) They proposed the idea that “locomotor 

falls” are a “pre-cursor to disability,” and are, “simultaneously the cause, consequence and early 

indicator of the disabling process.”22(p. 167) The relationship between locomotion, muscle function 

and osteoporosis is explained in the following sentence:  “Whereas limitations of muscle power 

generate falls, decreased loading of bones, i.e., decreased muscle force, determines reduction of 

bone strength.”22(p. 167) These relationships between muscle function, mobility and bone health 
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revealed the importance of the “muscle-bone-unit” in older adult functional ability and supported 

the reviewer’s idea of making fall risk assessment a routine part of older adult medical care.22    

A different research review presented strong, positive evidence that physical activity 

improved older adult muscle strength, balance and coordination—important factors that 

contribute to fall avoidance.23 The evidence that physical activity reduced the number of falls 

was inconsistent; data revealed that physical activity “seemed” to reduce the number of falls 

among community dwelling older adults, but not among institutionalized older adults.  The 

authors suggested the reason for the difference was that the institutionalized older adults were 

too sick or too high risk to participate in physical activities.23    

A psychological component accompanies the physical component of falling.  This 

psychological impact of falling extends to both older adults who fall and those who do not fall.  

Both groups can and do develop a fear of falling (FOF) causing many to limit their activities, 

which reduces their mobility and physical fitness level resulting in increased risk for falling.  

Older adults’ FOF combined with mobility and physical fitness declines lead to reduced social 

and physical functioning, which negatively impacted their health causing a diminished quality of 

life.19 Several longitudinal studies documented associations between older adult FOF and 

functional ability, and some also uncovered associations with nutrition.24-26   

The InCHIANTI study was a large epidemiological study, conducted in the Chianti 

region of Italy, investigating issues related to aging and disability in a cohort of older men and 

women.24 The goals of the study by Deshpande and colleagues24 were to evaluate how much 

older adults restricted their activities due to their FOF, and to determine if participants’ FOF was 

associated with either their self-reported disability or study-measured decline in physical 

performance after 3 years.24 At baseline, ADL measures were similar for all study participants 

and only the 15% who severely restricted their activity due to FOF had significantly worse IADL 
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and physical performance measures.24 At the three-year follow-up, there was evidence of decline 

in ADLs, IADLs, and physical performance tests for all participants.24 Multivariate analysis, 

controlling for age, sex and BMI revealed that severe activity restriction was a significant 

independent predictor of both ADL disability and decline in physical performance.  The analysis 

also showed that both moderate and severe activity restriction were significant independent risk 

factors for IADL decline.24 Similar findings of significance between mobility deficits and older 

adult FOF were documented in a large Australian study, which also found new onset FOF with 

advancing age.25 In contrast, Martin and colleagues26 evaluated activity limitation, FOF, and 

functional capacity in a cohort of young-old [italics added] female study participants who had 

been followed for 11 years; average age was 64.2 ± 6 years.26 Study results revealed a significant 

association between activity limitation due to FOF and both mild and moderate reductions in 

functional ability in 10% of study participants.26 These research findings support the importance 

of physical activity and mobility to functional ability level, regardless of age.  Because falls and 

fear of falling reduce older adult activity and mobility, functional decline results.  Accompanying 

problems with nutrition and oral health further exacerbate this decline. 

As with most living things, humans require an energy source for basic function and 

survival.  Food provides that energy source in the form of calories derived from the 

macronutrients:  proteins, fats, and carbohydrates.  Food is also a source of micronutrients, 

vitamins and minerals, each of which has a specific functional or structural role in human 

growth, development, and maintenance.  Quite often, older adults have a sub-optimal dietary 

intake because of economic, social, environmental, medical, and/or physical reasons.5 While 

dietary intake is modifiable and research has shown that nutritional status can be improved with 

interventions such as Meals on Wheels and between-meal supplements, improved nutritional 

status does not necessarily translate into improved older adult functional ability.8,27 Nutrition 
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research continues in an effort to reveal the mechanisms or nutrients that may cause the 

development of certain chronic illnesses and functional changes that occur as part of the aging 

process.27 The following section reviews select macro- and micronutrients pertinent to older 

adult health and function in more detail.   

NUTRITION 

 For the past several decades much of the research investigating functional ability and 

nutrition focused on falls, fractures, osteoporosis, and bone health.17,19 As a result, there is an 

abundance of information on select macro- and micronutrients because of their relationship to 

specific health issues or functional conditions.  The following is a brief overview of the role and 

function of select nutrients pertaining to this thesis research including:  energy (kilocalories), 

protein, calcium, phosphorus, vitamin C, vitamin D, and vitamin K. 

 Energy:  All foods, with the exception of some beverages, yield energy in the form of 

calories obtained from proteins, fats, and/or carbohydrates.  Energy is necessary to sustain 

human life, because it is necessary for the growth, development, maintenance, and repair of all 

the tissues that make up the human body.   The human body is comprised of lean tissue (muscle 

and bone), fat tissue, and water; the combination of these components determines body weight.28   

In order to have a good or optimal level of function, a person must maintain an adequate and 

balanced intake of energy to support his/her skeletal and muscular function.  For example, 

research revealed a positive association between bone mineral density (BMD) and body weight, 

noting increases in BMD with weight gain and decreases in BMD with weight loss.29 

Researchers believed the gains and losses were the result of weight bearing forces on the 

skeleton.  Anorexia nervosa is a condition in which low body weight causes decreased BMD.  

With anorexia nervosa, intake of most nutrients is inadequate and osteoporotic fractures are 

common due to very low BMD.29   
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 The relationships between energy intake, body weight, and muscle function in older 

adults are complex and usually quite different from children and young adults.  Sometimes, as 

people age, energy intake declines, resulting in weight loss; weight loss can cause decreased 

stamina and endurance, causing physical activity levels to decline as well.  The combination of 

weight loss and decreased physical activity causes reduced muscle mass and strength which can 

cause mobility problems that lead to disability.16,28  

Protein:  Protein has several roles in human nutrition.  It is a component of all human 

cells, particularly bone and muscle.28 Appropriate protein intake plays a significant role in bone 

health.  Research is inconsistent with respect to the amount of protein in the diet and bone 

demineralization increasing the risk for fracture.29 In their review, Ilich and Kerstetter 29 stated 

that some studies showed positive associations between protein intake and BMD, while other 

studies gave evidence of increased fracture rates among those eating high protein diets.  

However, the evidence showing the detrimental effects of a low dietary protein intake is more 

consistent.29 Low dietary protein intake, 0.7 to 0.8 grams/kilogram body weight, resulted in 

decreased BMD; when supplemented with additional dietary protein, bone density improved, 

showing a reduction in bone loss after one year.29 The suggested optimal level of intake in this 

review is 1.0 to 1.5 grams of protein per kilogram of body weight.29  

Protein is also especially important in older adult nutrition because of the condition 

known as sarcopenia.30  “Sarcopenia is the involuntary decline in lean muscle mass, strength and 

function that occurs with aging.  Sarcopenia increases the risk of disability and loss of functional 

capacity in the elderly…”30(p. 140S) While research has yet to determine the exact cause(s) for the 

condition, poor nutrition and decreased mobility have been shown to be contributing factors.30 

Muscle atrophy occurs when there is a disruption in the balance of synthesis and breakdown.30 In 

their review, Dreyer and Volpi30 stated that research investigations attempting to demonstrate 
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improvements in older adult muscle mass and strength through the use of mixed nutrient 

supplements have yielded differing results.  The reviewers noted the research results revealed 

that resistance training alone improved muscle mass and strength compared to resistance training 

and administration of a mixed nutrient supplement.  Dreyer and Volpi30 suggested the difference 

in results was due to calories, explaining that in the study of resistance training and nutritional 

supplement, the investigators reduced the total energy amounts by the number of calories 

contained in the supplement so that participants’ total calorie intake did not increase.  When a 

follow-up study was conducted, increased energy was positively associated with improved 

muscle mass and strength.30  

In light of the above results and in attempt to determine if protein synthesis is affected by 

nutrient composition, Dreyer and Volpi30 investigated the effects of amino acids only versus 

amino acids and glucose together on young adult and older adult subjects.  Their results in older 

adults revealed that the administration of amino acids only increased muscle synthesis and had 

no effect on muscle breakdown; however, when they administered a combination amino acid and 

glucose supplement there was no protein synthesis, but protein breakdown was diminished 

achieving a net response of improved protein balance due to a decrease in muscle catabolism.30 

In younger adults, protein synthesis increased and breakdown was static.30 In discussing the 

different responses between the two groups with the amino acid and glucose combination, 

Dreyer and Volpi30 suggested a possible “age-associated disregulation in the response of muscle 

proteins to insulin.”30(p. 143S)  

Calcium:  Calcium is the most widely distributed and abundant mineral in the human 

body, serving several functional roles.  Calcium’s primary role is to provide structure and 

strength to the bones of the skeleton and to teeth.  Ionized calcium circulates in body fluid and 

serves an important function in muscle contraction.   While a consistent and adequate dietary 
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intake of calcium is important throughout the lifecycle, research has shown that calcium intake is 

extremely important for older adults because of the association with bone health and 

osteoporosis.28   

Calcium’s role in bone health and the development of osteoporosis in relation to falls and 

fractures has been widely studied.29,31,32 The National Osteoporosis Foundation estimated there 

were 10 million Americans with osteoporosis and another 34 million Americans who were at risk 

for developing the disease due to low bone mass.33 The critical time for bone health is in older 

adulthood when hormone levels of estrogen and testosterone decline and cease for women and 

men respectively; 80% of those with osteoporosis are women.29,33   

Phosphorus:  Phosphorus is the second most abundant mineral in the human body, most 

of which (85%), is found in the skeleton.29 Like calcium, phosphorus is found in all cells of the 

body as part of the acid-base buffering system and as part of DNA and RNA, the nucleic acids 

that drive cell development and growth.28 Phosphorus is available in a wide variety of foods 

including most meats, fish, poultry, eggs, dairy, legumes and carbonated beverages.29,31 One 

research review noted increases in dietary phosphorus over the past several decades because of 

the increased use of phosphates in food processing, and the increased consumption of colas and 

carbonated beverages.29 Reviews of the research on the effects of increased dietary intake of 

phosphorus and the effect on calcium homeostasis have failed to show adverse effects on bone 

health in either animal or human studies conducted in the United States.29,31,32 Similarly, research 

on the potential negative effect of excess phosphorus on bones due to increased soda 

consumption has been inconclusive.  Research suggested the best explanation of how increased 

dietary phosphorus intake from carbonated soda impacted bone health was the simple fact that 

soda has replaced milk as a beverage choice, resulting in lowered dietary calcium intake.29,32,34,35 

The concern regarding phosphorus intake in older adults is primarily in relation to its role in 
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bone structure and bone health and the association with osteoporosis, and the subsequent 

associations with older adult falls and functional ability. 

Vitamin D:  Vitamin D in the active form of calcitriol (vitamin D3) plays a critical role in 

calcium absorption and utilization in the body.  Vitamin D functions in concert with parathyroid 

hormone influencing bone turnover to maintain equilibrium in body calcium levels.29,31 With 

sufficient exposure to sunlight, humans manufacture this vitamin, but levels can vary depending 

on age, health status, season of the year, and geography.  Food sources include fatty fish like 

salmon, liver, fish-liver oils like cod-liver oil, and fortified foods such as milk, orange juice and 

breakfast cereals.29,31 Results of vitamin D research studies and bone health have been mixed.  In 

the Study of Osteoporotic Fractures, Cumming and colleagues36 reported vitamin D 

supplementation had no effect on fractures.36 In contrast, in a randomized, double blind trial, 

older adult men and women in the vitamin D treatment group had lower fracture rates than those 

in the placebo group.37   

Several reviews documented research findings of improved lower extremity muscle 

strength with increased serum levels of vitamin D; improved lower extremity muscle strength 

was a fall prevention tactic for older adults.31,38 The reviewers also mentioned randomized 

clinical trials in which there was a significant reduction in the number of falls when participants 

received calcium and vitamin D together.31,38 While research has suggested that higher doses of 

supplemental vitamin D decreases fracture risk in older adults, and the addition of calcium 

improves the effect; increased intakes must be maintained over time for effectiveness, and older 

adults still need to consume a nutrient rich diet of a variety of foods.31 The reviewers also noted 

that vitamin D deficiency was a common problem for older adults, a growing public health 

problem, because many were homebound or institutionalized and got little exposure to sunlight 

to initiate vitamin synthesis in the skin and/or had inadequate diets.  Results from several 
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randomized clinical trials indicated that the administration of high doses of vitamin D, either 

daily or intermittently, was safe and beneficial in reducing the number of bone fractures in older 

adults.31,38 

Vitamin C:  Vitamin C, also known as ascorbic acid, is a water-soluble vitamin with 

multiple physiologic forms functioning both as an enzyme and as an antioxidant.  A primary role 

of vitamin C is in the formation of collagen, the protein matrix onto which calcium and 

phosphorus bind during bone and tooth formation.28 Several research investigations have shown 

positive associations between vitamin C intake and BMD.  Prynne and colleagues39 evaluated the 

BMD scores and dietary intakes of fruits and vegetables and nutrients of adolescent boys and 

girls, young adult women, and older adult men and women.39 They found significant positive 

associations between mineral content and fruit in adolescent boys, girls and older women.39 

However, vitamin C was only significant in adolescent boys.39 And, although the association 

with vitamin C was only found in boys, the evidence was strong enough to suggest a role for the 

vitamin in bone health.39 Results from a longitudinal study of women showed that vitamin C and 

several other nutrients were associated with reduced femoral neck bone loss.40 These and other 

research results formed the basis for the recommendation that dietary intake meet the established 

dietary reference intakes (DRIs) for this vitamin.31 

Vitamin K:  Vitamin K is a fat-soluble vitamin primarily involved in blood clotting.  The 

vitamin does have a role in the development of certain bone proteins; however, its exact role in 

osteoporosis is unclear.28 One review of the research suggested the vitamin’s role was in the 

carboxylation of the bone protein osteocalcin, noting research studies showed associations 

between levels of serum vitamin K and fracture incidences.31 Other evidence suggested that 

individuals with osteoporosis may exhibit vitamin K deficiency and that supplementation 

improves bone status.41  
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FUNCTIONAL ABILITY AND NUTRITION RESEARCH  

There are several important and noteworthy findings from investigations of nutrition and 

functional ability.  While both of these topics are broad and measured with a variety of tools, 

research investigations tend to be very specific.  Therefore, the following research review is 

organized by study design.  Results of investigations involving specific aspects of nutrition and 

functional ability are explained within each study design sub-heading.  Pertinent nutrition and 

functional ability topics that are reviewed include but are not limited to:  nutrient intake 

associations with bone health and fracture risk measured as BMD, dietary intake and disability, 

and the associations between body weight, physical activity levels, falls and FOF.      

Cross-Sectional Studies:  Calcium intake was an important factor of functional ability in 

three of the four studies reviewed.  In one study of Caucasian women evaluating the relationship 

between intake of dietary nutrients and BMD, only energy, calcium, and protein were 

significantly associated with BMD in individual factor and multiple regression analyses.42 In 

another study of Caucasian women investigating BMD, body composition, calcium intake, and 

physical activity, researchers found positive associations between calcium and hip BMD for the 

entire group.43 The data revealed a positive association between level of physical activity and 

BMD.43 It also showed that increasing age was associated with decreases in BMD and lean body 

mass.43 In a large study of Brazilian men and women (average age 58), intakes of calcium, 

vitamin D, magnesium, vitamin K, and vitamin A were all below the DRI amount while protein 

and phosphorus were close to the recommended amount.41 Calcium, phosphorus, and magnesium 

were significantly associated with fractures in women in this study and phosphorus intake was 

independently associated with increased risk of fractures.  The study reported, “…for every 100 

mg of phosphorus intake the risk of fractures increases by 9%.”41(p. 5)  
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In a study examining differences between dietary and serum levels of ascorbic acid, 

BMD, and fractures in men and women, dietary ascorbic acid was the only factor independently 

associated with BMD in premenopausal women; there were no associations with fractures in 

premenopausal women.44 Results for postmenopausal women were quite different.  In 

postmenopausal women with a history of smoking and estrogen use, serum ascorbic acid levels 

were associated with a decrease in reported fractures.44 Conversely, in postmenopausal women 

with no smoking or estrogen use, serum ascorbic acid levels were associated with lower BMD 

levels.44 In men, both dietary and serum ascorbic acid levels were associated with BMD and 

fracture report.44 The researchers noted the inconsistencies in their findings and emphasized the 

need for further investigation.44  

Longitudinal Studies: Two prospective studies revealed distinctively different results 

with respect to calcium and fracture risk.  In one study, calcium was a significant risk factor for 

fracture of the arm and wrist.45 Calcium was not a risk factor for hip fracture in the other study, 

nor was vitamin D, but dietary intake of animal protein was negatively associated with hip 

fracture risk in the participant group of postmenopausal women.46  

An investigation of the prevalence and risk factors associated with vitamin D deficiency 

and disability in older adult women in the US revealed that 6% of higher functioning older 

women and 12% of moderate to severely disabled older women had deficient blood levels of 

vitamin D.47 Black race and older age were both significant risk factors for vitamin D deficiency 

in the most disabled women.47 Significant risk factors in the higher functioning group included 

black race, BMI ≥ 30, increased triceps skinfold thickness, winter season, and elevated serum 

creatinine levels.47  

Results of research investigating the association of vitamin D and fall and fracture risk 

were very different.  British researchers designed a study similar to one conducted in Finland, to 
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investigate the effectiveness of annual injections of vitamin D on reducing fractures in older 

adults.48 Their study was a randomized, double-blind, placebo-controlled trial.  Participants were 

injected once a year with either placebo or a high dose of vitamin D2, ergocalciferol.  Results 

showed the vitamin D injections had no effect in reducing the number of falls or fractures in the 

study population.48 The investigators postulated that the type of vitamin D used may have 

contributed to the lack of significance in the results.48 Blood levels of ergocalciferol declined 

faster than cholecalciferol, which suggested the problem was the type of vitamin D or possibly 

the frequency of injection.48 Following a thorough discussion of other research, these authors 

noted the overwhelming evidence that vitamin D alone was not effective in reducing falls or 

fractures in older adults.48 Results of the study by Prince and colleagues49 supported this 

conclusion.  These investigators conducted a randomized, double-blind, controlled trial in a 

group of Australian women with a history of falls.49 Participants consumed oral doses of vitamin 

D2, ergocalciferol, and calcium or placebo for one year.  Treatment revealed a significant 

reduction in the percentage of participants experiencing one fall; treatment was not significant 

for those with multiple falls.49 Treatment was also more effective in reducing falls that occurred 

in winter when sun exposure is limited.49  

Body weight, measured as BMI, was associated with decreased activity, mobility and 

FOF in the Italian and the Australian studies with older adults.24,25 In the InCHIANTI study, 24% 

of subjects were obese at baseline, with a BMI > 30.  Factors associated with greater activity 

restriction at baseline included higher BMI, symptoms of depression, poorer cognition and lack 

of mobility.  The longitudinal analysis three years later showed decline in participant ADLs, 

IADLs, and physical performance tests, but because the researchers controlled for BMI in the 

longitudinal analysis, there were no conclusions with regard to BMI and FOF from this study.24 

In the Australian study, 24% of participants were obese at baseline, with BMI scores > 30, while 
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only 3.3% were underweight with BMI scores < 20.25 Approximately one-third of participants 

had FOF at baseline; common factors associated with FOF were older age, living alone, 

increased BMI, medications for depression and hypertension, cognitive impairment, slower 

timed-up-and-go (TUG) score, poor balance, use of a walking aid, and little physical activity.25 

At the three-year follow-up, almost half the cohort reported FOF, a 12% increase from 

baseline.25 There was a significant association with BMI in the persistent FOF group; BMI and 

TUG scores were both significantly associated as independent risk factors for developing new 

FOF.25 These results were different from previous studies.  The authors suggested a possible 

explanation for the difference in results was due to the fact that their study was the first to 

analyze BMI as a causal factor rather than a control variable.25  

Studies with Homebound Older Adults:  A cross-sectional study published in 2002 

evaluated the adequacy of the dietary intake and highlighted important demographic and health 

related associations to that intake for a group of 345 homebound older adult men and women 

participating in a home-delivered meal program in North Carolina.9 The initial dietary analysis 

revealed the entire study population had intakes below the recommended dietary allowance 

(RDA) or adequate intake (AI) levels for energy, vitamin D, vitamin E, vitamin B6, folate, 

calcium, magnesium, and zinc.9 Analysis by gender showed women had poorer intakes of more 

nutrients compared to men overall.9 Arthritis was the most common health problem, reported by 

78% of the group; osteoporosis was reported by 20% of the participants and was only reported 

by women.9 More than half the sample population reported some kind of oral health problem, 

chewing, swallowing, or mouth pain, but oral health was not a significant factor in the final data 

analysis.9 The three health-related factors included in the multiple regression analysis because 

they were significantly correlated with nutrient intake were:  “diminished sense of taste, physical 

limitation in meal preparation and consumption, and breakfast consumption.” 9(p. 1439) Of these 
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three, only breakfast consumption remained significantly associated with nutrient intake after 

controlling for other variables.9 Skipping breakfast was significantly associated with lower 

intakes of energy, protein, and 12 of 16 vitamins and minerals assessed in the study.9 Several 

points made by the authors were noteworthy and of interest.  First, the researchers contrasted the 

inconsistency between participants’ dietary intakes to their participation in a community home-

delivered prepared meal program.  Second, the authors expressed their concern regarding the 

extremely low intakes of calcium and vitamin D, two nutrients that are very important in older 

adult health.  Third, they discussed potential benefits of breakfast as a second meal for inclusion 

in a home-delivered meal program, especially for the homebound.9   

The same researchers conducted another study in the same group of homebound older 

adult men and women, investigating the relationship between dietary intake of calcium, vitamin 

D, magnesium, and phosphorus, and lower body physical function.10 The investigators selected 

these four nutrients because of their role in muscle function and bone health.10 The researchers 

developed and validated the reliability of their summary musculoskeletal nutrient (SMN) score, 

which was a three category variable of relative nutrient intake. Lower body physical performance 

was assessed via tests measuring balance, walking speed, and the ability to stand up from a 

sitting position, known as a chair stand.  The researchers developed a combined score for 

physical performance, which also was a three category variable.  Obesity, evidenced by BMI ≥ 

30 and ≥ 35, was prevalent in the study population, especially among women.10 Arthritis was the 

most common diagnosis affecting ADLs, and female study subjects frequently reported FOF.10 A 

majority of study subjects consumed less than 70% of the recommended amount of calcium and 

fewer than half the sample consumed the recommended level for vitamin D.10 Compared to men, 

women had significantly lower mean and median relative intakes of calcium, vitamin D, and 

phosphorus.10 According to the study results, significantly more women than men scored “worst” 



 

23 
 

on the physical performance tests; more women than men were also unable to complete the 

physical performance tests.10 Overall results using multivariate analysis showed that the lowest 

SMN intakes and highest BMI scores were significantly associated with worsening scores of 

lower body physical performance; FOF was one of several health-related factors shown to have a 

significant association with worsening lower body physical performance.10 The results of this 

study were important because they revealed associations between dietary intake, body weight, 

and physical performance and older adult functional ability and offered more specific direction 

for future research.10 

A one-year longitudinal study was designed using a random sample from this same group 

of homebound older adults in North Carolina.  The study was designed because of the growing 

public health problem of obesity; the specific goal was to evaluate the effect of BMI on lower 

body physical performance over time.50 At baseline, BMI ≥ 35 (Stage II Obesity) was 

significantly associated with age, race, poor performance on lower body physical tests, and 

several health conditions.50 Analysis at the one-year follow up showed the same BMI ≥ 35 level 

increased the odds up to seven times for poor performance on the lower body physical tests and 

for nursing home admission.50 The odds ratio for poor physical performance was also increased 

by FOF, arthritis, stroke, and age.50 The results of this study were important in that they showed 

the significance of a nutrition related factor (body weight) to older adult functional decline.50 

ORAL HEALTH AND DENTITION  

“The oral cavity serves three essential functions in human physiology: the production of 

speech, the initiation of alimentation, and protection of the host.” 51(p. 1454) In a report to 

Congress, the US Surgeon General suggested that oral health issues, like tooth loss, swallowing 

problems, mouth pain, and periodontal infections are often considered a natural part of aging and 

are frequently considered less important and separate from general health issues.52 There are 
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reports that many older adults will enjoy good general and oral health as they age, but the real 

challenge will be providing good oral health care for those with poor health, those with limited 

financial means, and certain sub-segments like the homebound.53 Thirty percent of adults over 

the age of 65 take prescription and over-the-counter medications; 75-94% of these prescription 

medications have an oral health side effect like dry mouth, altered taste perception, decreased 

saliva flow, and increased risk for involuntary oral movement.53   An Institute of Medicine report 

on functional independence and older adult health indicated that an older person’s ability to chew 

and swallow without pain is a critical piece of information that is often overlooked by health care 

providers and researchers alike when they are assessing older adult health.54 While oral health 

and function often decline rapidly in older adults, thereby negatively impacting their quality of 

life, often little if any attention is paid to oral health issues.51 The following comment from an 

editorial on the 2000 Surgeon General’s Report on Oral Health, provides a good summary, “Oral 

diseases should not be lifelong conditions that compromise quality of life.  Poor oral health 

affects mortality, general health, nutrition, digestion, speech, social mobility, employability, self-

image and esteem, school absences, quality of life, and well-being.”55(p. S82)   

PREVALENCE  

Edentulism, a condition in which a person has no natural teeth, is an oral health indicator 

that is measured in the population.  It is currently estimated that 23% of adults over 65 and 32% 

of those over 85 have no natural teeth.  When compared by income level, edentulism rates are 

dramatically worse; 26% of older adults living above the poverty level and 39% living below the 

poverty level report having no natural teeth.3 While these percentages represent large numbers of 

individuals, edentulism rates continue to slowly decline because of advances in dental treatment 

procedures and greater access to care.56 It is now more common for older adults to encounter 

problems with dental caries (decay), periodontal (gum) disease, dry mouth, and oral cavity 
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lesions.  It is estimated that caries affects roughly 50% of older adult natural teeth;56 dry mouth 

or xerostomia is estimated in 30% of older adults and in 100% of those receiving radiation 

treatment for head and neck cancers.57  

FUNCTIONAL ABILITY AND ORAL HEALTH 

 Oral health status, dental service utilization and physical functioning ability are inter-

connected and, when evaluated together, explain individual behavior. Older adults with chronic 

illnesses who are in poor general health are more focused on the medical issues that limit their 

daily activities and generally do not seek dental care, so their oral health status is 

questionable.58,59 In a randomized, prospective study of older adults in California, dental service 

utilization was associated with declining functional ability.58,59 Poor physical health and 

functional impairments are reasons many older adults do not visit the dentist; more than 10% of 

older adults over the age of 75 need help with ADLs and IADLs.58,59 Fifty percent also report 

limiting their physical activity levels due to chronic physical, mental, or emotional pain.  

Limitations are higher among the poorest older adults.58,59 In contrast, older adults with natural 

teeth are six times more likely to visit the dentist than those without teeth.59 So the advances in 

dental treatment that occurred in the latter half of the twentieth century should result in older 

adults retaining more of their natural teeth and experiencing improved oral health.59   

ORAL HEALTH, DENTITION AND NUTRITION 

“Oral health and nutrition have a synergistic bidirectional relationship.  Oral infectious 

diseases, as well as acute, chronic, and terminal systemic diseases with oral manifestations, 

impact the functional ability to eat as well as diet and nutrition.”60(p. 1418) Unfortunately, nutrition 

is not a routine part of regular dental care and other medical professionals do not routinely 

address dental health issues, so many problems are not addressed or treated.  Since older adults 

are the fastest growing segment of the population, it is quite likely they will experience both oral 
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health and nutrition problems.  Problems that are frequently observed are the loss of natural 

teeth, use of partial or full dentures, chewing and digestion problems, and an inadequate intake of 

calories, protein, and micronutrients.61 When combined, these can result in the loss of total and 

lean body weight, osteoporosis, decreased mobility, functional decline and disability.61 Although 

the amount of research is limited and many studies are cross-sectional in design, there is 

evidence of a strong association between nutrition and oral health.60,62  

In their research review, Ritchie and colleagues62 succinctly defined oral and nutritional 

health and provided a conceptual model (Figure 1) to demonstrate the complexities of their 

relationship and other factors that influenced outcomes.62 

 

Figure 1.  Pathways for Oral-Nutrition Relationship62 (Used with permission, Appendix A) 

 

 

In the conceptual model the determinants of oral health are the health of the teeth, gums, and 

jaw, along with the operational status of the salivary, taste, and pain functions in the oral cavity.  
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The determinants of nutritional health are diet quality, diet quantity, and individual nutritional 

status, that is lean mass, fat mass, and serum nutrient levels.62 As the model shows, individual 

human behavior is largely responsible for the outcome of these oral and nutritional factors.  For 

example, poor oral hygiene can lead to tooth loss causing chewing problems that can impact diet 

quality, through the elimination of certain foods and their nutrients, and diet quantity, especially 

if there is pain due to the tooth loss.  From their review of studies, Ritchie and colleagues62 

concluded the evidence suggested that tooth loss negatively impacted the nutrient quality of the 

diet because of a decrease in the fruit and vegetable (often hard to chew) intake.62 Although in 

this same review, Ritchie and colleagues62 documented finding mixed results regarding research 

investigating the effect of dentures on nutritional intake, they noted that overall there was 

evidence that wearing dentures resulted in a sub-optimal intake of multiple nutrients when 

compared to not wearing dentures and having natural teeth.62 Similarly, their review of the 

research regarding the impact of tooth loss and/or dentures on weight or BMI resulted in mixed 

findings. However, Ritchie and associates62 did point out one study conducted in a community 

dwelling population, in which having no teeth was an independent risk factor for significant 

weight loss, a result that was sustained for over a year.62 The research review by Ritchie and 

colleagues62 also included a review of studies involving other oral health problems such as 

periodontal disease, xerostomia, and altered taste, but the only finding of note was the 

association between dry mouth and poor dietary intake and lower body weight.62   

ORAL HEALTH, DENTITION, AND NUTRITION RESEARCH 

 Cross-Sectional Studies:  Analysis of the information from study participants completing 

both the oral and nutritional examinations, n = 220, revealed an association between the number 

of teeth or denture fit and nutrient adequacy and diet quality.63 Nutrient levels and diet variety 

scores were lower in those with fewer teeth or with ill-fitting lower dentures compared to those 
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whose dentures fit or had their natural teeth.  Specifically, intakes of protein, thiamin, riboflavin, 

pantothenic acid, vitamin D, calcium, iron, magnesium and phosphorus were lower in subjects 

with poor fitting lower dentures, and fewer of these subjects achieved adequacy in their intake of 

vitamin B6, calcium, magnesium and phosphorus.63 Nutrient intake results were similar in a 

larger study conducted in a younger cohort comparing nutritional intake with the number of 

matching pairs of upper and lower back teeth.64 Participants with dentures and those with less 

than 5 matched pairs had lower intakes of vitamin A, carotene, folic acid, and vitamin C; they 

also had lower diet variety scores.64 Findings from both these studies and the earlier research 

review confirm the associations between nutrition and dentition, highlighting the need for further 

research to better understand how they impact older adult health and functional ability. 

 Longitudinal Studies:  A one-year longitudinal study of 181 randomly selected older 

adult men and women compared the nutritional intake and diet quality of those who reported 

persistent chewing and swallowing problems to those who did not.65 A comparison of baseline 

data to one-year follow up data revealed no significant differences in BMI, waist circumference, 

or protein, fat, or carbohydrate intake in the two groups.  Intake of vitamin A and dark yellow 

and green leafy vegetables was lower in those with persistent chewing and swallowing problems; 

this group also had lower diet variety scores, lower dietary fiber intake, and lower vitamins C 

and B6 intake.65 A different one-year study compared dentition status to nutritional intake, body 

weight and composition, and albumin and lipid levels by race.66 Findings revealed that 21% of 

the total study sample were edentulous and most of those with no natural teeth wore dentures and 

had more frequent complaints of chewing pain and decreased appetite.66 Overall analysis 

revealed nutrient intakes above the recommended levels for all nutrients except vitamin E, 

calcium, magnesium, and dietary fiber.66 When compared by dentition status, the edentate 

consumed less than two-thirds of the recommended levels for most nutrients.66 Results also 
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showed no significant differences in weight status or weight change by dentition or race.  

However, results did show that edentate participants were more likely to experience weight gain 

over the course of the year than their dentate counterparts.66 There were also differences between 

dentate and edentate subjects when compared by race.  Among Caucasian participants, the 

edentate had higher intakes of fat than their dentate counterparts, while there were no significant 

differences in fat intake for African American participants.66 Although these two studies were 

dissimilar in size and demographic characteristics, they both revealed a level of compromised 

nutrient intake with impaired dentition warranting further research.    

 Studies with Homebound Older Adults:  Fifty-four percent of the homebound participants 

in a study investigating nutrient intake levels and individual characteristics and health factors 

reported chewing problems, mouth pain, or swallowing problems.9 More women than men 

reported swallowing problems, 30% to 11% respectively.  In addition, 94% of participants who 

reported no chewing issues had missing teeth, and 59% of those wore dentures and reported their 

dentures did not fit properly.  Sharkey and colleagues9 recognized that the oral health issues were 

significantly high and suggested that further research was warranted to elucidate the impact of 

oral health in homebound older adults.9  

ORAL HEALTH, NUTRITION AND FUNCTIONAL ABILITY RESEARCH 

Two of the studies reviewed revealed associations between oral health, nutrition, and 

functional ability, the three areas pertinent to this research.  The earlier of the two was a small 

study of 49 homebound older adults, 94% of whom had BMI scores below 24, more than half 

had oral health problems, and almost 20% had inadequate serum albumin levels.11 There was a 

positive association between low albumin, older age, wearing of dentures, and ADL 

dependence.11   Oral health problems were also associated with lower BMI levels, leading to the 

conclusion that oral health impacted the nutritional status of homebound older adults.11 In their 



 

30 
 

research, Bartali and colleagues67 compared nutritional intakes to nutrition-related ADLs; 

difficulty chewing was one of several nutrition-related ADLs in this study.67 Results showed that 

intake of easy to chew foods that required little cooking, like soup, crackers, and Melba toast 

were higher in the older age groups in this study.  Multivariate analysis of the nutrition-related 

ADLs showed that each was a predictor of inadequate energy intake and that chewing difficulty 

was the strongest predictor for inadequate vitamin C intake in the study population.67 The 

importance of the similarity in the findings between these dissimilar studies is the relationship 

between oral health, nutrition and functional ability and their combined effect on the health and 

well being of older adults. 

 The foregoing literature review reveals that current scientific research provides evidence 

of associations between the three areas of interest pertinent to this investigation.  However, very 

few studies include all three areas, functional ability, nutrition, and dentition, or focus 

specifically on homebound older adults, obviating the need for this thesis research.  Methods of 

the original study and the secondary analysis are explained in Chapter 3.
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CHAPTER 3  
 

METHODS 
 
 This research was a secondary analysis of cross-sectional data derived from a 

longitudinal study of factors associated with under-eating in homebound older adults conducted 

by Locher and colleagues.5  

DESIGN 
 
 In the original study, trained interviewers conducted in-home visits with homebound 

participants to administer study-related questionnaires, to obtain anthropometric data, and to 

inspect food storage and preparation areas, including refrigerator space and service utensils.  

During these home visits, participants completed an initial 24-hour dietary recall survey.  

Interviewers conducted two subsequent 24-hour dietary recall interviews with participants by 

telephone in the two weeks following the initial home visit; at least one day of the weekend was 

included in the 24-hour recalls to ensure an accurate overall dietary intake was measured.  All 

other data were collected at baseline and two six-month follow-up intervals.  The study was 

reviewed and approved by the Institutional Review Board at the University of Alabama at 

Birmingham prior to any study activity.5 

 This study, a secondary analysis of the baseline data from the study by Locher and 

associates,5 investigated associations between functional ability, nutrition, and oral health in 

homebound older adults.   The study was a cross-sectional analysis of specific, select variables 

from the original study.  Review and approval by the Institutional Review Boards at both The 
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University of Alabama and the University of Alabama at Birmingham were received prior to any 

data analysis in the current study. 

SUBJECTS 

Participants in the original study conducted by Locher and colleagues5 were 238 

homebound older adult men and women in Birmingham, Alabama.5 All participants were 

receiving home health care services as some participants had recently been discharged from the 

hospital.  To be eligible for the study, participants had to be living in the community in a private 

residence and had to be able to verbally communicate or have a caregiver communicate for them 

in English.  Participants had to score ≥ 24 on a test of cognitive ability (Mini-Mental State 

Examination, MMSE) if they lived alone; scores for those with a caregiver had to be ≥ 15.   

Participants had to be able to consume food by mouth; tube feeding was not allowed.  

Participants with terminal diagnoses were ineligible for the study.5 

Study participants were recruited from home health care agencies, an in-patient hospital 

rehabilitation unit, and local churches in the Birmingham area; those involved in recruitment 

were aware of study eligibility criteria.5   

MEASURES 
 
 In the original study, nutrient data from the three 24-hour dietary recall interviews were 

averaged for each participant and then analyzed using a dietary software package.5 

Anthropometric measures were obtained and recorded as part of the Mini Nutritional 

Assessment–MNA68 (Appendix B) during the in-home visits.  Interviewers used a portable scale 

with a vertical ruler to assess the body weight and height of those participants who were able to 

stand upright.  Self-reported weight and height information was used for participants who were 

unable to stand.  Height and weight measures were used to calculate participant BMI scores.  The 



 

33 
 

nutrient and anthropometric information was used to assess whether or not subjects met the study 

definition of under-eating.5 

In the original study, demographic information was collected via self-report on the 

Demographics Questionnaire (Appendix C) at the baseline interview, along with other measures 

of medical, functional, economic, social, oral health, religious, and psychological factors.5 The 

physical function portion of the SF-36v2™© Health Survey, Version 1, QualityMetric, Inc., 

1999,69 (Appendix D) was used to assess and score participants’ functional status.  Oral health 

data were collected and scored using the Oral Health-Related Quality of Life70 measure7 

(Appendix E) that the researchers adapted for the study.  Locher and colleagues5 selected 

measures “…based on their psychometric properties, use in older populations, and particular 

relevance to the research question.”5(p. 226)  

Measures used in the secondary analysis included participant demographic information 

such as age, gender, ethnicity, highest level of education completed, marital status, living 

arrangement, level of food security, and subjects’ participation in the Meals on Wheels Program 

(Appendix C).  A participants’ level of food security was defined as the level of availability of 

food or access to food at all times.5 Dietary intake levels for the selected nutrients were derived 

from information collected during the three 24-hour dietary recall interviews in the original 

study.   

A proxy measure, the physical function subscale score, was used as the measure for 

functional ability in the secondary analysis.  The SF-36v2™© Health Survey69 is comprised of 36 

questions that have been validated to assess functional ability in the older adult population.69 It is 

described as a “generic” tool because it can be used across a broad range of ages and groups; its 

use is not intended for any specific age groups or populations.69 The physical function portion of 

the survey is made up of 10 questions that address specific physical activities such as the ability 
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to walk, to climb stairs and to lift and carry groceries.69 Possible scores for the survey range from 

0 to 100; higher scores equate to better physical function.69 In the parent study, data from the 

physical function portion of the SF-36v2™© Health Survey69 questionnaire (Appendix D) were 

analyzed to provide a single score, the physical function subscale score, representative of 

participants’ baseline level of physical function.   

Baseline oral health summary scores from the original study were used to represent 

participants’ oral health status in the present study.  Researchers in the parent study developed an 

abbreviated Oral Health Quality of Life Questionnaire (Appendix E) based on an existing and 

more detailed oral health tool described elsewhere.70 The adapted tool contained 7 questions 

related to chewing, swallowing, mouth pain, and denture use.  The number of intact natural teeth 

was also measured and recorded on the oral health survey.  Questionnaires were analyzed to 

provide a single oral health summary score ranging from 0 to 9.  A lower score indicated better 

oral health and fewer issues with chewing, swallowing, and/or mouth pain, whereas a higher 

score indicated poorer oral health and more difficulty with chewing, swallowing and/or mouth 

pain. 

DATA ANALYSIS 

 In the secondary analysis, participant demographic data were characterized with 

descriptive statistics including total number, mean, minimum, maximum, standard deviation, and 

percent.  Correlational analyses were used to determine the relationships between physical 

function and the level of dietary intake for each study nutrient, the oral health summary score, 

and demographic characteristics.  Pearson’s correlation coefficients were measured comparing 

the physical performance score to the level of dietary intake of energy, protein, calcium, 

phosphorus, vitamins C, D, and K, the oral health index summary score, BMI, age, gender, 

ethnicity, education level, marital status, living arrangement, level of food security, and Meals on 
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Wheels participation.  Correlation coefficients were considered significant at α = 0.05.   Multiple 

linear regression analyses were also performed.   In the final model, physical performance score 

was the dependent variable; the dietary intake of energy, protein, calcium, phosphorus, vitamins 

C, D, and K, and the oral health index summary score were the independent variables.  All data 

were analyzed using SPSS (version 17.0, 2007, SPSS Inc, Chicago, IL). 
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CHAPTER 4 
 

RESULTS 

 Two hundred thirty eight participants were originally enrolled in the parent study.  

However, in this secondary study, data were analyzed only for those participants who had 

completed all home interview questionnaires and all three dietary recall interviews.  

Demographic information for these participants is shown in Table 1.  Participants included 49 

men and 181 women with a mean age of 79.1 ± 8.58.  Approximately two-thirds (61.7%) were 

Caucasian and one-third (38.3%) were African American.  The educational level of the 

participants was diverse, ranging from the level of having completed no formal education 

through completion of a professional or graduate level of education.  Although the majority were 

widowed, more than 68% of the older adults in the study lived with someone else.  Most were 

food secure and did not participate in the Meals on Wheels Program.  BMI scores ranged from 

12.7 to 65.2 with a mean of 27.6 ± 8.33.   

 Physical function score and dietary intake data for study variables are shown in Table 2.  

Although the possible score range for physical function score was 0 to 100, the mean physical 

function score for the homebound participants in the study was 13.47 ± 4.47 with a range of 10 

to 29.  Average energy intake for the study population was 1,507 kilocalories per day.  Average 

protein intake was 62 grams per day.  Of the three vitamins and two minerals studied, 

participants’ average intake of calcium and vitamin D was below the recommended AI level for 

both men and women; participants’ average intake for vitamin K was below the recommend AI 

for men.71 Average daily intakes for other nutrients met or exceeded recommended amounts. 
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Table 3 presents the results from participants’ Oral Health Quality of Life 

Questionnaires.  The questionnaire assessed issues regarding chewing, swallowing, mouth pain, 

dry mouth, and denture use.  A physical count of the number of remaining natural teeth of each  

participant was also conducted as part of the study.  Scores were summarized into a single 
 
number from 0 to 9 as the oral health index summary score.  Lower scores indicated better oral 
 
health.  The mean oral health index summary score for this study population was 1.17 ± 1.71.  

While close to 80% or more of the older adults reported no issues with chewing, swallowing, or 

mouth pain, approximately one-third (32.8%) reported issues with dry mouth.  Similarly, 63.9% 

reported having dentures, but only 40% reported wearing them all the time.  Evaluation of the 

individual questions comprising the index revealed that 43 subjects (18.7%) reported chewing  

difficulty, 47 subjects (20.4%) reported swallowing difficulty, 32 subjects (14.3%) reported 

mouth pain, and 75 subjects (32.6%) reported dry mouth at least or more often than some of the 

time.  Of the 147 (63.9%) participants that reported having dentures, 15 of them (10.2%) 

reported they wore them none of the time (there was no data for 83 participants (36.1%) on this 

question).  On average, participants had eight remaining natural teeth. 

Bivariate correlations are shown in Table 4.  Participants’ oral health index summary 

score and dietary intake of vitamin K were the only variables significantly associated (p < .05) 

with physical function; the association between the oral health index summary score and vitamin 

K intake was not significant.  None of the demographic variables, including gender and race, 

were significantly associated with physical function; therefore none of these variables were 

included in the final model.  Variables tested in regression analyses, with physical function as the 

dependent variable included dietary intake of energy, protein, calcium, phosphorus, vitamins D, 

C, and K, the oral health index summary score, BMI, age, gender, ethnicity, education level, 

marital status, living arrangement, level of food security, and Meals on Wheels participation.   
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Table 1.  Demographic Data (n = 230) 

Variable % Total Range 
Mean ± Standard 

Deviation 
Age   60 - 99 79.1 ± 8.58 
Gender       
     Male 21.3%     
     Female 78.7%     
Ethnicity       
     African American 38.3%     
     Caucasian 61.7%     
Highest level of education completed        
     None 5.7%     
     Elementary 4.3%     
     Middle School 27.8%     
     High School 40.9%     
     Technical/Junior College 7.4%     
     College 10.0%     
     Graduate/Professional 3.9%     
Marital status        
     Married 29.6%     
     Widowed 58.7%     
     Divorced/Separated 10.9%     
     Never married 0.9%     
Living arrangement        
     Alone 31.7%     
     Spouse/Significant other 24.3%     
     Other family member 37.4%     
     Friend 1.7%     
     Spouse & Other family member 3.0%     
     Paid help 0.9%     
     Other family member & friend 0.4%     
     Other family member & someone else 0.4%     
     Food secure 92.2%     
     Food insecure with no hunger evident 11.0%     
     Food insecure with hunger evident 7.0%     
MOW (baseline total)       
     No  94.8%     
     Yes 5.2%     
BMI (n = 229)   12.7 - 65.2 27.59 ± 8.33 
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However, only two variables, dietary intake of vitamin K and the oral health index summary 

score, were significant predictors (p < .05) of participants’ level of physical function, and were 

therefore included in the final regression model (Table 5).   

 
 
Table 2. Physical Function Score and Dietary Intake Data (n = 230)  

Variable Range 
Mean ± Standard 

Deviation 

Physical function score 10.00 - 29.00 13.47 ± 4.47 

Energy (kcals)  230.00 - 3005.97 1507.20 ± 468.48 

Total protein (g) 6.26 - 123.07 62.24 ± 20.11 

Vitamin D (mcg) .00 - 27.89 8.67 ± 6.00 

Vitamin K (mcg) 1.54 - 847.53 104.32 ± 107.34 

Vitamin C (mg) 1.05 - 453.97 115.07 ± 73.39 

Calcium (mg) 150.19 - 3493.98 773.76 ± 467.33 

Phosphorous (mg) 15.15 - 2301.24 1004.36 ± 367.75 
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Table 3.  Oral Heath Quality of Life Information (n = 230) 

Variable % Total Range 
Mean ± Standard 

Deviation 
Oral health index summary score    0 - 9 1.17 ± 1.71 
     Difficulty chewing        
          None of the time 81.3%     
          Some of the time 11.3%     
          Most of the time 6.5%     
          All of the time 0.9%     
     Difficulty swallowing        
          None of the time 79.6%     
          Some of the time 15.2%     
          Most of the time 2.6%     
          All of the time 2.6%     
     Mouth pain        
          None of the time 85.7%     
          Some of the time 10.0%     
          Most of the time 3.0%     
          All of the time 0.9%     
     Dry mouth        
          None of the time 67.4%     
          Some of the time 23.0%     
          Most of the time 7.0%     
          All of the time 2.8%     
     Dentures        
          Yes 63.9%     
          No  36.1%     
     Wear dentures (n = 147)       
          None of the time 10.2%     
          Some of the time 12.2%     
          Most of the time 15.0%     
          All of the time 62.6%     
     Number of natural teeth    0 - 31 8.25 ± 9.69 
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Table 4.  Correlational Analysis of Physical Function, Oral Health, and Diet 

  

Physical 
Function 
SF - 36  p value 

Oral Health 
Index 
Summary 
Score*  -0.18 0.006*** 

Energy (kcals) 0.008 0.901 

Total Protein 0.035 0.593 

Vitamin D 0.106 0.109 

Vitamin K 0.184 0.005*** 

Vitamin C 0.041 0.535 

Calcium 0.009 0.893 

Phosphorus 0.063 0.344 
  * N = 229   
 ** p < .05   
*** p < .01   
 
Table 5.  Final Regression Model - Physical Function as Dependent Variable 
  Model Summary  

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

1 .252a 0.064 0.055 4.3528 
a. Predictors: (Constant), VitK, oral health index summary score baseline 
 
 Coefficientsa     

Model Unstandardized Coefficients 
Standardized 
Coefficients     

  B Std. Error Beta t Sig. 
(Constant) 13.227 0.454   29.15 .000 
Oral health index summary 
score baseline -0.447 0.169 -0.171 -2.647 .009** 
Vitamin K 0.007 0.003 .177 2.75 .006** 
a. Dependent Variable: PF SF-36 
subscale baseline           
 * p < .05       
** p < .01      
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CHAPTER 5 
 

DISCUSSION 

 The purpose of this research was to examine associations between oral health, dietary 

intake and functional ability in homebound older adults.  Results of this secondary data analysis 

revealed that the oral health index summary score, a measure of overall oral health status derived 

from individual factors such as such as chewing ability, swallowing ability, dry mouth, and 

mouth pain, and dietary intake of vitamin K were both significantly correlated with, and 

significant predictors of, homebound older adult functional ability measured as physical 

function.  These results provided evidence to reject both research hypotheses that were:  

H01:  There are no significant associations between functional ability level and oral health 

status or nutrient intake levels in a group of homebound older adults.  

H02:  There are no study variables that significantly predict functional ability level. 

The oral health index summary score was negatively associated with physical function, such that 

a higher oral health summary score equated to poorer oral health and a lower oral health 

summary score equated to better oral health.  The negative association would mean that a 

homebound older adult with poorer oral health, indicated by a higher oral health summary score, 

would have poorer physical function.  In this study, the mean oral health summary score of 1.17 

indicated better oral health amongst participants.  The mean physical function score of 13.47 

indicated lower levels of physical function, which was consistent with this homebound 

population of older adults receiving home health care services due to illness or hospitalization. 
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Although limited, there is research that reveals associations between dentition status and 

physical function and the relationship to quality of life.  Japanese researchers investigating the 

relationship between dentition status and physical function/functional ability, identified 

associations that have the potential to greatly impact older adult quality of life through fall 

reduction/avoidance.72 Results from this small, case-controlled study provided evidence that 

tooth loss could be a risk factor for body balance control, which is an important factor in older 

adult fall prevention.72 The study compared the body balance ability of community-dwelling 

older adults with natural teeth or crowns as the control group to the body balance ability of older 

adults with full dentures, either upper, lower, or both, as the test group. Body balance was 

measured as the amount of time a participant could stand on one leg with eyes open, and as 

functional reach, a measure of the difference between arm length and forward reach.  Body sway 

was also measured as a component of balance ability.  Results were significantly better for both 

measures of body balance and body sway in the test group, giving evidence that tooth loss is a 

risk factor for body balance.72 The researchers suggested their results occurred because denture 

wearers lack certain periodontal ligaments that influence the body’s posture through a reflexive 

action related to the mandible, and called for a longitudinal research investigation.72 

German researchers compared dentition status to physical and psychological aspects of 

quality of life.73 Although they found no significant relationships between dentition and 

psychological factors, there were several significant findings between dentition status and 

physical factors (physical factors were either disease states or medical conditions).73 Their results 

indicated that having 9 or fewer natural teeth and no dental prostheses was a negative quality of 

life factor, and that older adults with compromised dentition reported quality of life scores that 

were similar to those of persons diagnosed with cancer or renal disease.73 
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While the research results of the present study are consistent with other studies that found 

associations between diet and/or oral health and physical function,10,73 the results of the present 

study seem unique with respect to the finding of significance between physical function and 

dietary intake of vitamin K.  Of the research reviewed on physical function and nutritional intake 

in older adults or homebound older adults, none included vitamin K.  A possible reason for this 

lack of research is that historically, vitamin K has been known as the vitamin responsible for 

human blood clotting.  Therefore, much of the existing research on vitamin K concerns its role in 

blood coagulation and anti-coagulation drug therapy along with population-based studies that 

assess dietary intake levels of the vitamin or the identification of food sources in the American 

diet.74-76 However, as the number of older adults in the US population has increased, 

accompanied by increases in age-associated diseases like osteoporosis and Alzheimer’s disease, 

there is emerging research with respect to vitamin K.  In osteoporosis, vitamin K research 

involves its role as an enzyme in the carboxylation of certain proteins, specifically osteocalcin, 

one of the proteins responsible for BMD.76,77 In fact, vitamin K was included as a study variable 

in this thesis research because of its potential role in bone health and because of the association 

of older adult bone health with function ability.  With Alzheimer’s disease, research concerns the 

role of vitamin K in activating a specific vitamin K-dependent brain protein or its role in 

sphingolipid metabolism, which involves nerve signals and other types of cell functions.78 While 

there is yet no research indicating a direct relationship between vitamin K and physical function 

or functional ability, there are efforts underway that suggest possible indirect associations. 

Of the literature reviewed, there was a preponderance of research regarding the 

relationship between dentition status and nutritional status.  Numerous studies revealed that 

better dentition was related to better nutritional intake.79-82 In a study of adult males 61 ± 8 years 

of age, Krall and colleagues79 found that subjects with intact dentition (natural teeth only) and 
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those with removable partial dentures had the best intakes.79 These two groups had higher 

intakes of macronutrients and micronutrients, except niacin, than subjects with compromised 

dentition (fewer than 14 natural teeth on one or both sides of the mouth and no removable 

dentures) or with full dentures.79 Subjects with full dentures had the lowest intakes of study 

nutrients.  Regardless of dentition, none of the groups consumed the recommended amount of 

dietary fiber, 25 grams per day.79 These researchers also found that age was a positive, 

significant predictor of nutrient intake; older subjects had higher intakes of dietary fiber, 

calcium, phosphorus, thiamin, riboflavin, folic acid and vitamins A, B6, B12, C, D.79 Correlations 

between chewing ability and intake of fiber, folic acid, thiamin, riboflavin, vitamins A, B6, C, D, 

carotene, magnesium, phosphorus and iron were also revealed in the research study.79 Krall and 

colleagues79 concluded that the research results emphasized the need to continue efforts to 

prevent tooth loss and promote restoration in order to affect better dietary intakes and possibly 

reduce diet-related illnesses.79 Sheiham and colleagues80 reported similar findings of positive 

associations between dentition and nutritional status.80 Community dwelling older adults with no 

teeth had significantly lower intakes of energy, protein, intrinsic and milk sugars, fiber (non-

starch polysaccharides), calcium, non-heme iron, niacin and vitamin C than older adults with at 

least some teeth.80 These researchers also found that older adults with just a few teeth had better 

nutrient intakes those with no teeth,80 a finding which was corroborated in a 2007 population-

based study.81 Shinkai and colleagues82 also identified small, but statistically significant 

relationships between some very specific aspects of dentition and select nutrients (sodium, 

energy, vitamin C, protein, and fiber).82 However, when these same researchers evaluated diet 

quality using the Healthy Eating Index, a measure that evaluated intake by food groupings as 

well as by variety, the conclusion was that positive or good dentition did not translate into a 

healthy, varied diet.82 In fact, the research showed that older adults in the study had poorer oral 
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function, but better dietary intake scores than younger participants.82 While the results are not 

suggestive of a causal relationship, the researchers recommended that nutrition and diet 

counseling accompany dental restoration treatments.82   

In developing the hypotheses for the present study, there was an expectation of finding a 

statistical association between physical function and energy or protein or both. The parent study 

of this secondary analysis was an investigation of factors associated with under-eating in 

homebound older adults, therefore it seemed logical to expect a relationship between physical 

function and energy intake.  Similarly, because muscle strength and endurance are components 

of physical function, an association between protein, a component of muscle tissue, and physical 

function was also anticipated.  Therefore the significant findings associated with vitamin K in the 

secondary analysis were unanticipated.  Hypothetically, the significant finding with vitamin K 

could be explained by the fact that some of the study participants were receiving home health 

care services because of recent hospitalizations.  It is possible these subjects were hospitalized 

for anticoagulation treatment and received therapeutic diets restricted in vitamin K during the 

hospital stay.  As a result, post hospitalization subjects would have lower dietary intakes of 

vitamin K foods because of medical treatment for one or possibly multiple chronic health 

conditions, and functional decline is associated with chronic illness.82 This hypothesis however, 

requires future study for proof of certainty.     

 There were several limitations to the current research.  First, this was a secondary 

analysis of baseline data from a longitudinal study, resulting in a cross-sectional design.  The 

study sample was relatively small with only 230 subjects and disproportionate by race and 

gender.  Two-thirds of the study sample were Caucasian and three-fourths were female. The 

sample was also limited to a very specific segment of the older adult population, the homebound 

older adult segment, and more specifically, homebound older adults receiving home health care 
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because of a recent illness or hospitalization.  One final limitation was that the research data for 

the study was based on participant self-report. 

 While the outcomes of this research investigation were unexpected in terms of the finding 

related to vitamin K, there are data to confirm the findings with respect to dentition and 

function.72,73 There has also been previous research linking micronutrients to function and/or 

dentition.67,79,80,82,83 It is also possible that previous research may have found associations with 

vitamin K had researchers included the vitamin in the analyses. 

In conclusion, the results of this thesis research provide some interesting insights into the 

impact of nutrition and dentition with respect to homebound older adult functional ability.  

However, there is an evident need for additional research in the homebound older adult segment 

of older adults.  There is also a need for consistency in measuring functional ability, and there is 

most definitely a need for more research with regards to the potential relationship between 

vitamin K and physical function in this population.    
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