
 
 
 
 
 

ABSTRACT 

 
 

MAURIELLO, SALLY MURR.  Risk modeling for root caries and mortality in older 
adults. (Under the direction of Dr. Joseph Conrad Glass, Jr.) 
 
 

The purpose of this study was to explore the possible association between root 

caries incidence and mortality in a random sample of North Carolina black and white 

community-dwelling older adults.  Data were collected from two databases: Duke 

Established Populations for Epidemiologic Studies of the Elderly (EPESE) and the 

Piedmont 65+ Dental Study (PDS).  The EPESE study provided mortality data and 

information pertaining to medical, social, and sociodemographic data.  The PDS assessed 

root caries incidence and other conditions pertaining to oral health.  Inclusion criteria for 

the present study required that each subject had to be examined at least two times during 

an 84-month period, retain at least one natural tooth, and not have any contraindications 

for periodontal probing.  A total of 646 subjects met the study criteria and were included 

in the data analysis.  Dental exams were conducted in each of the participants’ homes.  

The dental exams were scheduled at baseline, 18-months, 36 months, 60 months, and 84 

months.  The exposure variable was root caries incidence.  The outcome variable was 

death due to all causes and cardiovascular disease.  Other variables used in the study 

included educational level, geographic community, age, sex, race, functional indices, 

cognitive state, tobacco use, and medical conditions.  Final multivariable risk models were 

composed of those variables that were significant or confounded the association of root 



caries and mortality.  Odds ratios and hazards ratios with 95% confidence intervals were 

derived from logistic regression and Cox’s partial likelihood regression models 

respectively.  Results showed that root caries incidence was predictive of mortality due to 

all causes with both the continuous (OR 1.16, CI. 1.02, 1.31and dichotomized (OR 1.94, 

CI. 1.22, 3.08) exposure variable.  Similar findings were seen with the survival models.  

This association was independent of other explanatory variables in the risk models.  In 

conclusion, root caries is most likely a marker for a decline in systemic health. 
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CHAPTER 1 
 

Introduction 
 
 
 

Background of the Study 

 A primary goal of geriatric dentistry is to help the patient age successfully.  

Although “successful aging” is not a new term in gerontology (Neuhaus, 1982), it is 

a relatively new concept in dentistry (Kiyak, 2000).  Successful aging is dependent 

on many factors such as maintaining social activities, high cognitive and physical 

function, and good physical, mental, and oral health (Rowe and Kahn, 1997). Thus, 

the dental professional can play a vital role in helping older individuals continue as 

active members in their family and community and increase self-esteem in the later 

years of life (Maslow, 1970). 

 Since the early 1900’s, the United States has experienced a steady growth in 

the population aged 65 and over, ranging from 4% to a projected 23% in the year 

2030 (U.S. Bureau of Census, 1996).  According to the Administration on Aging 

(AoA) 2000 Census data, the 65+ age group currently represented 12.4% of the total 

U.S. population.  In 1998, the U.S. Bureau of Census reported the same trend was 

being seen in North Carolina but at a faster rate.  Figure 1.1 displays the projected 

growth of individuals in the United States aged 65 years of age and older during the 

time period from 1993 to 2020.   
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Figure 1.1 

Projected Growth of the US Population Aged 65 Years or Older, 1993-2020 

 

 

Currently, North Carolina older adults (65 +) comprise 12.0% of the state population 

(AoA, 2000).  The NC Division of Aging (2002) estimates that between 1996 and 

2020 that this segment will increase by 76.2%.  In addition to these demographic 

changes, the older adult population is better educated, more financially sound, and 

living longer (Kiyak, 2000).  Concomitant with an increase in longevity has been an 

increase in morbidity (the quality of being unhealthy).  Although heart disease and 

cancer are still ranked as the most common causes for death, there has been a 
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decline in the overall number of deaths due to these causes since 1990 (Ghezzi and 

Ship, 2000).  In addition, there has been a decline in disability rates since 1974 

(Manton, Corder, & Stallard, 1997).  This illustrates a phenomenon first described 

by James Fries called the “compression of morbidity” (Fries, 1980). Consequently, 

good dental health is essential in later life due to increased longevity, but at the 

same time more of a challenge for the dental professional due to the coexistence of 

diseases that occur in later life.  For example, diabetes is a disease that occurs in 

both young and old adults.  The disease by itself does not create any additional 

issues in the dental treatment if the diabetes is controlled.  An older adult is likely to 

have diabetes as well as hypertension, chronic obstructive pulmonary disease, and a 

decline in kidney function.  Thus, the provision of dental care is more complicated 

due to  poor wound healing, xerostomia, and the inability of the body to metabolize 

anesthetics which are all conditions caused by the disease or treatment of the 

disease.   

 Nevertheless, great strides have occurred in improving the quality of life for 

the older adult through technological advancements and preventive therapies in the 

dental profession (i.e. fluoridation, sealants, education).  As a result, older adults are 

keeping their teeth longer with fewer individuals losing all their natural teeth 

(edentulism).  Edentulism rates are projected to decrease from 44 percent to 22.5 

percent by the year 2025 in the 75 and over age group (Budtz-Jorgensen, Chung, & 

Mojon, 2000).  Concomitant with lower edentulism rates is an increase in tooth 

retention rates (keeping your teeth longer).  People will generally have 32 

permanent teeth (including third molars).  Those individuals 75 and over are 
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expected to retain on average 15.6 teeth by 2025 (Budtz-Jorgensen et al., 2000).  

Intuitively, one would expect the use of dental services to increase if people kept 

their natural teeth.  In fact, research has shown an increase in the utilization of 

dental services by older adults (Beck, 1988; Wilkins, 1994; Kiyak, 2000). Although 

visits to the dentist are increasing overall, when one assesses dental visits by dentate 

status, use rates are much lower for the edentulous group when compared to the 

dentate group. Table 1.1 presents the percent of person 65 and older who had a 

dental visit in the past year by race and educational level in 1997. 

  

 

 

Similar trends were seen when these data were analyzed by race and level of 

education (Vargas, Kamarow, & Yellowitz, 2001).  Figure 1.2 shows how North 
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Carolina older adult data compare to national data for tooth loss, no dental visits in 

the past year, and no teeth cleaned in the past year.   

 

 

 

 

 

 

 

Figure 1.2 Oral Health Behaviors of Older Adults 

 

Based on these 1999 data, North Carolina elders had a slightly higher rate of 

edentulism, slightly higher rates of not having seen a dentist in the past year and of 

not having their teeth cleaned in the past year compared to national data (Vargas et 

al., 2001).  Thus, the impact of these demographic changes will create new and 

challenging issues for the dental community (Caplan and Weintraub, 1993).   Older 

adults needing dental care are more likely to have multiple chronic diseases that 

may impact on their oral health and dental treatment rendered (Ghezzi and Ship, 

2000).  An example would be those individuals that have weaker respiratory 

muscles and thus a less effective cough reflex.  Patients with these conditions are 

not candidates for ultrasonic instrumentation due to the water lavage and the 

increased number of microorganisms that may be aspirated into the lungs.  This 
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condition could result in pneumonia and ultimately death for an older adult 

(Limeback, 1988). 

Economic and access issues also plague the delivery of dental care to older 

adults.  The frail elderly in nursing homes or homebound settings may find access to 

dental care a challenge (MacEntee, 2000).   Oftentimes these individuals are 

compromised with many limitations, both physically and financially (Dolan, 

Berkey, Mulligan, & Saunders, 1996). Although in recent years more people have 

dental insurance as part of their retirement benefits, very few older adults have 

private dental insurance (Vargas et al., 2001).  Often dental office policy restricts 

providing services to individuals who are Medicare and Medicaid recipients due to 

the low reimbursement rates (Dolan et al., 1996; Vargas et al., 2001).  North 

Carolina Medicare and Medicaid reimbursement rates are extremely low for dental 

services. 

Last, there is a need to provide dental health professionals with current 

knowledge pertaining to geriatric dentistry.  Although the inclusion of content 

pertaining to working with the aged has increased in dental and dental hygiene 

curricula over the years, there is a lot of variation in content and curriculum hours 

across programs (Dolan et al., 1996; Tillis, Lavigne, & Williams, 1998). 

Educational preparation should include learning new treatment strategies, as well as 

learning to collaborate with other health professionals as a viable team member. 
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Statement of the Problem 

 Several studies have purported a relationship between dental diseases and 

systemic conditions, such as cardiovascular disease, strokes, low birth weight 

infants, and mortality  (Beck, Garcia, Heiss, Vokonas, & Offenbacher, 1996; Mattila 

et al., 1989, Mattila, Valle, Nieminen, & Asikainen, 1993, Mattila, Valtonen, 

Nieminen, & Huttunen, 1995, DeStefano, Anda, Kahn, Williamson, & Russell, 

1993; Grau, Buggle, & Ziegler, 1997; Wu et al., 2000; Offenbacher et al., 2001).    

Most of this research has focused on the relationship or role of periodontal disease 

as a possible risk factor.  However, both periodontal disease and dental caries are 

common chronic bacterial infections found in the mouth (Asikainen and Alaluusua, 

1993).  A brief description of the dental disease process is provided to help 

understand the relationship of dental disease to systemic conditions.   

Periodontal disease has two stages of the disease process, gingivitis and 

periodontitis.  Gingivitis is an inflammation of the gingival tissues (exhibited by 

bleeding, edema, redness), and it is a reversible disease state through 

implementation of a good oral hygiene regimen.  In contrast, periodontitis results in 

permanent deterioration of the hard tissue of the periodontium (alveolar bone) and 

the soft tissues (gingiva and periodontal ligament).  Irreversible damage occurs due 

to the body’s host defense mechanism. The bacterial invasion of gingival tissues is 

displayed in Figure 1.3. 
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FIGURE 1.3 
Bacterial Invasion of Gingival Tissues 

 

  Figure: 1.3 Bacterial Invasion of Gingival Tissue 

 

The plaque that accumulates above the gingival margin is Gram positive, but the 

oral flora below the gingival margin is primarily Gram negative, anaerobic bacteria.  

The toxins produced by the microbial burden create sores (inflammation) in the 

epithelial wall of the tissue that lines the periodontal sulcus, thus initiating the 

body’s defense mechanism which in turn sends lymphocytes and monocytes to the 

inflamed area.  The response of some individuals to this situation is to secrete 

abnormally high amounts of proinflammatory mediators such as PGE2, IL-1ß,TNF-

α, and matrix metalloproteinases (MMP) which starts into motion the destruction of 

the gingival and supporting tooth structures.  When the tissues become inflamed, 

they also become increasingly permeable.  This allows the oral bacteria to enter the 

connective tissue and blood vessels, thus creating a systemic pathway for these 
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bacteria to contribute to other disease processes (i.e. cardiovascular disease) (Beck, 

Offenbacher, Williams, Gibbs, & Garcia, al., 1998). 

Dental caries, on the other hand, occurs when there is a demineralization of 

the tooth structure.  To better understand this process, Figure 1.4 displays the hard 

and soft tissues of a healthy tooth structure.   

The hard tissues of the 

tooth (enamel, 

cementum, and dentin) 

are designed to protect 

the nerve which is 

found in the center of 

the tooth.  The enamel 

(the hardest tissue in the 

body) covers the crown  

Figure 1.4 Anatomical Structures of Tooth 

 

or chewing part of the tooth.  The cementum (not quite as hard as enamel) covers 

the root of the tooth and interfaces with the epithelial tissue of the sulcus.  The third 

hard tissue of the tooth is dentin, which is located under both the enamel and 

cementum and is the least mineralized of the three tissues.  These tissues surround 

the nerve which is fed by the blood stream at the end of the root to keep the tooth 

vital.   
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Dental caries is the breaking down or demineralization of the hard tissues 

and may occur in the enamel of the crown of the tooth (coronal caries) or cementum 

of the root of the tooth (cemental or root caries).  In order for the root caries to 

develop, there must be exposed necrotic cementum. In most cases, the exposed 

cementum occurs as a result of the gingival recession that often accompanies 

periodontal disease.  The close proximity of these diseased gingival tissues to 

carious cementum might provide easy entrée into the bloodstream, thus creating a 

pathway for other oral microorganisms to be introduced into the body.   

In order for either of these dental diseases (periodontitis or caries) to be 

initiated, there must be dental plaque (oral bacteria) present.  Plaque is a soft non-

mineralized material that adheres to structures in the oral cavity that are not cleaned 

well.  The cleaning ability of the individual, available substrate (sugars) in the diet, 

and virulence of the bacteria (which is determined by the type and strain of bacteria 

present) determine the amount of plaque bacteria that forms in the mouth.  These 

oral microorganisms, which occur naturally in the mouth, create dental health 

concerns when large numbers are allowed to accumulate.  For example, individuals 

with a heart murmur are at a much higher risk of developing subacute bacterial 

endocarditis from having their teeth cleaned.  This is due to the introduction of oral 

microorganisms (Streptococcus viridans) into the bloodstream (a bacteremia), 

which then becomes lodged in damaged heart valves. 

 Although most research has focused on the relationship of periodontal 

disease with systemic disease, this project proposes to explore the role that root 

caries may have in mortality. Dental caries is a common health problem that has 
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afflicted most adults in the United States (Miller, Brunelle, Carlos, Brown, & Löe, 

1987).  According to the Third National Health and Nutrition Examination Survey 

data (1988-91), Winn et al., (1996) found that 94% of the adults had either carious 

(decayed) or restored (filled) coronal surfaces.  According to two national studies, 

coronal caries patterns varied by race (whites had a greater caries experience, but 

blacks had more untreated caries than whites) and by sex (males had more untreated 

caries and higher caries experience than females) (Miller et al., 1987; Winn et al., 

1996).  Root caries patterns appear to increase with age (Beck, Hunt, Hand, & Field, 

1985; Miller et al., 1987).  According to Winn et al. (1996), 22.5% of the dentate 

population had root caries.  Untreated root caries occurred most frequently in black 

populations compared to Hispanics and whites.  These disparities were also seen in 

the International Collaborative study (ICS-II) among whites, blacks, and Native 

Americans (Chen, Anderson, Barnes, Leclerq, & Lyttle, 1997).   

 Several studies have reported a relationship between dental disease and heart 

disease (Mattila et al., 1989; Mattila et al., 1993; Meade et al., 1995; Beck et al., 

1996; Mendall, Patel, Ballam, Strachan, & Northfield, 1996; Beck et al., 1998; 

Beck, Pankow, Tyroler, & Offenbacher, 1999).  The primary findings from these 

studies were that those individuals with more periodontal disease were at a greater 

risk of developing heart disease.   

 More recently, Ajwani, Kimmo, Mattila, Tilvis, & Ainamo (2003) 

investigated the relationship between periodontal disease and mortality in a Finnish 

older adult population living in the community.  His findings indicated that 

periodontitis doubled the risk for cardiovascular disease-related mortality, but did 
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not show a relationship of periodontitis to total or all-cause mortality.  Two other 

studies have reported a possible relationship between dental caries and mortality.  

DeStefano et al. (1993) evaluated dental caries, oral hygiene, and periodontal 

disease as risk factors for heart disease and mortality.  Their findings supported 

Mattila’s in regards to a strong association between periodontal disease and heart 

disease in men under age 50.  Although, when the total population was considered, 

only a weak association was seen with periodontal disease but a strong association 

was noted with oral hygiene and heart disease.  The most interesting finding 

reported by DeStefano was that periodontal disease and poor oral hygiene were 

stronger indicators of risk of total mortality than coronary heart disease.  Beck 

(1988) reported a relationship between root caries incidence and mortality in a 

community-dwelling older adult population.  The author suggested that root caries 

may be a marker for general physical decline.  However, a limitation of Beck’s 

study was that it was composed of predominately white study participants.  Thus, 

little is known in regards to the relationship of root caries and mortality in a white 

and black community-dwelling older adult population.  In addition, there are few 

longitudinal studies that have conducted risk modeling for root caries and mortality 

in an older adult population using survival analysis.  Studying this relationship 

would help explain the role between root caries and mortality and assist in the 

identification of those individuals who may be at greater risk for mortality, thus 

allowing more effective intervention strategies.   
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Purpose and Objectives of the Study 

 

The purpose of this study is to determine if root caries incidence is associated with 

mortality in a random sample of black and white community-dwelling older adults 

residing in North Carolina.  Specific research questions to be answered are: 

 

1. Does root caries incidence predict those individuals at a greater risk for 

overall mortality? 

2. How strong is the risk prediction model for mortality when identified risk 

factors (age, race, sex, functional status, cognitive status) for root caries and 

for mortality are controlled statistically? 

3. Is root caries incidence a marker for a specific cause of death (heart disease, 

cancer, infectious diseases, chronic obstructive pulmonary disorder (COPD), 

and cerebrovascular accidents)? 

 

Significance of the Study 

 An increase in life expectancy coupled with the fact that older adults are 

keeping their teeth, increases the likelihood of older adults experiencing dental 

disease.  In fact, research has shown that as edentulism rates have decreased 

utilization rates of dental services have increased.  Both caries and periodontal 

disease seem to equally account for tooth loss in the older adult population.  

Furthermore, it appears as though root caries is a dichotomous disease, affecting 

certain segments of the population at different rates.  Factors such as low 
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educational level and race appear to place individuals at risk for untreated root 

caries.  Early studies reported a possible relationship between root caries and 

mortality.  More recent studies have provided documentation that there may be a 

systemic link between periodontal disease and cardiovascular disease as well as 

with low birth weight.  Although risk factors associated with root caries have been 

investigated, limited information is available modeling root caries incidence and 

mortality.  Thus, the ability to be able to identify those people at high risk would 

impact significantly on the quality of life for older adults and on educational 

programs both at the public and professional levels. 

First, these results would provide invaluable information to public health 

administrators for the implementation of policy and allocation of funding 

concerning oral health care in older adult populations.  Often times, dental health 

programs and financial resources will target preschool and school aged children.   

Thus, having the ability to target and educate these high risk populations at the 

public health level would allow for widespread dissemination of information.  As a 

result, the North Carolina older adult population would have improved oral health, 

while possibly saving the state and taxpayer money through decreased medical 

expenses. 

Second, these findings would impact on the education and training of both 

student and licensed dental health professionals. Existing dental health curricula 

would need to be restructured and updated to include content on the role of dental 

caries in systemic health, risk factors, clinical implications, and intervention 

strategies for the prevention of root caries.  In addition, practicing dental health 
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professionals would need continuing education courses to increase their knowledge 

to enable them to provide competent dental care.   Dental health educators would 

need to develop these continuing education courses in addition to preventive 

educational materials.  At the same time, there would be a need for dental 

researchers to collaborate with industry to develop preventive agents and devices to 

aid older adults with keeping their mouths clean.  

Lastly, the design of this study will add to published information in two 

ways.   One, this study will provide a risk model for root caries and mortality using 

survival analysis, a more sophisticated method of analyzing data than what has been 

reported previously.  This type of analysis for these data will be invaluable due to 

the ability to consider both the occurrence of mortality as well as the time the event 

occurred.  Furthermore, since survival analysis takes time into consideration, it is 

well suited for analyzing longitudinal studies in order to develop causal or 

predictive models.  Two, the study population was acquired from community-

dwelling older adults who were over-sampled by race to provide statistical strength 

when the data are analyzed by race (African-Americans and non-Hispanic Whites).  

There are a limited number of studies reported in the literature that provide 

longitudinal dental data for a community-dwelling older adult population, but none 

of the studies report seven year dental data for modeling root caries incidence and 

mortality.   

In summary, information learned from this study will expand the knowledge 

of the dental and medical professions on the relationship of dental caries and 

systemic health.  If root caries is associated with systemic disease or is a marker for 
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a decline in health, then the identification of older adults at high risk for root caries 

will provide valuable information to clinicians for intervention strategies, to 

researchers for theory development, to public health administrators for policy 

implementation, and to dental educators for designing educational 

programs/materials and training dental health practitioners to competently manage 

and care for older adults.   

 
 

Limitations of the Study 
 
The following limitation of this study should be noted: 

Exclusion criteria:   

In order to be eligible for the study, participants had to be examined for both 

the dental and medical components of the study.  In addition, participants had to be 

present for at least two examinations.  It is necessary for participants to have at least 

one natural tooth and not have medical conditions that require prophylactic 

antibiotics to conduct the periodontal examination. 

 

 
Definition of Terms 

 

 The terms used in this study are common terms found in the dental and 

educational literatures.  These terms and concepts are used throughout this study 

and are presented for clarity and understanding of the material.  Figure 1.4 identifies 

anatomical landmarks. 
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Biofilm:  describes a microbial ecosystem adherent to a solid surface.  In the dental 

literature, biofilm most often refers to bacterial accumulations on waterlines and 

dental biomaterials. Dental plaque may also be considered as an example of a 

biofilm.  (Perry, Beemsterboer, & Taggart, 2001) 

Cementum:  the calcified material covering the root of the tooth 

Cemental (Root) Caries:  caries (decay) in the cementum on the root surface of the 

tooth. 

Clinical Attachment Level:  probing depth as measured from the cementoenamel 

junction (or other fixed point) to the location of the probe tip at the coronal level of 

attached periodontal tissues (Wilkins, 1994). 

Confounding: 1) a situation in which the effects of two processes are not separated.  

The distortion of the apparent effect of an exposure on risk brought about by the 

association with other factors that can influence the outcome. 2) a relationship 

between the effects of two or more causal factors as observed in a set of data, such 

that it is not logically possible to separate the contribution that any single causal 

factor has made to an effect.  3) a situation in which a measure of the effect of an 

exposure on risk is distorted because of the association of exposure with other 

factor(s) that influence the outcome under study (Last, 1988). 

Confounding variable (Syn: confounder): A variable that can cause or prevent the 

outcome of interest, is not an intermediate variable, and is not associated with the 

factor under investigation.  Such a variable must be controlled in order to obtain an 

undistorted estimate of the effect of the study factor on risk (Last, 1988). 

Coronal Caries:  caries (decay) in the enamel of the crown of the tooth. 
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Critical pH:  the pH at which demineralization occurs; for enamel, pH 4.5 to 5.5; 

for cementum, pH 6.0 to 6.7 (Wilkins, 1994). 

Dental Calculus:  calcified bacterial plaque; hard, tenacious mass that forms on the 

clinical crowns of the natural teeth and on dentures and other appliances (Wilkins, 

1994). 

Dental Plaque:  Dense, organized bacterial systems embedded in an intermicrobial 

matrix that adhere closely to the teeth, calculus, and other surfaces in the oral cavity 

(Wilkins, 1994).  See definition of biofilm. 

Dentate:  natural teeth are present in the oral cavity (mouth). 

Edentulous:  no natural teeth are present in the oral cavity. 

Effect modifier:  a variable that modifies the outcome or disease and is often part 

of the causative network, in an interactive sense (Page et al., 1995). 

Enamel:  the calcified white material covering the crown of the tooth. 

Functional Status:  refers to the level of mental or physical ability an individual 

may possess. 

Geriatrics: the narrower field of gerontology concerned with health promotion, 

disease prevention, diagnosis, treatment, and care to be provided knowledgeably 

and sensitively to older people. (Neuhaus, 1982). 

Geriatric Dentistry:  the branch of dentistry that treats all problems peculiar to the 

oral cavity in old age and the aging population (Wilkins, 1994). 

Gerontology:  the scientific study of aging and old age. (Neuhaus, 1982). 

Gingiva:  the part of the masticatory mucosa that surrounds the necks of the teeth 

and is attached to the teeth and the alveolar bone.  The gingival is made up of the 



 19

free gingiva, the attached gingiva, and the interdental gingiva or interdental papilla 

(Wilkins, 1994).   

Gingival Sulcus:  the crevice or groove between the free gingiva and the tooth 

(Wilkins, 1994). 

Incidence:  the number of new events within a specified period of time (i.e. new 

cases of a disease in a defined population, within a specified period of time). (Last, 

1988) 

Incidence Density: The person-time incidence rate; sometimes used to describe the 

hazard rate. (Last, 1988). 

Incidence Density Ratios:  the ratio of two incidence densities. The difference in 

incidence rate between a population group exposed to a causal factor and a 

population group not exposed to the factor. (Last, 1988) 

Odds Ratios:  the ratio of the odds in favor of getting disease, if exposed, to the 

odds in favor of getting disease if not exposed. (Last, 1988) 

Oral Hygiene Status:  the amount of hard and soft debris/microorganisms found in 

the oral cavity. 

Oral Flora:  the various bacteria and other microscopic organisms that inhabit the 

oral cavity.  The mouth has an indigenous flora, meaning those organisms that are 

native to that area.  Certain organisms specifically reside in certain parts, for 

example, on the tongue, on the mucosa, or in the gingival sulcus (Wilkins, 1994). 

pH:  the symbol of hydrogen ion concentration expressed in numbers corresponding 

to the acidity or alkalinity of an aqueous solution; the range is from 14 (pure base) 

to 0 (pure acid); neutral is at 7.0 (Wilkins, 1994). 
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Prediction model: a multivariable model developed when we think that we 

understand the disease’s etiology and we are mainly interested in identifying who is 

at high risk. The main goal is to maximize sensitivity and specificity of the 

prediction. However, there may be some exclusion of variables based on the cost 

that would be incurred to use them as predictors. (Beck, 1998) 

Prevalence:  the number of instances of a given disease or other condition in a 

given population at a designated time amount of disease measured in one point of 

time. (Last, 1988) 

Probing Depth:  the distance from the gingival margin to the location of the 

periodontal probe tip at the coronal border of attached periodontal tissues (Wilkins, 

1994). 

Risk Factor:  an environmental, behavioral, or biologic factor confirmed by 

temporal sequence, usually in longitudinal studies, which if present, directly 

increases the probability of a disease occurring and, if absent or removed, reduces 

the probability. Risk factors are part of the causal chain, or expose the host to the 

causal chain. Once disease occurs, removal of a risk factor may not result in a cure. 

(Beck, 1998)  

Risk Indicator: (potential, probable, putative risk factor) – association between an 

exposure and condition determined using only cross-sectional studies. (Beck, 1998) 

Risk Model:  a multivariate model developed when it is important to identify one or 

more risk factors for the disease so that likely points for intervention can be 

planned.  Risk models should exclude risk predictors (past disease, number of teeth, 

etc.) from these models as they usually are powerful and may mask potential risk 
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factors. The use of demographic risk factors as main effects also may mask risk 

factors, so they should be evaluated carefully. However, demographic risk factors 

often interact with risk factors, so the models may not be complete without them. 

(Beck, 1998) 

Risk Predictor (risk marker): a characteristic associated with elevated risk for 

disease (i.e., it predicts well), but is not thought to be part of the causal chain (e.g., 

tooth loss is a good predictor of future disease). It is usually either a by-product of 

the causal chain (usually called a risk marker) or some historical measure of the 

outcome, such as number of missing teeth, or baseline caries. Risk predictors are 

useful to identify who is at risk, bur not useful in identifying likely interventions. 

(Beck , 1998) 

Subgingival Calculus:  dental calculus that occurs apical to the margin of the 

gingival; is covered with bacterial plaque (Wilkins, 1994). 

Supragingival Calculus:  dental calculus that occurs coronal to the margin of the 

gingival; is covered with bacterial plaque (Wilkins, 1994). 

Total Mortality: For the purpose of this study, total mortality will refer to the death 

of an individual by any cause. 
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Chapter 2 

Literature Review and 

 Conceptual Framework 

 

Introduction 

 This chapter presents a review of the pertinent literature and the conceptual 

framework for the study.  Several studies are reviewed to identify known and 

possible risk factors associated with dental root caries and systemic diseases that 

result in mortality.  These factors will be used to build the predictive models for 

investigating the relationship between root caries and mortality. 

 The conceptual model graphically displays known risk factors for 

periodontal disease, dental root caries, and systemic diseases associated with old 

age.  This study will begin to evaluate the relationship of dental caries with systemic 

disease.  The findings will help delineate whether dental caries is part of the causal 

chain or a risk marker for mortality. 

 

Literature Review 

 Over the last 100 years, life expectancy has increased and the primary causes 

of death have changed.  In the early 1900’s, infectious diseases such as pneumonia, 

influenza, tuberculosis, and diarrhea were the leading causes of death (Sahyoun, 

Lentzner, Hoyert, & Robinson, 2001).  Today, the leading causes of death (shown in 

Table 2.1) include heart diseases, malignant neoplasms, and cerebrovascular 
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diseases with most of these deaths occurring in individuals age 65 years or older 

(Ghezzi and Ship, 2000; Sahyoun et al., 2001).    

 
Table 2.1 

 
Ten Leading Causes of Death in Older Adults 

Age 65 and Over in 1998 
 

1. heart diseases 
2. malignant neoplasms 
3. cerebrovascular diseases 
4. Chronic Obstructive Pulmonary Disease 

(COPD) 
5. pneumonia, influenza 
6. diabetes mellitus 
7. accidents, adverse effects 
8. Alzheimer’s disease 
9. renal diseases 
10. septicemia 

 

 

When the leading cause of death is considered by age, race or ethnic origin, the 

causes remain the same for the different groups, but the order in which they occur 

most frequently changes. For example, stroke is the third leading cause of death for 

blacks and whites, but the fourth leading cause of death in the Native Americans.  

Furthermore, other countries, such as, Japan, Sweden, and France, have experienced 

similar trends, yet extended their life expectancies even further than the United 

States (Manton and Vaupel, 1995).  Thus, mortality appears to be influenced by a 

variety of factors.   

 It has been reported that factors such as, improved living conditions, 

advances in medical technology, and a more educated society are responsible for 

this increased longevity (Sahyoun et al., 2001). Conversely, other factors have been 
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reported as contributing to the risk of death (Glick, 2002).  These may include but 

are not limited to conditions such as decreased physical ability, decreased mental 

health, obesity/high cholesterol, smoking, social inequalities, pneumonia, 

coffee/caffeine, infection, race, education level, and sex (Lewis and Tikkanen, 1994; 

Eaton et al., 1995; LaCroix, Mead, Liang, Thomas, & Pearson, 1986; Blair et al., 

1989; Coryell, Noyes, & Clancy, 1986; Andres, Muller & Sorkin, 1993; Marmot, 

1988; Mustard, Bohnen, Rosati, & Schouten, (1991).  More recently, a relationship 

between dental disease (periodontitis and dental caries) and systemic disease has 

been proposed as a risk factor with the majority of this research evaluating the 

association of periodontal disease and cardiovascular disease (Beck et al., 1996; 

Beck et al., 2001; Loesche et al., 1998; Mattila et al., 1989, Mattila et al., 1993; 

Mattila et al., 1995; Mattila et al., 1998; Grau et al., 1997; Kweider, Lowe, Murray, 

Kinane, & McGowan, 1993; DeStefano et al., 1993; Joshipura et al., 1996; Morrison 

et al., 1999; Wu et al., 2000).  Results from these case-control (Mattila et al., 1989; 

Mattila et al., 1993; Grau et al., 1997) and longitudinal studies (Mattila et al., 1995; 

Mattila et al., 1998; DeStefano et al., 1993; Joshipura et al., 1996;Wu et al., 2000) 

support the findings of an association between periodontal disease with two 

systemic conditions, cardiovascular disease and stroke.  Futhermore, Beck et al. 

(1996) proposed a mechanistic model describing a plausible biological relationship 

between periodontitis and coronary heart disease.  A diagram of this model is 

presented in Figure 2.1.   
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Figure 2.1 Proposed Mechanistic Model of Periodontitis-CHD Association 

 

Current thought supports the belief that due to genetic, behavioral and 

environmental factors, a hyperinflammatory trait may be activated that then over-

produces levels of cytokines and lipid mediators.  These inflammatory mediators, 

which are precursors to cardiovascular and periodontal disease, will then increase 

the risk for oral and systemic disease. This would predispose certain individuals to a 

greater risk for developing both cardiovascular and periodontal disease. Additional 

pathogenic microbial burden from the oral cavity may increase the extent and 

severity of the disease (Beck, Slade, & Offenbacher, 2000).  Therefore, the overall 

oral health of the individual may play a role in the disease process due to the 

multifactorial nature of the disease. 
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 Despite these remarkable findings, little attention has been given to the role 

of dental caries in relation to systemic disease or mortality.   The earliest mention of 

a possible relationship between root caries and mortality was by Beck in 1988.  This 

longitudinal study examined community-dwelling older adults in Iowa (Beck et al., 

1985).  Using chi square analysis, the data indicated that individuals who developed 

two or more root caries lesions over an 18-month period of time were 2.5 times 

more likely to die or become too sick to be examined eighteen months later (Beck, 

1988).  His conclusions from these findings were that root caries incidence may be a 

“marker” for decline in physical health.   

Within the next five years, three other studies reported findings on the 

relationship of dental disease to systemic disease and mortality (Mattila et al., 1989; 

Mattila et al., 1993; DeStephano et al., 1993).  Mattila et al. (1989, 1993) conducted 

two case-control studies on community dwelling adults (100 with acute myocardial 

infarction and 102 controls).  All study participants were under the age of 66.  

Dental findings (carious lesions, missing teeth, periodontal disease, radiographic 

bone assessment) were combined to create a dental index score for each participant.  

Using logistic regression analysis, Mattila found that a statistically significant 

association was found between poor dental health and acute myocardial infarction in 

men under 51 years of age (Mattila et al., 1989).  The second study used the same 

dental indices described previously and coronary angiograms to determine the 

presence of atheromas.  The findings revealed no association between dental health 

and coronary atherosclerosis for the 12 women in the study. Additional analyses 
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using logistic regression demonstrated a significant relationship between dental 

health and severe coronary atherosclerosis in males (Mattila et al., 1993).  

DeStefano et al. (1993) conducted a 14-year follow-up study that assessed 

dental health and mortality using the National Health and Nutrition Examination 

Study I (NHANES-I) and follow-up data sets.  Using Cox proportional hazards 

models, he compared heart disease and total mortality to the dental disease status in 

individuals ranging in age from 25 to 74.   His findings supported Mattila’s in 

regards to the greater the periodontal disease, the more likely the risk of dying or 

developing coronary heart disease.  An association was still seen when he controlled 

for age and possible confounders (i.e. age, sex, race, education, marital state, 

systolic blood pressure, total cholesterol concentration, body mass index, diabetes, 

physical activity, alcohol consumption, poverty index, and cigarette smoking).  

Futhermore, the greatest association was seen between oral hygiene or periodontal 

disease and total mortality in men under 50 years of age.   There was no reported 

relationship seen between the number of decayed teeth and heart disease.  

Each of these studies has limitations that prevent us from answering the 

question of whether root caries is associated with mortality.  Beck’s study 

population was composed primarily of whites (Beck et al., 1985).  Mattila used a 

combined caries and periodontal disease dental index, so that caries could not be 

analyzed separately (Mattila et al., 1989; 1993).  DeStefano did not report the results 

for decayed teeth and total mortality.  In addition, it is not clear whether root caries 

was assessed as a part of the decayed permanent tooth score. 
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Conceptual Framework 

 Although the relationship between periodontal disease and heart disease is 

not clearly established, Beck et al. (1996) have developed a plausible biological 

model for the relationship between periodontal disease and heart disease.  The 

biological role of dental caries and mortality or heart disease though is not as easily 

apparent.  In fact, the relationship may stem from the fact that many of the risk 

factors are the same for both cardiovascular disease and root caries.  Thus root 

caries may be a proxy or risk marker for heart disease and mortality.  Since 

attachment loss and recession (components of periodontal disease) are necessary in 

order to develop root caries, this conceptual model is based on root caries as co-

existing condition to periodontal disease. Figure 2.2 presents a model depicting this 

concept. 

The disease process for both periodontal disease and root caries is complex 

and results from the interactions of various factors.  This study will focus on risk 

factors for root caries that have been identified previously by Beck, Kohout, Hunt, 

Heckert (1987).   

Variables in our model have been classified as: oral risk factors (oral flora, 

salivary flow, dentate status, buffering capacity, prosthetic appliances, oral hygiene, 

gingival recession) sociodemographic factors (age, race, sex, income, educational 

level, cultural and family norms), psychological factors (cognitive ability, 

depression, anxiety, loneliness), behavioral factors (use of preventive services, 

smoking, alcohol use, diet, oral care, fluoride), and systemic factors (inflammatory 
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Figure 2.2  Conceptual Model for Risk Factors of Root Caries and Mortality 
 

traits, disability, heredity, medications, IADL’s, ADL’s).  Numerous studies have 

investigated clinical and behavioral risk indicators for root caries in older adults.  

Both cross-sectional and longitudinal data have suggested certain variables were 

risk factors or risk indicators for root caries (Steele, Sheiham, Marcenes, Fay, Walls, 

2001; Powell, Leroux, Persson, Kiyak, 1998; Lawrence, Hunt, Beck, 1995; 

Lawrence, Hunt, Beck, Davies, 1996; Graves, Beck, Disney, Drake, 1992; 

Brailsford et al., 2001; Beck et al., 1987). 
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Although the etiology of root caries is complex and not fully understood, it 

is well accepted that mutans streptococci and lactobacilli play a primary role in the 

initiation and development of root caries lesions.  While investigating the aciduric 

microflora of root caries lesions, Brailsford et al. (2001) found that subjects without 

root caries had significantly fewer bacteria and that the bacterial type of flora varied 

based on the presence of root caries.  Brailsford’s results supported the results from 

a study conducted by Powell et al. (1998) that showed a higher incidence of root 

caries was based on high bacterial counts (p=0.002).  Steele et al. (2001) also found 

the presence of heavy plaque deposits increased the odds of having root caries (OR= 

2.1-2.6).  Thus, microbial type and amount seem to influence the presence of root 

caries.  Other oral risk factors included salivary flow and buffering capacity, dentate 

status, prosthetic appliances, gingival recession, and microbial amount. Both Steele 

et al. (2001) and Lawrence et al. (1995) reported an increased likelihood of root 

caries when wearing a partial denture.  Disease and medications often influence 

salivary flow and buffering ability.  Lawrence et al. (1995) found that older adults 

taking antihistamines were more likely to develop new root caries lesions due to the 

xerostomic (dry mouth) side effects of the drug.  Steele et al. (2001), who reported 

linear regression models that included dry mouth as a variable, supported 

xerostomia as a risk factor for root caries. Lawrence et al. (1995) also found that 

severe gingival recession (≥4 mm) was associated with root caries in whites. Thus 

many factors in the oral cavity can influence the oral conditions making the 

environment more conducive for the development of root caries. 
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Several demographic factors such as age, sex, race, income and educational 

level have been shown to influence caries rates as well.  Powell et al. (1998) found 

males (p=.007) and Asian ethnicity (p=.002) to be significant risk factors in the 

development of coronal caries. In the root caries model, race was still a significant 

factor (p=.009).  Lawrence et al. (1996) reported a difference in root caries 

incidence rates between blacks and whites.  Another study has shown special 

population groups (institutionalized and periodontal disease patients) exhibit higher 

prevalence rates of root caries (Banting, 1986).  Sociological factors such as 

educational level, income, and cultural influences most likely impact dental health 

indirectly (Beck et al., 1987).    

Variables presented in the literature that would be considered psychological 

factors include anxiety, depression, and cognitive ability.  There have been some 

reports in the literature that support a higher risk of mortality with the presence of 

anxiety and depression (Coryell, Noyes, Clancy, 1982; Martin, Cloninger, Guze, 

1985).  Anxiety and depression have also been linked with poor health and coronary 

heart disease (Rahe, 1988; Coryell et al., 1986).  Many of the medications used to 

treat psychiatric disorders have oral side effects that would enhance the 

development of dental caries.  In addition, depression and loneliness may indicate a 

lack of desire for self-care (Beck et al., 1987).   

Behavioral factors can include those variables that are both detrimental and 

beneficial to one’s health.  For example, self-care types of factors would include use 

of preventive services and fluoride use.  Detrimental behaviors would be smoking, 

use of alcohol, diet high in cholesterol and sugar, and poor oral hygiene.  Graves et 
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al. (1992) reported that the dental needs of North Carolina community-dwelling 

older adults were greater for blacks.  They reported that blacks had a lower number 

of decayed and filled root surfaces compared to whites, but that the blacks had more 

treatment needs.  The authors felt this reflected a lack of access to dental care and 

oral health neglect.  This more likely is a reflection of social values, beliefs, and 

finances rather than attributable to race.  Steele et al. (2001) evaluated clinical and 

behavioral factors that were risks for root caries in older adults including diet and 

oral care.  They found that nine or more intakes of sugars per day doubled (OR 2.2-

2.4) the subjects’ risk for root caries.  Heavy plaque deposits (OR 2.1-2.6) and 

infrequent tooth brushing (OR 2.8-4.1) were also cited as risk factors for root caries 

(Steele et al., 2001).  

Systemic factors such as inflammatory traits, disability, heredity, and 

medications have been associated with all-cause mortality.  Brill, Kohl, Blair, 

(1992) reported low levels of physical fitness would increase the risk of mortality 

due to all causes, cancer, and cardiovascular disease.  In addition, Eaton et al. 

(1995) found leisure time to be inversely related to both heart disease and all-cause 

mortality.  Another effect on all-cause mortality was body weight. Andres et al. 

(1993) found that the highest mortality rates in their study population were 

associated with weight loss or excessive weight gain. Weight gain may be indicative 

of an increase in sucrose which is the substrate needed to produce dental caries.  

Jette, Feldman, Douglass, (1993) conducted a cross-sectional study to evaluate oral 

disease and physical disability.  Their results showed that individuals who reported 

limitations with personal care and mobility (activities of daily living) were at a 
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higher risk for developing root caries.  Several other chronic diseases (i.e., stroke, 

diabetes, arthritis, cancer, etc.) have been associated with oral conditions (Ghezzi 

and Ship, 2000). Thus, several physiological factors have been associated with root 

caries and mortality.  

All of these factors contribute to the development of periodontal disease and 

root caries.  Also reflected in the model is the supporting data that periodontal 

disease contributes to systemic diseases such as cardiovascular disease, stroke, 

diabetes, etc. What we don’t know the answer to is the role of root caries in this 

process.  Root caries may have an underlying role in mortality, but more likely is an 

early warning sign or signal that the body is beginning to undergo a systemic 

change.  If, as we hypothesize, root caries is a marker for general decline in health, 

then resources (i.e. financial, healthcare professionals, health care policy) can be 

applied more effectively to meet the needs of the older adult population.  Based on a 

review of the literature, Figure 2.2 displays a conceptual framework describing the 

hypothesized relationship of root caries and mortality as proposed for this study.  

Identification of possible relationships among these variables will also aid in 

targeting effective intervention strategies such as educational programs for the 

public and dental health professionals. In summary, extending life is only one 

challenge facing researchers, educators, health practitioners and policy makers 

today.  Another is identifying ways to make those additional years rewarding.  

Helping to achieve these goals as an educator would be one of the keys to successful 

aging.
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CHAPTER 3 

Methods and Materials 

 

 This was a secondary data analysis of a prospective study.  Detailed measures 

of the root caries status of study participants along with verified mortality data 

allowed an in-depth investigation into the hypothesized longitudinal relationship 

between root caries as a risk indicator for mortality.  

Description of the Study Population 

 The data used in the current study were derived from combining two existing 

databases: Duke Established Populations for Epidemiologic Studies of the Elderly 

(EPESE) and the Piedmont 65+ Dental Study (PDS).  The EPESE study collected 

medical, mortality, and sociodemographic data. The PDS assessed dental conditions 

on a subset of study participants in the EPESE study. For this current study, the study 

population that was included in the analyses was limited to the number of dentate 

participants (people with teeth) that have both medical and dental data for at least two 

of the examination periods in both the EPESE and Piedmont 65+ Dental Study.  

 

Description of EPESE Data Set: The EPESE study was a longitudinal study 

conducted by Duke University. The purpose of the study was to collect health status 

information of North Carolina older adults.  The EPESE study sample was composed 

of a stratified random sample of over 4,000 community-dwelling older adults over the 

age of 65. These non-institutionalized older adults resided in five adjoining counties 

in the Piedmont region of North Carolina from 1985-1995. The study design for the 
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parent study (EPESE) required over-sampling of the black population (about 55% of 

the study population compared to 20% in the general population) so that statistical 

comparisons could be made between blacks and whites within the same geographic 

area.   Almost equal numbers of urban and rural participants were recruited who 

possessed a broad range of educational and socio-economic levels. 

 

Description of Dental Data Set (PDS): In 1988, an ancillary study through the 

University of North Carolina, School of Dentistry was designed to augment the 

medical data that were being collected in the EPESE study (parent study). Thus, the 

dental study component (PDS) was an ancillary study to the (EPESE).  As with the 

parent study, the dental sample was randomly selected within the same strata as the 

parent study. Study participants for the dental study were recruited by contacting 

eligible parent study participants.  Interviews and oral examinations were conducted 

in the home after informed consent was acquired. The plan was to sample 1,000 

subjects from the EPESE, 800 with teeth and 200 without teeth, but only those with 

teeth would be followed over time. At the onset of the dental exams (baseline), the 

study population was composed of 818 dentate subjects and 200 edentulous persons 

who were randomly selected from the EPESE study to take part in periodic oral 

examinations.  Dental examinations of the dentate individuals, who comprised the 

target sample for the current study, were conducted at baseline, 18, 36, 60, and 84 

months.  These examinations included microbiological and salivary assays, oral 

exams, and interviews.  All subjects were community-dwelling older adults.  Eight of 

the dentate participants were excluded from further analyses because they were not 
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black or white (the two predominant race categories for this geographic region).  

When the dental study population characteristics were compared to the parent study 

population, there were no significant differences based on age, gender, place of 

residence, and educational level.   

 

Dental Procedures Conducted in the Piedmont 65+ Study 

Dental exams: Dental examinations and interviews were conducted in the 

home (private residence) of the participants by one of five calibrated examination 

teams composed of a dentist-examiner and a recorder.  Health interviews and 

examinations were conducted at baseline, 18 months, 36 months, 60 months and 84 

months. The examiners used a mirror, explorer and light-intensified headlamps to 

evaluate all existing teeth for cemental (root) caries.  No compressed air or 

radiographs were used in the dental evaluation.  Clinical data were directly entered 

into a computer during the exam by a recorder. Interview data were collected using 

formatted interview schedules with responses keypunched onto computer data files.   

Dental Measures: Criteria to measure root caries were established by Katz 

(1984).  Gingival recession (GR) and attachment loss (AL) were evaluated on all teeth 

present in the mouth.  Specific information regarding examination procedures was 

reported previously by Lawrence et al. (1995). 

Examiner Reliability: Replicate examinations were conducted on five percent 

of the sample at baseline and each subsequent examination period.  Each examiner 

was paired with all other examiners for at least five examinations to determine 

reliability measures for root caries.  The intra-class correlation coefficient of 
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reliability (Bell and Klein, 1984; Fleiss, Slatker, Fischman, Park, 1979) of the five 

examiners ranged from 0.67 to 0.92 for root caries diagnosis, and from 0.84 to 0.94 

for the diagnosis of root decayed and filled surfaces at the four examinations over the 

five-year period.  According to Fleiss (1981), examiner reliability scores in the range 

of 0.75 to 0.80 indicate good to excellent reliability. 

Exposure Variables:  The main exposure variable used in this study was an 

incident root caries event. Root caries events were assessed by a cumulative exposure 

related to survival of the individual. 

In the analysis, an event was defined as the cumulative number of new or 

restored root caries lesions for each individual during the time that he or she 

participated in the study.   The cumulative number of new root caries lesions per 

participant was the numerator and the total number of months that he or she was in the 

study (at risk) was the denominator.   All participants alive at the end of the study 

were censored at 108 months.  This ratio was applied to the Cox’s partial likelihood 

method to estimate regression models with censored data for survival analysis.  An 

example of this timeline is shown in Figure 3.1.  The bottom line represents a subject 

(1) that completed the 108-month study with no new root carious lesions or 

restorations. They were censored as still alive at the end of 108 months. Thus, the 

ratio for this subject would be 0. The next line, (Subject 2) also completed the study 

but developed a total of seven carious lesions (three during the first exam interval and 

four during the third exam interval) over the 108 months.  The ratio for subject 2 

would be 0.0648.  Subject 3 developed a total of three root caries lesions and was 

censored at 60 months because he left the study. The last subject (4) experienced four  
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root caries lesions during the first exam period and died during the second exam 

period. Therefore, he was censored at 25 months.  The ratios for subjects 3 and 4 were 

0.05 and 0.16, respectively.  This type of survival analysis takes into consideration 

both censoring and time-dependent covariates (Allison, 1995). 

 

 

 

 

 

 

 

 

Figure 3.1 Study Timeline for Proportional Hazards Regression 

 

Outcome Variable: The primary outcome variable was defined as all-cause 

mortality (death due to all causes). Secondary outcomes were “cause of death” 

categorized into one of five groups (cardiovascular diseases, infectious diseases, 

cancers, chronic obstructive pulmonary disease (COPD) and cerebrovascular 

diseases). The “cause of death” was derived from the primary cause of death stated on 

the death certificate. The data related to “cause of death” were possible since death 

certificates were available from the parent study conducted at the Duke University 

Medical Center.  The death cause codes were taken from the standard ICD-9 

(International Classification of Diseases) codes. 
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 Other Variables: Data from the parent study included all functional status 

variables [i.e. activities of daily living (ADL’s), instrumental activities of daily 

living (IADL’s), etc.], cognition, memory, depression, infectious and chronic 

diseases, tobacco use at baseline, level of education, race, sex, and age.  These were 

used as covariates in the analysis of the relationship between the incidence of root 

caries and risk of death during the subsequent time period.  Specific functional status 

indices used are shown in Table 3.1.  

  

 
Table 3.1 Summary of Functional Indices 

Functional Index Activity 
Instrumental Activities of Daily Living      
(Fillenbaum GG, 1985)              

Telephone Use 
Traveling 
Shopping 

Preparing meals 
Doing house work 

Taking medications 
Managing finances 

Physical ADL’s                                       
(Katz and Akpom, 1976) 

Bathing 
Dressing 
Eating 

Bed transfer into a chair 
Toilet use 

Physical Impairment  
(Rosow and Breslau, 1966) 

Heavy work 
Walking stairs 

Walking 0.5 mile 
 



 40

Description of Functional Indices 

 The Instrumental Activities of Daily Living index (Fillenbaum, 1985) was 

used to measure the subject’s ability to function on his/her own in the community.  

This instrument was a seven item scale that included the seven items shown in Table 

3.1.  Five of the items (traveling, shopping, preparing meals, doing housework, and 

managing finances) in that index have been shown to correlate with physical and 

mental status, and predict death.  

 The Katz scale (Katz and Akpom, 1976) provided a measure of the subject’s 

physical activities of daily living.  The five items used in this scale which demonstrate 

the ability to perform everyday tasks are listed in Table 3.1.  For this scale, a 

respondent was considered impaired if aid was needed over the past twelve months to 

perform any of the five activities of daily living or if they were still unable to perform 

any of the five tasks at the time of the medical exam.  Incontinence was not included 

as one of the items.  

 A modified Rosow-Breslau scale (Rosow and Breslau, 1966) was used to 

measure difficulty in performing strenuous activity.  Three items from the original six 

item scale were used in this study and are shown in Table 3.1.  Performance of the 

task was rated as either no difficulty in performing the task or indicates difficulty in 

performing the task.  

 The CES-D depression scale was a self-report index composed of twenty 

statements that reflected symptoms of depression (Radloff, 1977).  The items included 

Likert statements that evaluated mood, somatic complaints, interactions with others, 

and motor functioning.  Examples of some of the statements were: I feel depressed, I 
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don’t feel like eating, I have trouble keeping my mind on what I was doing, I could 

not get going, I could not shake off the blues, etc. Individuals would respond based on 

the presence of the symptom and the length of time they experienced the symptom.    

 The medical status scale was a measure of the subject’s current medical status 

based on the presence of five health conditions: heart problems, hypertension, 

diabetes, stroke, and cancer.  The severity level of each condition was rated by 36 

physicians based on the impact the condition would have on physical health.   

 

Scoring of Functional Indices 

These scales or indices contained several items that were known to correlate with 

physical and mental status, and predict mortality.  For these three scales, a score of 1 

on each item indicates difficulty or inability, and a score of 0 indicates no difficulty in 

performing a task. Thus, summing the various dichotomous items will form the 

scales.  For each subject, the operational definition used for the category of 

"functionally impaired" was “an inability or difficulty to perform one or more of the 

ADLs belonging to each of the functional variables”. 

 Similarly, depression scores were coded as a dichotomous variable and was 

defined a “1” if the subject reported experiencing or “feeling” the statement or “0” if 

otherwise.  The score was derived from summing the number of depression symptoms 

that the individual reported having experienced.  For example, if the respondent 

reported that they felt depressed, had trouble concentrating, and didn’t feel like eating 

then they would be scored with a 3 for responding positively to each of the items.   
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 For the medical status index, a score was given for each of the five conditions 

evaluated.  The score was derived from the mean physician rating for that condition.  

These scores were then summed across the five conditions to determine the medical 

status index score. 

 

Additional Dental Variables 

Additional dental variables considered in this study were attachment loss and 

gingival recession.  These dental conditions had to be present prior to the 

development of root caries.  The operational definitions for attachment loss and 

gingival recession were the presence of two or more sites per person with an 

attachment loss change of 3+ mm over the study period and an increase in the number 

of sites with 1+ mm of gingival recession as measured with an NIDR probe (Miller et 

al., 1987).  These case definitions were important to help determine that change was 

due to an increase in dental disease and not examiner measurement error.  The 

identified cut points were guidelines accepted by the dental profession to indicate 

“real” clinical changes in periodontal health. 
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Statistical Data Analysis 

 Hazards ratios and 95% confidence intervals were derived from Cox’s partial 

likelihood regression models to assess whether root caries incidence was an 

independent predictor of mortality.  Covariates that were evaluated in this study 

included age, sex, race, tobacco use, urban dwelling, educational level, diabetes, 

xerostomic medications, medical status, deterioration in functional status (IADL’s and 

ADL’s) and depression symptoms. 

Survival analysis:  The analysis used in this study was a traditional survival analysis 

that employed a proportional hazards regression. The outcome was mortality 

(yes/no), and the time variable was length of follow-up from baseline to mortality 

(or withdrawal or censor). The main independent variable was root caries events 

detected in any of the intervals of follow-up, and was treated as a time-varying 

factor. Hazard ratios and 95% confidence intervals were estimated for number of 

root caries events and the interval in which they were detected. Covariates were 

specified a-priori, and evaluated for inclusion in the model based upon whether they 

confounded the main relationship of interest or act as effect modifiers. For estimates 

of mortality by race and urban/rural dwelling, the data were weighted to represent 

the population in the five North Carolina counties.  For all statistical tests, the 0.05 

level of significance was used. 
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CHAPTER 4 
 

Results 
 
 
 

The results are presented for a time period of 84 months with a baseline 

exam and four intervals of follow-up exams.  Initially, 818 dentate older adults were 

examined at baseline.   Eight were excluded from analyses because they were 

neither white nor black.  Of the remaining 810 participants, 646 were examined at 

least one more time during the study and remained dentate.  As expected for a 

cohort of this age, participants were lost to follow-up during the seven years.  Figure 

4.1 displays the percent of subject attrition during each exam interval for all study 

subjects.   

  Figure 4.1 Subject Follow-up 

The primary reason for loss included unavailability (moved, too ill to be examined, 

or unable to contact).  Other subjects were dropped from the study because they 

refused to be reexamined, became edentulous during the seven years, or moved into 
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Table 4.1 
Distribution of Caries Increment 

 
   Number  Number   Cumulative 
 of Lesions of People Percent     Percent   

  0  262    40.6        40.6 
  1  108    16.7        57.3 
  2    78    12.1        69.4 
  3    43      6.7        76.0 
  4    40      6.2        82.2 
  5    15      2.3        84.5 
  6    19      2.9        87.5 
  7    11      1.7        89.2 
  8    12      1.9        91.0 
  9    11      1.7        92.7 
10      9      1.4        94.1 
11+    38      5.8      100.0 

 

a nursing home.   Out of the 646 subjects that met the inclusion criteria, a total of 

113 subjects (17.5%) died from baseline to the end of the study.   

Inter-rater reliability showed good agreement among the examiners over 

time.  At baseline, the intraclass correlation for examiner reliability for root caries 

decayed and filled surfaces was 0.85.  Agreement remained high at 18-, 36-, and 60 

months with scores of 0.91, 0.94, and 0.84 respectively. 

Table 4.1 displays the number of new root caries lesions over the 84 months 

for the 646 participants that were included in the analyses.   

 
 

 

 

 

 

 

 

 

 

 

 

 

Approximately 40% (n=262) of the study population did not develop any carious 

lesions during the length of the study.  Another 30% (n=186) of the participants 

developed one or two lesions during the 84 month study.  The remaining 30% of the 
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participants developed three or more lesions with approximately six percent (n=47) 

of the population with ten or more new lesions identified during the study exams. 

The scales that were used to evaluate the medical, physical and cognitive 

levels of the participants were dichotomized for analyses.  The physical and 

instrumental activities of daily living scales were grouped based on the absence (0) 

or presence (≥1) of impairment.  The depression and medical status scores were 

dichotomized close to the median based on the distribution of scores for 

respondents.  Thus, the higher scores (or upper half) indicated that participants had 

poorer health or more symptoms of depression compared to the lower half of 

subjects.  

Table 4.2 presents the frequency distributions for each of the scales.  For the 

IADL, ADL, and physical impairment scales, the majority of the participants did not 

exhibit a physical ADL or impairment or Instrumental ADL limitation.  The study 

population was almost distributed equally for the depression scale (≤1 vs ≥2) and 

medical status assessment (good [≤ 22] vs poor [≥23] ).   
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Table 4.2 
Frequency Distributions of Dichotomized Scales 

 
 
IADL Scale     Frequency  Percent 
    0                          499      78.5 

≥ 1                   137      21.5 
 
Physical Impairment Scale 
            0         402      63.3 
 ≥  1                    233                        36.7 

 
Physical ADL Scale 
     0         594       94.6 
            ≥ 1           34         5.4 
 
Depression Scale 
  ≤ 1              294        46.2 

 ≥ 2         342        53.8 
 

Medical Status 
         ≤ 22        317         49.8 
         ≥ 23        319         50.2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Table 4.3 presents the dichotomous independent variables by death status for all 

cause mortality and cardiovascular disease mortality.  These data are reported using 

frequencies and percentages.  For all cause mortality, the following variables 

demonstrated significance.  As one would expect, of those individuals over the age 

of 75 years, almost 25% had died compared to only 14% of those younger than 75 

years.  A significantly greater percent of those that reported using tobacco had died 

compared to those that did not use tobacco.  Twenty-two percent of those with an 



 48

educational level less than 12 years of schooling had died compared to only ten 

percent of those with 12 or more years of schooling. Of those reporting a history of 

diabetes, 26% had died compared to 16% of those without diabetes. Of the 

respondents who reported having difficulty with at least one IADL, 26% had died 

with only 15% dying without IADL limitations.  The same pattern was seen with 

those reporting a physical impairment.  Twenty-six percent of those with difficulty 

performing a task died compared to 13% of those dying that had no difficulty.  For 

medical status, fewer individuals died (13%) that were rated by physicians with 

good health compared to 21% that died who were in poor health.   

Table 4.3 also presents the bivariate analysis for the independent variables 

by cardiovascular disease mortality.  Different variables appeared to have a bivariate 

association with cardiovascular disease mortality with only three of the variables 

(educational level, IADL, and physical impairment) showing a significance 

difference.  Of those with 12 or more years of education, fewer died (4%) compared 

to those with less than 12 years of schooling (14%).  Seventeen percent of those 

with at least one limitation in the IADL’s had died compared to only 7% that died 

with no reported limitations in the IADL’s.  Fewer individuals (7%) died without 

physical impairments than those with impairments (15%).  Although not significant 

bivariately, four of the variables (age, tobacco use, diabetes, and medical status) 

displayed trends similar to those seen in the bivariate analysis for all cause 

mortality.  The lower number of CHD cases most likely resulted in an inadequate 

amount of power to detect differences between the groups. Another item to consider 

is the bias effect of multiple testing on the level of significance.  Based on the 
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number of variables in Table 4.3, we would not expect more than one variable to be 

significant by chance.     
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Table 4.3 
All Cause and Cardiovascular Disease Mortality 

According to Baseline Characteristics 
of Study Subjects 
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The third column of Table 4.4 presents the study variables by the main 

exposure variable, root caries increment, as a dichotomous variable.  The data are 

presented as frequencies and percentages when the exposure variable is 

dichotomized as high and low.  The high group was defined as the number of 

participants (n=209) with one or more new carious lesions per 18 months (≥ 1.0 

lesion(s) per 18 months).  The low group (n=437) was comprised of those with less 

than one carious lesion per 18 months.   This caries increment was determined by 

dividing the number of new lesions by 18 months.   

A lower percent of females (27%) had one or more root caries lesions 

compared to 42% of the males in the same category.  By race, 38% of the whites 

had one or more root caries lesions compared to 28% of the Blacks in the high root 

caries category.  Of those individuals that did not live in the city, 37% were 

diagnosed with one or more root caries lesions.  This was significantly different 

from those that lived in the city with 28% being diagnosed with one or more root 

caries lesions.  Fifty-three percent of those individuals that reported the need of an 

aide to perform any of the ADL tasks had one or more root caries lesions compared 

to 32% of those with high root caries that did not need physical aide.   

Also shown in column four of Table 4.4, data were analyzed with root caries 

as a continuous variable (Root Caries per 18 months).  These data are presented 

using means and standard errors.  As a continuous variable, root caries was defined 

as the number of new root caries lesions per 18 months.  This value was derived by 

dividing the number of new root caries lesions by the number of months the tooth 

was at risk.  That monthly value was then multiplied by 18 to give an 18 month rate.  
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The mean overall caries rate per 18 months was 0.96.  The significant categorical 

variables bivariately associated with root caries rate per 18 months were sex, race, 

and live in the city.  Males had a higher rate of root caries (1.24) compared to 

females (0.76).  Whites had a higher mean rate of root caries (1.09) than Blacks 

(0.84).  Those individuals that lived outside of the city had a higher mean root caries 

rate (1.09) than those living in the city (0.83). Those individuals with at least one 

activity of daily living limitation had a higher mean root caries rate per 18 months 

compared to those without, but there was not a significant difference between the 

two groups. This finding was similar to the statistically significant difference seen in 

the bivariate analysis when root caries increment was dichotomized.       
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Table 4.4 
Root Caries Incidence (Dichotomous and Continuous) According  

to Baseline Characteristics of Study Subjects 
with All-Cause Mortality 
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Table 4.5 presents a similar analysis with cardiovascular disease mortality as 

the outcome.  The same patterns were seen as all cause mortality with sex, race, live 

in the city, and needs physical aid variables showing significant bivariate 

associations with root caries when dichotomized as low and high.  Thus, in the high 

caries group, there was a greater percent of males than females, a higher percent of 

whites than blacks, a greater proportion of individuals that lived rural than urban, 

and a higher percent that had at least one physical limitation compared to none.  

When root caries was defined as the continuous variable, the root caries mean per 

18 months for sex, race, and live in the city were significant (p<0.05).  Males, 

whites, and subjects living in rural areas had a higher root caries mean.  Unlike the 

dichotomous exposure variable, needs physical aid was not significant for the 

continuous exposure variable.  Though, subjects with physical limitations did show 

a higher mean of root caries per 18 months compared to subjects without 

limitations.  This same pattern was seen when the continuous exposure variable was 

analyzed using all-cause mortality as the outcome variable. 

 

 

 

 

 

 

 

 



 55

Table 4.5 
Root Caries Incidence (Dichotomous and Continuous) According  

to Baseline Characteristics of Study Subjects 
with Cardiovascular Disease Mortality 
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Table 4.6 presents various categories of cause of death by root caries incidence.  

The first category, all-cause mortality, represents death as a result of any reason.    

The data showed that a high root caries increment was significantly associated with 

all cause mortality as compared to a low root caries increment (23% vs 15%, 

respectively, P<0.01) as was the 18-month caries mean (P=0.03).  The second 

outcome, cardiovascular disease, included both heart disease and stroke casualties. 

Although not significant statistically, the high root caries group had a greater 

percent of deaths compared to the low root caries group, (11.6% vs 9.3%, 

respectively, P>0.38).  The 18 month mean rate of root caries followed the same 

pattern with a higher mean rate of root caries occurring for those dying of 

cardiovascular disease as compared to a lower mean rate of root caries for those that 

were alive (P>0.22).  Heart disease, stroke, and infectious diseases followed the 

same trend as cardiovascular disease with a higher percent of deaths seen in the high 

root caries increment group as compared to the low root caries increment group.  

The mean root caries per 18 months rate for heart disease, stroke, and infectious 

diseases also followed the same pattern with a higher mean for the deceased 

subjects compared to the living, although there was not a statistically significant 

difference between the two groups.  The remaining systemic condition showed a 

significant association with a high caries increment as compared to low caries 

increment in those individuals with cancer mortality (5% vs 1%, respectively, 

P<0.01). The 18-month caries mean rate was not significantly different between 

those alive and dead, but those individuals that died of cancer presented with a 
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higher root caries mean rate of 1.77 compared to the root caries mean of those alive 

(0.87). 

In addition to evaluating bivariately root caries incidence by mortality cause, 

we looked at the unadjusted odds ratio model of root caries and all-cause mortality.  

The findings revealed that root caries and death due to all causes had a significant 

association with an odds ratio of 1.8 (95% CI 1.2-2.7, p<0.01). Due to the small 

number of individuals dying from stroke (n=8), infectious diseases (n=15), and 

cancer (n=12), separate analyses were conducted only for cardiovascular disease 

mortality.  
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Table 4.6 
Cause of Death According to Caries Incidence  

by Percent, Means (SE), Odds Ratios and Hazard Ratios 
    

     ALIVE DEAD                    P-            95%      P-                 95%       P- 
Exposure Variable     N     (%)  N     (%)       Value   OR       CI      Value     HR    CI       Value 
 

All Cause Mortality  Unadjusted Logistic   Unadjusted Survival  
Root Caries Increment (n=646)                                                                                            Model                         Model 
 (n=437) Low    373 (85.4) 64 (14.6)  1.8   (1.2, 2.7)   <0.01      1.7  (1.2, 2.5)  0.01            
  
        <0.01 
 (n=209) High    160 (76.6) 49 (23.4) 
 
Root Caries per 18 mo  (mean, SE)    0.87 (0.06)         1.34 (0.21)        0.03     1.2   (1.1, 1.3)   <0.01      1.2  (1.1, 1.3)  <0.01 

 
Cardiovascular Disease 

Root Caries Increment (n=592)                                                                               1.3   (0.7, 2.3)     0.34     1.3   (0.8, 2.2)   0.34 
(n=411) Low    373 (90.8)   38 (  9.3) 

         0.38 
 (n=181) High    160 (88.4)   21 (11.6)  
 
Root Caries per 18 mo  (mean, SE)   0.87(0.06)           1.27(0.31)        0.22    1.1   (1.0, 1.3)      0.07     1.2   (>1.0, 1.3)  .04 
 

Heart Disease 
Root Caries Increment (n=584) 

(n=407) Low    373 (91.7)    34 (  8.4) 
         0.62                  **                                 **                      
(n=177) High    160 (90.4)    17 ( 9.6)  

 
Root Caries per 18 mo  (mean, SE)   0.87(0.06)             1.24(0.35)        0.31 

 
     Stroke  
Root Caries Increment (n=541) 

(n=377) Low    373 (98.9)    4 (  1.1) 
          0.22                   **                                  ** 
 (n=164) High    160 (97.6)    4 (  2.4)  
 
Root Caries per 18 mo  (mean, SE)   0.87(0.06)             1.41(0.58)        0.28 

 
Infectious Disease 

Root Caries Increment (n=548) 
(n=382) Low    373 (97.6)    9 (  2.4) 

         0.41                    **                                ** 
 (n=166) High    160 (96.4)    6 (  3.6) 
 
Root Caries per 18 mo  (mean, SE)   0.87(0.06)            0.95(0.33)        0.84 
 
     Cancer  
Root Caries Increment (n=545) 

(n=377) Low    373 (98.9)    4 (  1.1) 
        <0.01                  **                                  ** 
 (n=168) High    160 (95.2)    8 (  4.8)  
 
Root Caries per 18 mo  (mean, SE)   0.87(0.06)             1.77(0.59)        0.16 

    
**Small number of events resulted in unstable estimates  
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Tables 4.7 through 4.14 present final logistic regression and survival models 

for both all cause mortality and cardiovascular disease mortality.  Multivariate 

models were developed based on explanatory variables that were significant at the 

P=0.05 level in the bivariate analyses.  Those variables that were not significant 

bivariately were removed from the model.  Significant variables or those that did not 

confound at a level of more than a five percent change in the parameter estimate 

were included in the final models. Full multivariable models are included in the 

Appendix.   

 

Root Caries as a Continuous Variable: 

Table 4.7 presents a logistic regression model for all cause mortality by 

number of new root caries lesions per 18-month period.  For every new root caries 

lesion over an 18-month period of time, those individuals were at 16% greater odds 

of dying.  Those that had less than a high school education were over two times 

more likely to die as well as those 75 years or older.  Other explanatory variables 

that were significant in the model included: being male (OR 1.65, C.I. 1.04-2.61), 

having diabetes (OR 1.91, C.I. 1.14- 3.19), and difficulty performing a physical task 

(OR 1.98, C.I. 1.22- 3.21). 
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Table 4.7 
Multivariable Logistic Regression Model 

All Cause Mortality by Number of Root Caries Lesions per 18 Months 
(Final Model) 

 
  

Parameter 
Estimate 

 
SE 

 
Odds Ratio 

 
CI 

 
p-value

Intercept -0.97 0.56 ----- ----- 0.08
N Root Caries 

Lesions per  
18 months 

 
0.14

 
0.06

 
1.16

 
1.02, 1.31 

 
0.02

Age 
 (≥75 Yrs) 

 
0.75

 
0.23

 
2.11

 
1.35, 3.31 

 
<0.01

Sex 
(Male) 

 
0.50

 
0.24

 
1.65

 
1.04, 2.61 

 
0.03

Race 
(White) 

 
0.24

 
0.25

 
1.28

 
0.78, 2.08 

 
0.33

Use Tobacco 
(Yes) 

 
0.29

 
0.24

 
1.34

 
0.83, 2.15 

 
0.23

Live in City 
(Yes) 

 
0.43

 
0.23

 
1.54

 
0.97, 2.43 

 
0.07

Educational 
Level  

(<12 yrs) 

 
0.95

 
0.28

 
2.59

 
1.48, 4.52 

 
<0.01

Diabetes 
 (Yes) 

 
0.65

 
0.26

 
1.91

 
1.14, 3.19 

 
0.01

Physical 
Impairment 

(Yes)(RosBro) 

 
0.68

 
0.24

 
1.98

 
1.22, 3.21 

 
<0.01

   Physical 
ADL’s 

(Yes) 

 
0.44

 
0.44

 
1.55

 
0.66, 3.64 

 
0.32
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Table 4.8 

Multivariable Survival Model 
All Cause Mortality by Number of Root Caries Lesions per 18 

Months 
(Final Model) 

 
 Parameter 

Estimate 
 

SE 
Hazard 
Ratio 

 
CI 

 
p-value 

  N Root 
Caries 

Lesions per  
18 months 

 
0.15

 
0.05

 
1.16

 
1.05, 1.29

 
<0.01 

Age  
(≥75 Yrs) 

 
0.64

 
0.20

 
1.90

 
1.29, 2.80

 
<0.01 

Sex 
(Male) 

 
0.42

 
0.20

 
1.52

 
1.02, 2.27

 
0.04 

Race 
(White) 

 
0.25

 
0.22

 
1.28

 
0.84, 1.96

 
0.25 

Use Tobacco 
(Yes) 

 
0.25

 
0.21

 
1.28

 
0.85, 1.94

 
0.24 

Live in City 
(Yes) 

 
0.38

 
0.20

 
1.47

 
0.99, 2.19

 
0.06 

Educational 
Level 

 (<12 yrs) 

 
0.88

 
0.25

 
2.42

 
1.47, 3.98

 
<0.01 

Diabetes 
 (Yes) 

 
0.54

 
0.22

 
1.71

 
1.12, 2.63

 
0.01 

Physical 
Impairment 

(Yes) 

 
0.63

 
0.21

 
1.87

 
1.23, 2.84

 
<0.01 

  Physical 
ADL’s 

(Yes) 

 
0.35

 
0.36

 
1.42

 
0.71, 2.86

 
0.32 

 When the data were evaluated using survival analysis, shown in Table 4.8, 

root caries remained significant (p<0.01) as well as the other explanatory variables 

cited in the logistic regression model.  Individuals had a 16% higher risk of dying 

for every new root caries lesion they developed over an 18-month period of time.  

As in the logistic regression model, educational level was the strongest predictor of 

all cause mortality (HR 2.42, C.I. 1.47-3.98) for someone with one root caries 
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lesion. Additional variables that were predictive of death were age (≥75 years), 

having a physical impairment, having diabetes, and being male.  If multiple root 

caries lesions were present, then root caries would be a stronger predictor of death 

than educational level, age, physical impairment, diabetes, and sex. 

Tables 4.9 and 4.10 present the final logistic and survival models for 

cardiovascular disease mortality, respectively.   In the logistic model (Table 4.9), 

root caries presence over an 18-month time period did not have a significant 

association with cardiovascular disease mortality (p=0.054).  Once again, 

educational level had the strongest relationship to cardiovascular disease in this 

model with a 4.1 odds ratio.  Physical impairment was significantly related with an 

odds ratio of 2.2.   
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Parameter 
Estimate 

 

SE 

 
Odds 
Ratio 

 
95% 
CI 

 
 

p-value 

Intercept -1.73 0.71 ----- ----- 0.01 
N Root Caries 

Lesions per 
18 months 

 
0.15 

 
0.08 

 
1.16 

 
1.00, 1.35 

 
>0.05 

Age  
(≥75 Yrs) 

 
0.29 

 
0.30 

 
1.34 

 
0.74, 2.40 

 
0.33 

Sex 
(Male) 

 
0.15 

 
0.31 

 
1.16 

 
0.64, 2.12 

 
0.62 

Race 
(Black) 

 
0.03 

 
0.32 

 
1.03 

 
0.55, 1.94 

 
0.92 

Live in City 
(yes) 

 
0.28 

 
0.30 

 
1.32 

 
0.74, 2.37 

 
0.35 

Education 
<12 Yrs 

 
1.40 

 
0.41 

 
4.08 

 
1.83, 9.09 

 
<0.01 

Physical 
impairment 

(yes) 

 
0.77 

 
0.30 

 
2.16 

 
1.19, 3.90 

 
0.01 

 

Table 4.9 
Multivariable Logistic Regression Model 

Cardiovascular Disease Mortality by Number of  
Root Caries Lesions per 18 Months 

(Final Model) 
 

 

 

The survival model for cardiovascular disease mortality (Table 4.10) 

revealed that root caries was associated with cardiovascular disease mortality with a 

hazard ratio of 1.18 (p=0.02).  Thus, for each new root caries lesion developed over 

an 18-month period of time, an individual was at an 18% greater risk of dying of 

cardiovascular disease than not dying. Another variable in this model associated 

with cardiovascular disease mortality was educational level.  Having the same trend 
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as demonstrated in previous models, having less than 12 years of schooling and 

developing a root caries lesion over an 18 month period increased the risk of dying 

of cardiovascular disease fourfold (HR 4.07, C.I. 1.88-8.77).  Limitations in at least 

one of the instrumental activities of daily living resulted in individuals being almost 

two times more likely to die of cardiovascular disease (p=0.03). 

 

Root Caries as a Dichotomous Exposure: 

The last four tables (Tables 4.11- 4.14) present the exposure variable, root 

caries, as a dichotomous variable.  The logistic regression model for all cause 

mortality (Table 4.11) shows a relationship of a high rate of root caries with 

Table 4.10 
Multivariable Survival Model  

Cardiovascular Disease Mortality by Number of Root Caries Lesions 
per 18 Months 
(Final Model) 

 Parameter 
Estimate 

SE Hazard  
Ratio 

 
CI 

 
p-value 

N Root 
Caries 

Lesions per 
18 Months 

 
0.17 

 
0.07 

 
1.18 

 
1.02, 1.36 

 
0.02 

Age  
(≥75 Yrs) 

 
0.33 

 
0.27 

 
1.39 

 
0.81, 2.39 

 
0.23 

Sex 
(Female) 

 
0.01 

 
0.28 

 
1.01 

 
0.58, 1.73 

 
0.99 

Race 
(White) 

 
0.03 

 
0.30 

 
1.03 

 
0.57, 1.87 

 
0.91 

Live in City 
(yes) 

 
0.30 

 
0.28 

 
1.35 

 
0.78, 2.33 

 
0.28 

Education 
<12 Yrs 

 
1.40 

 
0.39 

 
4.07 

 
1.88, 8.77 

 
<0.01 

IADL 
(yes) 

 
0.63 

 
0.29 

 
1.87 

 
1.06, 3.30 

 
0.03 
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mortality.  Individuals with one or more root caries are almost two times more likely 

to die. Other variables in the model with an association to all cause mortality 

included less than 12 years of schooling, greater than or equal to 75 years of age, 

difficulty performing a task, and having diabetes.  

Table 4.11 
Multivariable Logistic Regression Model 

All Cause Mortality by Level of Root Caries Increment 
(Final Model) 

 
Variable 

(Risk Group) 
Parameter 
Estimate 

 
SE 

Odds 
Ratio 

 
 95% CI 

 
p-value 

Intercept -0.93 0.54 ----- -----  0.09
Root Caries 

Increment 
(High) 

 
0.66

 
0.24

 
1.94

 
1.22, 3.08 

 
<0.01

Age 
 (≥75 Yrs) 

 
0.72

 
0.23

 
2.05

 
1.31, 3.21 

 
<0.01

Sex 
(Male) 

 
0.44

 
0.23

 
1.55

 
0.98, 2.46 

 
0.06

Race 
(White) 

 
0.21

 
0.24

 
1.23

 
0.77, 1.99 

 
0.39

Live in City 
(yes) 

 
0.45

 
0.24

 
1.57

 
0.99, 2.49 

 
>0.05

Educational 
Level  

(<12 yrs) 

 
1.07

 
0.28

 
2.92

 
1.69, 5.03 

 
<0.01

Diabetes 
 (Yes) 

 
0.63

 
0.26

 
1.87

 
1.12, 3.11 

 
0.02

Physical 
Impairment 

(yes) 

 
0.72

 
0.24

 
2.06

 
1.30, 3.28 

 
<0.01
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 The survival model for all cause mortality (Table 4.12) with the 

dichotomous exposure variable shows the same significant variables related to all 

cause mortality (root caries, greater than or equal to 75 years of age, diabetes, and 

difficulty performing a task) as in the logistic model.  Those with root caries had an 

86% greater chance of dying than those with no root caries lesions.  Less than 12 

years of schooling had the strongest association with an odds ratio of 2.6 (C.I. 1.60, 

4.24).  Being male was almost significantly related to all cause mortality in this 

model (p=0.051).  

 

Table 4.12 
Multivariable Survival Model 

All Cause Mortality by Level of Root Caries Increment 
(Final Model) 

 
Variable 

(Risk Group) 
Parameter 
Estimate 

 
SE 

Hazard 
Ratio 

 
95% CI 

 
p-value 

Root Caries 
Increment 

(High) 

 
0.63

 
0.20

 
1.86

 
1.25, 2.80 

 
<0.01

Age 
(≥75 Yrs) 

 
0.61

 
0.20

 
1.85

 
1.26, 2.77 

 
<0.01

Sex 
(Male) 

 
0.39

 
0.20

 
1.48

 
<1.00, 2.19 

 
>0.05

Race 
(White) 

 
0.21

 
0.21

 
1.24

 
0.82, 1.86 

 
0.31

Live in City 
(Yes) 

 
0.40

 
0.20

 
1.49

 
<1.00, 2.22 

 
>0.05

Educational 
Level 

(<12 Yrs) 

 
0.96

 
0.24

 
2.60

 
1.60, 4.24 

 
<0.01

Diabetes 
(Yes) 

 
0.54

 
0.22

 
1.71

 
1.12, 2.63 

 
0.01

Physical 
Impairment 

(Yes) 

 
0.67

 
0.21

 
1.96

 
1.31, 2.93 

 
<0.01
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The cardiovascular disease models show a different pattern than the all cause 

mortality models.  Table 4.13 displays the logistic regression model for 

cardiovascular disease by the dichotomous exposure variable root caries rate.  Root 

caries in this model does not show an association with cardiovascular disease 

mortality.  Educational level has the strongest relationship with heart disease 

mortality.  Participants had a four times greater odds of dying of heart disease than 

those with at least 12 years of education.  Difficulty in performing a task renders an 

individual with a risk of twice as high of dying from cardiovascular disease than 

those without physical limitations.   

 
Table 4.13 

Multivariable Logistic Regression Model 
Cardiovascular Disease Mortality by Level of Root Caries Increment 

(Final Model) 
 

 
 

 

Variable 
(Risk Group) 

Parameter 
Estimate 

 
SE 

Odds 
Ratio 

 
CI 

 
p-value 

Intercept -1.62 0.70 ----- -----  0.02 
Root Caries 

Increment 
(High) 

 
 0.33

 
0.32

 
1.39

 
0.75, 2.57 

 
0.30 

Age 
 (≥75 Yrs) 

 
0.28

 
0.30

 
1.33

 
0.74, 2.39 

 
0.35 

Sex 
(Male) 

 
0.19

 
0.30

 
1.21

 
0.67, 2.19 

 
0.53 

Race 
(Black) 

 
0.03

 
0.32

 
1.03

 
0.54, 1.93 

 
0.94 

Live in City 
(Yes) 

 
0.27

 
0.30

 
1.31

 
0.72, 2.36 

 
0.37 

Educational 
Level  

(<12 Yrs) 

 
1.42

 
0.41

 
4.13

 
1.86, 9.17 

 
<0.01 

Physical 
Impairment 

(Yes) 

 
0.74

 
0.30

 
2.09

 
1.16, 3.76 

 
 0.01 
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The survival model (Table 4.14) for cardiovascular disease mortality and 

root caries rate was similar to the logistic regression model with educational level 

and physical impairment showing a relationship to cardiovascular disease mortality.  

Root caries rate did not show an association with cardiovascular disease mortality in 

this model. 

 
 

Table 4.14 
Multivariable Survival Model 

Cardiovascular Disease Mortality by Level of Root Caries Increment 
(Final Model) 

 
Variable 

(Risk Group) 
Parameter 
Estimate 

 
SE 

Hazard 
Ratio 

 
CI 

 
p-value 

Root Caries 
Increment 

(High) 

 
0.33

 
0.29

 
1.39

 
0.78, 2.47 

 
0.26

Age 
 (≥75 Yrs) 

 
0.28

 
0.28

 
1.32

 
0.77, 2.27 

 
0.31

Sex 
(Male) 

 
0.15

 
0.28

 
1.17

 
0.67, 2.02 

 
0.59

Race 
(Black) 

 
0.02

 
0.30

 
1.02

 
0.57, 1.83 

 
0.95

Live in City 
(Yes) 

 
0.26

 
0.28

 
1.30

 
0.75, 2.25 

 
0.35

Educational 
Level  

(<12 yrs) 

 
1.35

 
0.39

 
3.86

 
1.79, 8.33 

 
<0.01

Physical 
Impairment 

(yes) 

 
0.68

 
0.28

 
1.97

 
1.14, 3.40 

 
0.02
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Summary of Findings 

 The participants in this study included 646 dentate older adults who were 

present at the baseline exam and at least one follow-up exam during the seven year 

study.  All participants were older adults and lived in North Carolina communities. 

Eight multivariable logistic regression (n=4) and survival models (n=4) were 

developed to assess if there was a relationship between root caries and mortality, the 

primary objective of this study.  Based on the results of this study, root caries does 

appear to be associated with mortality due to all causes.  Both logistic regression 

and survival analyses showed the exposure variable root caries (continuous and 

dichotomous) remained significant when explanatory variables that were significant 

bivariately were introduced into the model. The secondary objective was to 

determine whether root caries was a risk marker for specific diseases.  Due to small 

numbers, cardiovascular disease was the only specific disease that data were 

analyzed to evaluate a possible association with root caries.  Out of the four models 

with cardiovascular disease mortality as the outcome variable, only the survival 

model showed root caries (continuous variable) to be significant at the 0.05 level.  

The logistic regression model with root caries as a continuous variable approached 

significance.  Root caries did not remain significant in the cardiovascular models 

when the exposure variable was dichotomized. 
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Research Question 1:  Did root caries incidence predict those individuals at a 

 greater risk for overall mortality? 

 The unadjusted models showed that root caries incidence was associated 

with mortality due to all causes.  When using logistic regression analysis, root caries 

as a continuous variable showed that for each root caries lesion developed over 18 

months that an individual had a 20% higher odds of dying compared to someone 

who did not develop root caries.  The odds appeared even higher with the exposure 

variable, root caries, was dichotomized as high or low.  Those individuals in the 

high root caries group over 18 months had 80% greater odds of dying compared to 

those in the low root caries group.  Thus, based on this study population, there does 

appear to be an association of root caries incidence to overall or total mortality. 

 

Research Question 2:  How strong was the risk prediction model for mortality when 

identified risk factors (age, race, sex, functional status, 

cognitive status) for root caries and for mortality were 

controlled statistically? 

The risk prediction models for root caries (continuous and dichotomized) and 

mortality due to all causes remained significant when identified risk factors were 

included in the model.  When prediction models were built with root caries 

incidence per 18 months used as a continuous variable, the odds ratio and hazard 

ratio of 1.16 remained significant at the p<0.05 level when controlling for 

known risk factors such as age, sex, race, tobacco use, physical impairment, and 
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diabetes.  Other socioeconomic factors that appeared to contribute to the 

association were educational level and geographic location of the home. 

In order to evaluate the strength of the association, we determined the 

percent of change between the unadjusted and adjusted prediction models.  

Comparison of the adjusted odd and hazard ratios to the crude odd and hazard 

ratios, indicated the amount the other variables in the model confounded the 

association.  For all-cause mortality with root caries defined as a continuous 

variable, the other variables in the model accounted for only a small amount 

(3%) of confounding.   

 When the exposure variable was dichotomized for the prediction 

models, the same trend was seen as when the continuous variable was used, 

although the model changed slightly in regards to the risk variables.  The odds 

and hazard ratios were stronger for the dichotomized root caries variable, 1.94 

and 1.86 respectively.  Compared to the prediction models created with the 

continuous exposure variable, tobacco use and physical ADL’s did not 

contribute to the association of the dichotomized root caries exposure variable 

and mortality.  When we evaluated the confounding effect of the variables, a 

negative relationship existed between the other variables in the model.   Thus, an 

improved relationship was observed in the adjusted models by 8% in the odds 

ratio and 10% in the hazards ratio when the adjusted and crude models were 

compared.   
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Research Question 3:  Is root caries incidence a marker for a specific cause of 

death (heart disease, cancer, infectious diseases, chronic 

obstructive pulmonary disorder (COPD), and 

cerebrovascular accidents)? 

 Due to the small number of individuals that died due to cancer, infectious 

disease, COPD, and cerebrovascular accidents, analysis of these data resulted in 

unstable estimates.  By combining heart disease with cerebrovascular accidents for 

analysis purposes, we were able to evaluate root caries incidence as a marker for 

cardiovascular disease.  Of the four risk prediction models developed for 

cardiovascular disease, a significant association was seen for root caries and 

cardiovascular disease when the exposure variable was defined as a continuous 

variable and the data were analyzed using the survival analysis.  Those individuals 

that developed a root lesion during an 18 month period were at an 18% higher risk 

of dying of cardiovascular disease than those with no root caries.  Other explanatory 

variables that contributed to this model were: less than a high school education, at 

least one limitation in the instrumental activities of daily living, being age 75 or 

older, being female, being white, and living in the city.   Although not significant, 

the logistic regression model for cardiovascular disease with root caries as a 

continuous variable approached significance with a p-value of 0.054.  In this model, 

educational level continued to have a strong association with cardiovascular disease.  

The other variables in the model included: physical impairment, being 75 years old 

or older, living in the city, and being a black male.  When we compared the crude 

and adjusted models for the amount of change due to confounding, we found that in 
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the cardiovascular disease model with root caries as a continuous variable a small 

amount of the association (2%) was contributed to the confounding of the other 

explanatory variables in the model. 

 Neither the logistic regression or survival model for cardiovascular disease 

risk was significantly associated with root caries when it was dichotomized.  

Explanatory variables included in these models were: being 75 years old or older, 

being black, being male, living in the city, having less than a high school education, 

and having at least one physical limitation.        
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         CHAPTER 5 
 

SUMMARY, CONCLUSIONS, IMPLICATIONS, 
AND RECOMMENDATIONS 

 
Summary 

This study was designed to explore the possible association between root 

caries incidence and mortality in a random sample of North Carolina black and 

white community-dwelling older adults.  The specific research questions to be 

answered were: 

 

1. Does root caries incidence predict those individuals at a greater risk for 

overall mortality? 

2.  How strong is the risk prediction model for mortality when identified risk 

factors (age, race, sex, functional status, cognitive status) for root caries and 

for mortality are controlled statistically? 

3. Is root caries incidence a marker for a specific cause of death (heart disease, 

cancer, infectious diseases, and cerebrovascular accidents)? 

 

 Data were collected from two databases: Duke Established Populations for 

Epidemiologic Studies of the Elderly (EPESE), which provided the mortality data and 

the Piedmont 65+ Dental Study (PDS), which provided the root caries incidence data 

on the same individuals.   The EPESE study also provided information pertaining to 

medical, social, and sociodemographic data.  The PDS also assessed conditions 

pertaining to oral health.  The PDS study was designed to be a subset of the study 

population for the EPESE study.  A total of 810 elder subjects were originally 
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examined for the PDS study.  The study population was over-sampled for Blacks to 

assure a large enough sample to allow for statistical comparisons with Whites.  

Additionally, there were approximately the same numbers of rural elders as urban 

elders in the study.  To be included in the sample population for the present study, 

each subject had to be examined at least two times during an 84-month period, 

retain at least one natural tooth, and not have any contraindications for periodontal 

probing.  A total of 646 subjects met the study criteria and were included in the data 

analysis.   

Dental exams were conducted in each of the participants’ homes by a 

calibrated dental examiner and data recorder.  The dental exams, which included 

both hard and soft tissue measures, were scheduled at baseline, 18-months, 36 

months (3-years), 60 months (5 years), and 84 months (7 years).  Inter-rater 

reliability remained high throughout the duration of the study. 

The exposure variable was root caries incidence, which was defined as the 

number of new lesions divided by the number of months the person participated in 

the study.  This monthly rate was then multiplied by 18 to establish an 18-month 

time increment which followed the dental exam time increments.   

The outcome variable was death due to all causes and cardiovascular 

disease.  The surveillance period for the outcome was 108 months (9 years), so if 

the participant was still alive at that time then they were censored at that point.  We 

were unable to analyze other causes of death due to small numbers of subjects in 

those categories.  It was possible to ascertain the primary cause of death since death 



 76

certificates were part of the EPESE study.  Death cause codes were acquired from 

the standard ICD-9 (International Classification of Diseases) code book. 

Other variables used in the study included educational level, geographic 

community, age, sex, race, functional indices, cognitive state, tobacco use, and 

medical conditions.  These variables were used as covariates when assessing the 

relationship of root caries and mortality. 

For analysis, the exposure variable was used as a continuous variable as well 

as a variable dichotomized into high and low exposures of root caries.  

Multivariable risk models were built from those variables that showed a significant 

bivariate relationship to either the exposure variable or outcome variable.  Final 

models were composed of those variables that were significant or confounded the 

association of root caries and mortality.  Odds ratios and hazards ratios with 95% 

confidence intervals were derived from logistic regression and Cox’s partial 

likelihood regression models respectively.  These models were used to assess whether 

root caries incidence was an independent predictor of mortality.   

Results showed that root caries incidence was predictive of mortality due to 

all causes.  This association was independent of other explanatory variables in the 

risk models.  The association of root caries incidence with cardiovascular disease 

was not as clear.  Only one model demonstrated that root caries was predictive of 

heart disease mortality.    
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Conclusions 

 

Root caries is a major cause of tooth loss in the older adult population (Beck, 

1993).  A review of the literature documented a wide variety of factors that could be 

identified as risk markers and risk factors for root caries.  These variables not only 

included oral conditions (i.e. poor oral hygiene), but social, medical, and behavioral 

factors contributed to this process.  Research has shown a relationship between 

periodontal disease and systemic disease with more recent studies reporting an 

association between periodontal disease and cardiovascular disease mortality 

(Ajwani, Kimmo, Mattila, Tilvis, Ainamo, 2003).  Since root caries can not occur 

anatomically without the progression of periodontal disease, it is important to 

carefully evaluate the possible role of root caries and its association with systemic 

disease.  The development of causal models for root caries is necessary for 

determining whether root caries is a risk marker or risk factor for mortality.   Based 

on the findings of this study, four major conclusions were formulated and presented 

in this chapter. 

 

Conclusion 1:  In the unadjusted models, root caries incidence appeared to be 

associated with all-cause mortality. 

Unadjusted logistic regression and survival models for root caries incidence 

and mortality due to all causes were significant.  This demonstrated that there was 

an association of root caries incidence with mortality due to any cause.  Similar 

findings were reported by Beck (1988) and Mattila et al. (1989).   
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When root caries incidence was defined as a continuous variable, both the 

odds ratio and hazards ratio indicated that an individual who developed one root 

caries lesion during an 18 month period was at a 20% greater risk of dying.  

Additional root caries lesions would increase the odds even higher.  An even 

stronger association was seen when root caries was dichotomized into a low and 

high group.  The hazard and odds ratios indicated that an individual with a high rate 

of root caries had a 70% to 80% greater chance of dying than those with a low rate 

of root caries. 

When we looked at specific causes of death in unadjusted survival analysis 

models, root caries incidence (when defined as a continuous variable) showed a 

significant association with cardiovascular disease.  Several studies have 

investigated the role of periodontal disease to cardiovascular disease (Mattila et al., 

1989; Mattila et al., 1993; DeStefano et al., 1993), but few have assessed the 

possible role of root caries. 

One question that needs to be considered is whether there is a biological 

pathway that would make this finding plausible.  As we discussed in Chapter 1, the 

caries process involves microorganisms that break down the tooth structure.  In 

order for root caries to occur, there must be gingival recession that most often is a 

product of periodontal disease.  Since the periodontal disease has created an 

invasive pathway into the body, it would be possible for the root caries 

microorganisms that are adjacent to this site to innervate the body also.   

Although there appears to be a biological pathway for dental 

microorganisms to systemically enter the body, we are unable to determine from 
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this study that root caries is a risk factor for mortality.  Not all people that develop 

root caries die.  There are other known risk factors associated with mortality.  Due 

to the high turnover rate of cells in the oral cavity, oral tissues are often a reflection 

of conditions that are occurring systemically in the body. Even though there may be 

a plausible mechanism underlying this association, no conclusions should be drawn 

from analyses that do not adjust for possible confounders of the association.    

  

Conclusion 2:  The association between root caries incidence and mortality 

remained independent of other identified risk factors (age, race, sex, 

functional status, cognitive status). 

Four predictive risk models were developed based on known risk factors for 

mortality and root caries.   The results of these models showed that root caries was 

still significant when other factors were included in the model.   Root caries is often 

associated with poor oral hygiene, functional disability, and loss of cognitive ability.  

Even when these variables were controlled for statistically, root caries incidence 

remained significant in the all cause mortality models. Thus, root caries remained 

independent of other variables known to be associated with mortality.  In addition, 

the other variables contributed very little to confounding the association between 

root caries and mortality.   

Once again, we may want to ask if root caries could be a risk factor for 

mortality. Without further evidence it is prudent to assume that the presence of root 

caries is simply an early marker for systemic decline and function.   One type of 
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additional evidence needed to determine whether root caries is a risk factor would 

be to establish that prevention of root caries would reduce mortality.   

 

Conclusion 3:  Root caries incidence may be a marker for cardiovascular disease. 

 In this study, cardiovascular disease was the only specific cause of death that 

we were able to explore.  One of the four models showed significance and a second 

was close to significance when cardiovascular disease mortality was the outcome 

variable and root caries incidence was a continuous variable.  The survival model 

showed a significant association between root caries incidence and cardiovascular 

disease mortality.  One important component of the survival analysis is that it 

incorporates time as a factor.  This provided a more robust analysis of the data, thus 

indicating that people with root caries die sooner.  In the logistic regression model, 

root caries incidence was close to being significant.  Low numbers of subjects that 

had died of cardiovascular disease and the lack of the “time to event” component as 

part of the analysis may have contributed to these results.  Larger studies would 

need to be conducted to investigate the association of root caries incidence with 

other specific causes of death. 

 

Conclusion 4:  Whites that develop root caries appear to be at a greater risk of dying 

due to all causes than blacks.  

 The all-cause mortality models consistently displayed whites as having a 

higher risk of dying when compared to blacks.  This is interesting because previous 

studies reported untreated caries rates to be higher in blacks than whites (Miller et 
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al., 1987; Winn et al., 1996).  One possible explanation for this finding is that in this 

study population, blacks had a lower number of prevalent decayed root surfaces 

than whites (Graves et al., 1992).   The same trend was seen when we looked at 

incident root caries in this population.  Fewer Blacks (n=82) had root caries events 

than Whites (n=99).  Another observation was that Whites had more surfaces at risk 

for root caries than Blacks, implying more periodontal disease.   One interpretation 

of this finding is simply that increasing levels of exposure is related to increased risk 

of death.  This pattern implies a dose-response relationship, which often is 

predictive of a causal relationship, but certainly cannot be confirmed in this study. 

 

 

Implications for Adult Education 

 The Surgeon General’s Report on Oral health documents the importance of 

oral health to the overall general health of Americans (Pyle, 2002).   In order to 

achieve good oral health, it will be necessary to create change on many levels 

through a variety of forums, i.e. public, private, and professional.  Dissemination of 

information regarding dental and systemic health in these arenas has many 

implications for adult education.   

 

Education of the Health Professional 

Practicing dental health professionals, medical professionals, and 

gerontologists should be updated through continuing education courses and 

educational institutions must update their curricula. 



 82

Dental professionals (dentists, dental hygienists, and dental assistants) lack 

the proper training to provide care to older adults, especially functionally dependent 

older adults (Helgeson, Smith, Johnsen, Ebert, 2002). One reason for this is that in 

professional dental curricula, the majority of patient experiences are on healthy, 

community-dwelling individuals.  Thus, many dental professionals don’t feel 

comfortable providing services to this age group.  Ettinger, Watkins, Cowen, (2000) 

found that all dental schools in the United States included content on geriatric dental 

education, but that there was a large amount of variation that existed among schools.  

Many courses were offered as electives, so that the content was not available to all 

students.  Unfortunately, dentistry has been slow moving on this issue, even with 

epidemiological data documenting the unmet needs of older adults. 

 Another training issue is the lack of oral health care integration into 

the medical field (Helgeson et al., 2002).  Very little training is given to physicians, 

nurses, and nurses aides regarding the recognition of dental conditions that need to 

be referred to a dentist.  In nursing homes, new residents must have a dental exam 

within two weeks of being admitted to the institution.  The nurse is the one that 

completes the exam. Blank, Arvidson-Bufano, Yellowitz, (1996) found that 

regardless of the nurse’s level of experience, they had difficulty in identifying soft 

tissue lesions.  Since the medical profession works primarily in an institutional 

setting or with homebound individuals, it is important that they be trained to 

recognize and refer dental problems to the appropriate dental health professional.  

Both dental and medical professionals would benefit from geriatric dentistry 

content being added to the curriculum.  Dental professionals need to learn to refer 
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patients to the physician when symptoms of medical conditions are observed and the 

medical profession needs to refer patients to dentists when dental problems are 

noted.  Awareness is an important component that can be increased through the 

education of these health care professionals.  Formal teamwork courses should be 

offered that are interdisciplinary in nature and open to all health professionals. 

 For licensed professionals in practice, the information would need to 

be disseminated through continuing education courses.  Area Health Education 

Centers (AHEC) could serve as the model for training a variety of health care 

professionals in working together. They are located throughout the state of North 

Carolina and could reach rural areas where interdisciplinary training is probably 

more crucial.   

Even though it is still unclear as to whether root caries is a risk marker or 

risk factor for mortality, it is important for the practitioner to implement an 

intervention.  Little has been reported in the published literature regarding the 

transformation of this information into clinical or community-based practice.  For 

example, caries rates in older adults are reported to be as high as or higher than 

caries rates in children (Beck, 1993).  Over the years in North Carolina, several 

community-based programs have been implemented regarding fluoridation for 

children in schools, sealant programs, and more recently, fluoride varnish programs 

for children in pediatric and family medicine offices.  Conversely, no such programs 

have been implemented for older adults.   

Since older adults are more likely to be faced with limited access to dental 

care compared to other population segments, it is important to incorporate 
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preventive protocols that can be implemented in the community.  These protocols 

may or may not require the services of a dental professional, but definitely require 

educators.  The first fundamental preventive practice is to use fluoridated toothpaste 

that is approved by the American Dental Association Council on Dental 

Therapeutics.  The toothpaste may be applied during daily oral health care with the 

toothbrush or with a washcloth if traditional brushing is not possible.  Second, the 

use of xylitol containing products is effective in reducing dental caries.  The most 

common product for acquiring xylitol is chewing gum.  It is recommended that 

individuals chew the gum for five minutes, three times daily (Glassman et al., 

2003).  Third, fluoride varnishes have been shown to be effective in reducing dental 

caries.  The advantages of using fluoride varnish are that it is faster to apply than 

other topical fluorides and does not have to be applied in the dental office.  Fluoride 

varnish can be applied once a year, twice a year, or three times per week.  Other 

secondary protocols that may be employed include fluoride mouth rinses, 

chlorhexidine rinse, or high concentration fluoride toothpaste.  These methods may 

be helpful in reducing caries for individuals that are not able to use the primary 

intervention methods stated first. 

Gerontologists should also be educated regarding oral health and its role in 

improving the quality of life through increased self-esteem, better nutrition, and 

relief from pain.  Gerontologists can be instrumental in changing the perception of 

the public in regards to attitudes toward dental care.  Dolan and Atchison (1993) 

found that nursing home administrators observed a lack of interest by nursing home 
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residents and family members for dental care.  This appeared to be a major barrier to 

care.  

 

Education of the public 

Seniors need to be educated about the value of good oral health and its 

role in total health.  Senior centers could be used as a distribution point to provide 

information to those in the community.  Churches, elder hostels, community health 

fairs, and community colleges might provide other sites where information could be 

accessed by senior citizens. 

Caregivers can play a crucial role maintaining good oral hygiene for 

individuals in their care.  Kambhu and Levy (1993) found that poor oral hygiene 

correlated with nurse’s aides who did not value the need for good oral hygiene for 

themselves.  Another issue with the caregiver is caregiver burden.  Perceived lack of 

time to provide oral hygiene regimens also correlated with poor oral hygiene 

(Kambhu and Levy, 1993).   

Long term care institutions must begin to address the issue of supporting the 

provision of dental care in the facility.  New nursing homes should be built with 

dental facilities available and a dental team staffed at the site.  Currently, nursing 

homes are required to have a dentist named on paper that will provide services, but 

services are limited.  Legislative action may need to be enacted to insure all 

residents have access to care. 

Home health care organizations are another conduit for disseminating dental 

care to homebound individuals.  The education and training of home health care 
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nurses to recognize dental needs predictive of death and refer these individuals to 

the appropriate sources for care would be invaluable for reaching a segment of the 

population that has difficulty in accessing care.  Based on the findings of this study, 

education and training should specifically identify those individuals with root caries. 

Other established community networks and individuals such as 

agricultural extension agents, senior centers, and long-term care facilities may be 

appropriate settings to identify important individuals that can help in promoting 

identification of older adults with root caries.  A model of health promotion for 

women through the use of lay health advisors was introduced in the workplace 

setting (Tessaro et al., 2000).  Tessaro et al., (2000) provided educational training to 

natural helpers on changing behaviors associated with causes of mortality in 

women.  The natural helpers, through informal social networks, disseminated health 

behavior information and advice to women in the workplace to improve their health. 

A similar model in the extension agency, senior centers, and long-term care 

facilities might be effective in educating individuals regarding root caries as a 

marker for systemic decline and the possible relationship of root caries and 

mortality.   

Faculty in university adult education programs can also play an 

important role in educating the public regarding root caries and mortality.  One of 

the primary characteristics of adult learners is that they are relevancy-oriented.  

Their learning must be applicable to their work or needs in order to be of value to 

the learner.  Since adult learners often have aging parents or may be employed 

where they have contact with older adults, this might be appropriate content to 
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incorporate into aging courses.  In addition, university faculty can be instrumental in 

generating research to develop models that are effective in teaching the public to 

identify root caries in older adult populations.   

Last, the federal, state, and local governments have got to reevaluate 

their policies and regulations for providing dental benefits through Medicare.  

Currently it provides essentially no oral health care services (Helgeson et al., 2002).  

Any reforms that are enacted need to address the specific dental problems such as 

root caries that is predictive of mortality or a marker for systemic decline. This 

dental condition most often occurs in older adults, whose needs are very different 

from children.  In addition, dental insurance coverage needs to be adequate during 

the retirement years. 

  In summary, this thesis presented a study that resulted in findings that need 

to be disseminated to a variety of adults.  It is an example of a situation that occurs 

almost daily and yet, there are no educational models designed to disseminate this 

information to the targeted recipients.  In this instance educational programs need to 

be developed for both the public and medical/dental professionals to raise 

everyone’s awareness regarding the good oral health and systemic health, and 

specifically the association of root caries incidence and mortality, but the problem is 

more generic that just dentistry.  Having the private, public, and professional sectors 

working together to increase knowledge and awareness will insure better health for 

future generations.  Thus, both public and professional educational programs need 

to play an integral role in improving the health of older adults in North Carolina.     
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Recommendations for Future Research and Dental Practice 

 A review of the literature and the results of this study provide the basis for 

the following recommendations for future research: 

1.  Developing community-based demonstration programs to disseminate research 

findings to communities and build a bridge between the research and clinical fields.  

2.  Develop and present continuing education courses for dental professionals 

addressing intervention strategies for root caries treatment and the association of 

root caries and mortality. 

3.  Develop and present educational programs for the medical profession regarding 

the health of the oral cavity and detection of dental disease. 

4.  Conduct population-based research studies investigating the association of root 

caries incidence to specific diseases. 

5.  Conduct a definitive clinical trial to determine if a dental intervention reduces 

mortality.  This would help determine causality as to whether root caries is a marker 

or risk factor.  

 

Strengths of the Study  

 Four major strengths based on the design of this study have contributed to 

the validity of the findings.  First, this was a prospective longitudinal study that 

allowed for several examinations over a period seven years.  The length of the study 

allowed for the measurement of new disease in order to determine dental disease 

progression, specifically root caries.  Thus, for this study we were able to observe 
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the development of root caries and follow the subject until he/she was censored 

from the study. 

 Second was the randomized sampling of participants.  Originally, the 

subjects were recruited as part of a medical study that did not include a dental 

component.  As part of the parent study, subjects completed surveys and were 

examined in their homes.  This personal (home) environment may have made 

subjects more comfortable with participating in a dental study, thus minimizing 

selection bias.  In particular, those older adults who were afraid to visit the dentist 

due to unpleasant past experiences (dental phobia).   

 Third, the sampling scheme resulted in a sample that was representative of 

the community being studied.  The study design allowed for the over-sampling of 

black and rural living subjects.  As a result, the investigators were able to examine 

how these possible risk factors influenced the outcome and exposure variables used 

in the study (mortality and root caries, respectively). 

 Fourth, the advanced statistical analysis of time to event accounted for all of 

the time that a subject completed in the follow-up interval.  This allowed for a more 

robust analysis of the data.  In addition, this analysis allowed for inclusion of more 

people than standard analyses that required that everyone be in the study through all 

exams.  This meant that the subjects’ data could be used until they left the study. 
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Limitations of the Study 

 Loss to follow-up is a factor that is inherent in a longitudinal study of older 

adults.  This loss was primarily due to death or illness that prevented having a dental 

exam completed.  Since those subjects that tended to stay healthy remained in the 

study, then a selective bias of subjects was likely to occur.  You would expect those 

individuals that were not as healthy to be lost from the study at an earlier stage.  

Since the survival analysis incorporates time to event, the statistical test helped 

address some of this issue by reducing any bias occurring from loss to follow-up.  

The time to event component allowed the subject to be retained in the study until 

they were censored. 

 Small numbers of subjects in several of the mortality categories prevented 

the investigators from being able to determine the association with various causes of 

death.  Some of the models approached significance or followed similar trends 

compared to the significant models.  Thus, risk factors identified in some of the 

models may have been significant in other models if the number of participants was 

larger. 

 Last, the primary aim of the Piedmont Dental study was to assess the 

incidence of dental disease in white and black North Carolina community dwelling 

older adults, not to assess cardiovascular characteristics. Therefore, we were not 

able to evaluate potential causal mechanisms. 
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Appendix 7.1 

Multivariable Logistic Regression Model 
All Cause Mortality by Number of Root Caries Lesions per 18 Months 

(Full Model) 
 
 

 Parameter 
Estimate 

 
SE 

 
Odds Ratio 

 
CI 

 
p-value 

Intercept -1.12 0.57 ----- -----  0.05 
N Root Caries 

Lesions per  
18 Months 

 
0.14 

 
0.06 

 
1.15 

 
1.02, 1.30 

 
0.02 

Age 
 (≥75 Yrs) 

 
0.75 

 
0.23 

 
2.12 

 
1.35, 3.33 

 
<0.01 

Sex 
(Male) 

 
0.46 

 
0.24 

 
1.58 

 
0.99, 2.52 

 
>0.05 

Race 
(White) 

 
0.21 

 
0.25 

 
1.23 

 
0.75, 2.03 

 
0.41 

Use Tobacco 
(Yes) 

 
0.30 

 
0.24 

 
1.34 

 
0.83, 2.17 

 
0.23 

Live in City 
(Yes) 

 
0.42 

 
0.24 

 
1.52 

 
0.96, 2.42 

 
0.08 

Educational Level  
(<12 yrs) 

 
0.93 

 
0.29 

 
2.52 

 
1.44, 4.42 

 
<0.01 

Diabetes 
 (Yes) 

 
0.53 

 
0.30 

 
1.70 

 
0.94, 3.06 

 
0.08 

IADL 
(Yes) 

 
0.07 

 
0.29 

 
1.07 

 
0.61, 1.90 

 
0.81 

Physical 
Impairment 

(Yes)(RosBro) 

 
0.62 

 
0.26 

 
1.85 

 
1.10, 3.11 

 
0.02 

Physical ADL’s 
(Katz) 
(Yes) 

 
0.41 

 
0.45 

 
1.51 

 
0.63, 3.63 

 
0.36 

Medical Status 
(Worse) 

 
0.23 

 
0.27 

 
1.26 

 
0.75, 2.11 

 
0.39 
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Appendix 7.2 
Multivariable Survival Model 

All Cause Mortality by Number of Root Caries Lesions per 18 Months 
(Full Model) 

 
 

 Parameter 
Estimate 

 
SE 

Hazard 
Ratio 

 
CI 

 
p-value 

N Root Caries 
Lesions per 
18 Months 

 
0.15 

 
0.05 

 
1.16 

 
1.05, 1.28 

 
<0.01 

Age  
(≥75 Yrs) 

 
0.65 

 
0.20 

 
1.92 

 
1.30, 2.83 

 
<0.01 

Sex 
(Male) 

 
0.39 

 
0.20 

 
1.47 

 
0.98, 2.20 

 
0.06 

Race 
(White) 

 
0.22 

 
0.22 

 
1.24 

 
0.81, 1.91 

 
0.33 

Use Tobacco 
(Yes) 

 
0.25 

 
0.21 

 
1.28 

 
0.84, 1.95 

 
0.25 

Live in City 
(Yes) 

 
0.38 

 
0.21 

 
1.46 

 
0.98, 2.18 

 
0.07 

Educational Level 
 (<12 yrs) 

 
0.86 

 
0.26 

 
2.36 

 
1.43, 3.89 

 
<0.01 

Diabetes 
 (Yes) 

 
0.43 

 
0.25 

 
1.54 

 
0.94, 2.52 

 
0.09 

IADL 
(Yes) 

 
0.09 

 
0.25 

 
1.10 

 
0.68, 1.78 

 
0.70 

Physical 
Impairment 

(Yes) 

 
0.55 

 
0.23 

 
1.73 

 
1.10, 2.72 

 
0.02 

Physical ADL’s 
(Yes) 

 
0.33 

 
0.37 

 
1.39 

 
0.68, 2.85 

 
0.37 

Medical Status 
(Worse) 

 
0.21 

 
0.23 

 
1.23 

 
0.78, 1.95 

 
0.38 
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Appendix 7.3 
Multivariable Logistic Regression Model  

Cardiovascular Disease Mortality by Number of Root Caries Lesions 
per 18 Months  
(Full Model) 

 
  
 

 Parameter 
Estimate 

 
SE 

Odds  
Ratio 

95% 
CI 

 
p-value 

Intercept -1.61 0.71 ----- ----- 0.02 
N Root Caries 
Lesions per 18 

Months 

 
0.13 

 
0.08 

 
1.14 

 
0.98, 1.33 

 
0.10 

Age  
(≥75 Yrs) 

 
0.30 

 
0.30 

 
1.34 

 
0.74, 2.44 

 
0.33 

Sex 
(Male) 

 
0.18 

 
0.31 

 
1.20 

 
0.65, 2.20 

 
0.56 

Race 
(Black) 

 
0.06 

 
0.33 

 
1.06 

 
0.56, 2.04 

 
0.85 

Live in City 
(yes) 

 
0.33 

 
0.30 

 
1.39 

 
0.77, 2.51 

 
0.28 

Education 
<12 Yrs 

 
1.36 

 
0.41 

 
3.88 

 
1.73, 8.70 

 
<0.01 

IADL 
(Yes) 

 
0.30 

 
0.37 

 
1.34 

 
0.66, 2.76 

 
0.42 

Physical 
impairment 

(yes) 

 
0.57 

 
0.34 

 
1.77 

 
0.90, 3.48 

 
0.10 

Physical ADL’s 
(Yes) 

 
0.40 

 
0.53 

 
1.50 

 
0.53, 4.22 

 
0.45 
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 Appendix 7.4 
Multivariable Survival Model  

Cardiovascular Disease Mortality by Number of Root Caries Lesions 
per 18 Months 
(Full Model) 

 
  

 Parameter 
Estimate 

 
SE 

Hazard  
Ratio 

 
CI 

 
p-value 

N Root Caries 
Lesions per 18 

Months 

 
0.15 

 
0.07 

 
1.16 

 
>1.00, 1.34 

 
0.05 

Age  
(≥75 Yrs) 

 
0.29 

 
0.28 

 
1.34 

 
0.78, 2.31 

 
0.29 

Sex 
(Female) 

 
0.13 

 
0.28 

 
1.14 

 
0.65, 2.00 

 
0.64 

Race 
(White) 

 
0.04 

 
0.31 

 
1.04 

 
0.57, 1.91 

 
0.89 

Live in City 
(yes) 

 
0.33 

 
0.28 

 
1.40 

 
0.81, 2.42 

 
0.23 

Education 
<12 Yrs 

 
1.31 

 
0.40 

 
3.72 

 
1.71, 8.13 

 
<0.01 

IADL 
(yes) 

 
0.29 

 
0.33 

 
1.33 

 
0.70, 2.56 

 
0.39 

Physical 
Impairment 

(Yes) 

 
0.51 

 
0.32 

 
1.66 

 
0.89, 3.10 

 
0.11 

Physical ADL’s 
(Yes) 

 
0.42 

 
0.46 

 
1.52 

 
0.62, 3.76 

 
0.36 
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Appendix 7.5 
Multivariable Logistic Regression Model 

All Cause Mortality by Level of Root Caries Increment 
(Full Model) 

 
 

 Parameter 
Estimate 

 
SE 

 
Odds Ratio 

 
 95% CI 

 
p-value 

Intercept -1.25 0.57 --- --- 0.03 
Root Caries 
Increment 

(High) 

 
0.63 

 
0.24 

 
1.87 

 
1.17, 2.99 

 
<0.01 

Age 
 (≥75 Yrs) 

 
0.73 

 
0.23 

 
2.08 

 
1.32, 3.26 

 
<0.01 

Sex 
(Male) 

 
0.40 

 
0.24 

 
1.49 

 
0.94, 2.36 

 
0.09 

Race 
(White) 

 
0.22 

 
0.25 

 
1.24 

 
0.76, 2.02 

 
0.39 

Tobacco Use 
(Yes) 

 
0.32 

 
0.24 

 
1.38 

 
0.87, 2.20 

 
0.17 

Live in City 
(yes) 

 
0.44 

 
0.24 

 
1.55 

 
0.98, 2.47 

 
0.06 

Educational 
Level  

(<12 yrs) 

 
0.98 

 
0.28 

 
2.67 

 
1.53, 4.65 

 
<0.01 

Diabetes 
 (Yes) 

 
0.51 

 
0.30 

 
1.67 

 
0.93, 3.00 

 
0.09 

IADL  
(Yes) 

 
0.10 

 
0.28 

 
1.11 

 
0.64, 1.93 

 
0.71 

Physical 
Impairment 

(yes) 

 
0.63 

 
0.26 

 
1.87 

 
1.12, 3.12 

 
0.02 

Medical Status 
(Worse) 

 
0.25 

 
0.26 

 
1.28 

 
0.76, 2.15 

 
0.35 
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Appendix 7.6 
Multivariable Survival Model 

All Cause Mortality by Level of Root Caries Increment 
(Full Model) 

 
 Parameter 

Estimate 
 

SE 
Hazard 
Ratio 

 
 95% CI 

 
p-value 

Root Caries 
Increment 

(High) 

 
0.59 

 
0.21 

 
1.81 

 
1.21, 2.71 

 
<0.01 

Age 
 (≥75 Yrs) 

 
0.63 

 
0.20 

 
1.88 

 
1.28, 2.77 

 
<0.01 

Sex 
(Male) 

 
0.35 

 
0.20 

 
1.42 

 
0.95, 2.11 

 
0.08 

Race 
(White) 

 
0.22 

 
0.22 

 
1.25 

 
0.82, 1.91 

 
0.30 

Tobacco use 
(Yes) 

 
0.26 

 
0.21 

 
1.30 

 
0.87, 1.95 

 
0.20 

Live in City 
(Yes) 

 
0.39 

 
0.21 

 
1.47 

 
0.98, 2.20 

 
0.06 

Educational 
Level  

(<12 Yrs) 

 
0.88 

 
0.25 

 
2.41 

 
1.46, 3.97 

 
<0.01 

Diabetes 
 (Yes) 

 
0.43 

 
0.25 

 
1.55 

 
0.94, 2.54 

 
0.09 

IADL  
(Yes) 

 
0.10 

 
0.24 

 
1.11 

 
0.69, 1.78 

 
0.67 

Physical 
Impairment 

(Yes) 

 
0.57 

 
0.23 

 
1.77 

 
1.13, 2.77 

 
0.01 

Medical Status 
(Worse) 

 
0.22 

 
0.23 

 
1.25 

 
0.79, 1.97 

 
0.34 
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Appendix 7.7 
Multivariable Logistic Regression Model 

Cardiovascular Disease Mortality by Level of Root Caries Increment 
(Full Model) 

 
 

 Parameter 
Estimate 

 
SE 

 
Odds Ratio 

 
CI 

 
p-value 

Intercept -1.44 0.72 ---- ---- 0.05 
Root Caries 
Increment 

(High) 

 
0.22 

 
0.32 

 
1.25 

 
0.66, 2.36 

 
0.50 

Age 
 (≥75 Yrs) 

 
0.31 

 
0.30 

 
1.36 

 
0.75, 2.47 

 
0.30 

Sex 
(Male) 

 
0.24 

 
0.31 

 
1.27 

 
0.70, 2.33 

 
0.43 

Race 
(Black) 

 
0.09 

 
0.33 

 
1.09 

 
0.57, 2.10 

 
0.79 

Tobacco Use 
(Yes) 

 
0.07 

 
0.32 

 
1.07 

 
0.58, 1.99 

 
0.83 

Live in City 
(Yes) 

 
0.29 

 
0.30 

 
1.33 

 
0.73, 2.42 

 
0.35 

Educational 
Level  

(<12 Yrs) 

 
1.38 

 
0.41 

 
3.97 

 
1.77, 8.93 

 
<0.01 

Physical 
Impairment 

(Yes) 

 
0.65 

 
0.31 

 
1.92 

 
1.04, 3.56 

 
0.04 

Physical ADL’s 
(Yes) 

 
0.48 

 
0.53 

 
1.61 

 
0.57, 4.55 

 
0.37 
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 Appendix 7.8 
Multivariable Survival Model 

Cardiovascular Disease Mortality by Level of Root Caries Increment 
(Full Model) 

 
 
 

 Parameter 
Estimate 

 
SE 

Hazard 
Ratio 

 
CI 

 
p-value 

Root Caries 
Increment 

(High) 

 
0.24 

 
0.30 

 
1.27 

 
0.71, 2.29 

 
0.43 

Age 
 (≥75 Yrs) 

 
0.30 

 
0.28 

 
1.36 

 
0.79, 2.34 

 
0.27 

Sex 
(Male) 

 
0.20 

 
0.28 

 
1.22 

 
0.70, 2.12 

 
0.49 

Race 
(Black) 

 
0.07 

 
0.31 

 
1.08 

 
0.59, 1.97 

 
0.81 

Tobacco Use 
(Yes) 

 
0.06 

 
0.30 

 
1.06 

 
0.59, 1.89 

 
0.84 

Live in City 
(Yes) 

 
0.27 

 
0.28 

 
1.32 

 
0.76, 2.28 

 
0.33 

Educational 
Level  

(<12 yrs) 

 
1.32 

 
0.40 

 
3.73 

 
1.71, 8.13 

 
<0.01 

Physical 
Impairment 

(yes) 

 
0.59 

 
0.29 

 
1.81 

 
1.02, 3.21 

 
0.04 

Physical ADL’s 
(Yes) 

 
0.49 

 
0.47 

 
1.63 

 
0.65, 4.08 

 
0.30 

 
 

 

 
 
 
 
 
 


