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FACTORS ASSOCIATED WITH ADULT PERIODONTITIS IN A
DENTAL TEACHING-CLINIC POPULATION

ABSTRACT

BACKGROUND:

Periodontitis is a leading cause of tooth loss among adults. The

prevalence of moderate-severe periodontitis in North America is 307o and

107o respectively. Studies have attempted to identify individuals at increased

risk of developing periodontitis. Several risk factors, indicators and

determinants have been reported.

GOALS:

The goals of the research were:

1. To determine antecedent exposure of individuals with periodontitis to

specific health-compromising behaviors, medications, chronic

diseases / conditions, socioeconomic status, and oral frndings.

2. To assess the presence and strength of association of these exposures

with a history of periodontitis.

METTIODS:

A case control study was carried out using secondary clinical and

radiographic data from existing records obtained from the teaching-clinic

population, Faculty of Dentistry, University of Manitoba. Subjects (n = 410),

aged > 35 years were identifred as case or control. Exposure to antecedent

explanatory variables was assessed through blind telephone interviews

with a response rate of 93.4Vo.

ANALYSES AND RESULTS:

Univariate and bivariate analyses revealed signifrcant relationships

between a history of periodontitis and several explanatory variables.

Analyses were age and gender-adjusted and the population age-stratified,

(35 - 54 and > 55 years).



VA

Backward Stepwise Logistic Regression followed by Normal Multiple

Logistic Regression indicated that the outcome was influenced by several

variables. Full and Reduced Models considered the masking effect of

"Bleeding on Probing" and "< 25 teeth present". Within the total population

(35 - 87 years), increased age, a higher cigarette index, a greater plaque

score and being single increased risk. When age stratifred, younger adults

(35 - 54 years) had an increased risk associated only with a higher cigarette

index while older adults (> 55 years) who were single or who had a family

income > $z5,oOo/year were at increased risk.

CONCLUSIONS:

1. Univariate analysis indicated that being > 55 years or older was

associated with 4x increased risk for a history of AP. Multivariate

analysis showed a 1.06x increased risk with each year among the

total study population.

2. A dose-response effect was observed with the cigarette-index. There

was a 7.3x increased risk among the 35 to 54 year old heaviest

smokers and 3.8x among the total study population. Those aged > 55

years had no apparent risk associated with smoking.

3. Being single increased risk in the total study population by 1.77x and

3.07x among those > 55 years. Single 35 - 54 year olds were not at

increased risk compared to those with partners.

4. Low income was not associated with increased risk.

5. There was a trend for 1.55x increased risk associated wít]r > 50Vo

plaque. Multivariate analysis indicated no apparent increased risk

for AP associated with gender, dental visiting, brushing / flossing,

chronic conditions/ medications with potential drug action or life

stress.
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1.1

a)

b)

c)

CTIAPTERONE
n¡'rRopuçTIaN

RESEARCIICIOALS

The research goals of this case-control study were:

to determine antecedent exposure of individuals with a history of

periodontitis to specific health-compromising behaviors,

medications, chronic diseases / conditions, socioeconomic and oral

health variables.

to determine the presence and strength of association of antecedent

risk indicators/markers with a history of periodontitis.

to test the unique effect of each variable on AP while controlling for

the influence of the remaining variables.

I.2 STATEMEI$T OF TTIE PROBLEM

Periodontitis is a leading cause of tooth loss among adults

(Weintraub and Burt 1985; Hunt 1988; Burt 1993; Oliver et al 1993). The

influence of periodontitis on oral health and the quality of life is reflected

not only in tooth loss; but also by inadequately functioning teeth.

Discomfort, disability and disadvantage are frequent outcomes of

periodontitis (Locker 1988, 1989, 1992). The cost of prevention and treatment

of periodontitis by dental professionals is a public health issue of economic

importance (Leake 1984; Pilot 1986; Sheiham 1991; Hollister and Weintraub

1993).

Recognizing the influence of oral health on the quality of life, the

World Health Organization established a goal for the year 2000 "retention

throughout life ofa functional, esthetic, natural dentition ofnot less than 20

teeth and not requiring a prosthesis" (WHO, 1982). The prevalence of

moderate adult periodontitis in North America is approximately 30% while



advanced disease affects about lÙVo of the population (Griffrths et aI 1988;

Burt 1993; Brown et al 1993). Although periodontitis is not universal,

retention of > 20 teeth appears to be jeopardized by this disease for a

relatively large segment of the population.

Currently, there appears to be an inability to identify individuals or

sub-populations most susceptible to periodontitis. Therefore, prevention and

treatment of periodontitis are likely not being targeted effectively. Research

into the etiology of periodontitis has been extensive. Adult periodontitis is

believed to be caused by an interaction of environmental and host-defense

factors (Wilton et aI 1988; Griffrths et al 1988).

Attempts to identify variables which place individuals at increased

risk for periodontitis suggest that bacterial dental plaque (Abdellatif and

Burt 1987; Beck et al 1990; Brown et al 1990; Beck et al 1992) and smoking

(Ismail et al 1983; Beck et al 1990, 1992; Horning et al 1992) are strongly

associated with increased prevalence and severity of periodontitis, while the

association of diabetes (Manouchehr-Pour and Bissada 1983; Hugson et al

1989; Emrich et al 1993; Locker and Leake 1993) and certain prescription

medications (Knight and Wade 1973; Seymour and Heasman 1988;

Thomason et aI 1993) with periodontitis is ambiguous. The risk of

periodontitis associated with hypertension and ischemic heart diseases

(Quintarelli 1957; Grant and Bernick 1970; Lederman et al 1984; Patni et aI

1985) has been inadequately studied.

There is increasing evidence that periodontitis, like other chronic

diseases, is influenced by multiple risk factors (Bergstrom and Floderus-

Myrhed 1983; Bergstrom and Eliason 1-987; Emrich et aI 1993). However,

relatively few of these studies have investigated pertinent behavioral and

socioeconomic variables (Beck et al 1990; Hunt et al 1990; Levy et aI L987;

Horning et al L992; Locker and Leake 1993).



CÍIAPIER TIYO

EPDE]VtrOLOGY OF ADUTT PERIODO}MIS

2.L DEFIMTION

Adult periodontitis (AP) is a member of the family of periodontal

diseases affecting those aged 35 years and older (Page et aI 1983; Suzuki

1988). Periodontitis is inflammation of the gingiva, extending to the

periodontal ligament, cementum and alveolar bone resulting in loss of

clinical attachment (CAL) and bone (Suzuki 1988). Gingivitis, i.e.,

inflammation of the gingival soft tissue only, is another member of the

family. The prevalence of gingivitis is 40 - 80Vo in North America and

Europe (KeIIy and Van Kirk 1965; Reddy et al 1986; Sooriyamoorthy and

Gower 1989). This thesis focuses on AP. Rare gingival conditions and other

forms of periodontitis such as refractory, rapidly progressive, prepubertal

or juvenile periodontitis will not be addressed due to presumed differences

in their etiology and natural history and their relatively low prevalence.

2.2 PREVAI,ENCE AND MEASUREMENT ISSIIES

Recent epidemiological reports suggest the prevalence of AP among

industrialized nations ranges from 1,0 - 30Vo (Doll and Peto 19?6; Hugson

and Jordan 1982; Polson and Goodson 1985; Miller et al 1987; Pilot and

Miyazaki 1991; Brown and Löe 1993). Cross-sectional studies have shown

fairly consistent results: slight AP (1-3 mm CA-L > 1 síte = 99Vo); moderate

AP (4 - 6 mm CA-I- > 1 site = 30Va); advanced AP (> 7 mm CAI-., > ! sile = LOVo)

(Griffiths et al 1988; Burt 1993; Brown and Löe 1993). Variations in

prevalence may be due to demographic/social differences among

populations; as well as inconsistencies in indices, definitions, and

measurement of disease.



Prevalence is influenced by the cut-off points used to define

periodontitis (Greene 1990; Brown and Löe 1993; Burt 1994). It has been

suggested L}rat 4 - 6 mm of CAL be the standard by which moderate

periodontitis is defrned and advanced disease involve > 7 mm CAL (Burt

1991; 1994). Lower cut-off points overestimate prevalence (Burt 1994).

Studies prior to 1980 overestimated the prevalence of periodontitis in a

number of additional ways. Early aggregated periodontal indices were

influenced by misconceptions of disease progression and measurement

errors (Griffrths et aI l-988). Overestimation may also have resulted from

sole reliance on probing depth (PD) (Griffrths et al 1988; Machtei et aI 7992

Burt 1994) and measurement errors resulting from probing in the presence

of inflammation (Listgarten 1980; van der Velden 1982; Badersten et al 1984;

Griffiths et al 1988), use of excessive/uncontrolled probing pressure (van der

Velden and DeVries 1978; Listgarten 1980; Polson and Goodson 1985:

Griffiths et al 1988), inaccurate angulationiplacement of probe (Listgarten

1980; Griffiths et al 1988).

Overestimation of prevalence may also have resulted from the

predominant use of cross-sectional studies which could not distinguish a

history of chronic AP from other forms of periodontitis such as

localized/generalized juvenile periodontitis (LJP, GJP) or rapidly

progressive periodontitis. However, a review of these conditions reports

their prevalence to be relatively rare, e.g. LJP = 0.1 - 0.75Vo (Gelskey and

Pruthi 1990).

Underestimation of the prevalence of AP may have occurred in

studies employing partial-mouth examinations or where the incorrect unit

of analysis was used (Hunt et aI 1990), (e.g. mean PD/CAL score versus

presence of attachment loss) or when PD was used exclusively to determine

diagnosis (Griffrths et al 1988; Machtei el aI Igg2; Burt 1994), or if highly



susceptible individuals were excluded from the study (Beck et aI 1987;

MiIIer et aI 1987). Currently, CAJ-, and PD are believed to be the best clinical

estimates of prevalence/incidence of history of periodontitis (Griffrths et al

1988; Brown et al 1990; Burt 1991, 1994). Although the validity and reliability

of the latter measurement is somewhat suspect (Badersten et al 1984;

Jeffcoat and Reddy 1991; Caton 1993), both measurements are currently

used in cross-sectional studies attempting to identify an individual's history

of periodontitis (Listgarten 1980; Theil and Heany 1991; Caton 1993) and

longitudinally, through repeated measures, to access disease progression

(Bergstrom and Eliason 1989; Jeffcoat and Reddy 1991).

Radiographs have been used to increase the reliability and assess the

validity of clinical measurements of periodontitis (Ryan 1985; Polson and

Goodson 1985; Shrout et al 1990). While only repeated standardized

radiographs are able to determine periodontal disease progression,

conventional radiographs provide evidence of a history of periodontitis

through evidence of alveolar bone destruction i.e., attachment loss

(Hirschmann 1987). Radiographs have been used in clinical and

epidemiological studies to estimate the prevalence of periodontitis (Bjorn

and Holmberg 1966; Blankenstein et al 1978; Jenkins and Mason 1984;

Kallestal and Matsson 1991). There is consensus that an alveolar bone crest

Iocated more than 3 mm apical to the cemento-enamel junction (CEJ)

constitutes a history of periodontitis (Blankenstein et al 1978). However,

radiographic diagnosis of incipient periodontitis is equivocal (Hausmann et

al 1991; Caton 1993).

Problems associated with clinical and radiographic measurements

of periodontitis have made epidemiological investigations challenging and

their results often suspect (Burt 1994). Further discussion of the validity



and reliability of clinical and radiographic measures employed in the

current study are located in Chapter Seven, Eight, and Nine.

2.3 SEVERITY, EXTET{I, AND DISTRIBUTION

Severe periodontitis (> 7 mm CAL/PD) reflects extensive loss of

periodontal support seriously jeopardizing tooth retention. While moderate

periodontitis (CAL = 4 - 6 mm) shows evidence of bone loss, the tooth's

functional status is not immediately threatened (Burt 1994).

Severe AP is clustered among small subpopulations of adults (Löe et

aI 1978; Papapanou et al 1988; Okamato et al 1988; Burt 1991, 1994). Among

those with the highest prevalence/severity of periodontitis are the elderly (>

60 years) (Hugson and Jordan 1982; Miller et al 1987; Beck et al 1990; Hunt

et al 1990; Pilot and Miyazaki 1991). It may be appropriate to consider

"severity for age" for different age groups to reflect the dentate elderly's

resistance to disease and longevity of functional demand required for

younger popuÌations (Beck et al 1990). Prevalence of AP is higher among

males (Beck et al 1987; Miller et al 1987) and non Whites (Kelly and Van

Kirk 1965; Doll and Peto 1976; Horning et aI L992; Machtei et al 1992; Aday

and Forthofer 1992) those with high levels of plaque (Kelly and Van Kirk

1965; KeIIy and Harvey 1-979; Miller et al 1987; Machtei et aI 1992) and low

income/education (Kelly and Van Kirk 1965; Nikias et al L975; Aday and

Forthofer 1992); as well as those with limited access to dental care (Kelly

and Van Kirk 1965; Nikias et aI 1975) and those who smoke (Bergstrom

1989; Horning et aI 1992; Locker and Leake 1993) or have compromised

health, e.g. diabetes (Wilton et al 1988; Hugson et aI 1989;Emrich et aI 1993).

Many of the reviewed reports were from cross-sectional studies which

failed to consider the potential influences of multiple confounding



variables. As a result, the effect of these factors may have been over or

underestimated.

Among employed adults in the United States in 1985, an average of

3.4 sites per person were affected by moderate periodontitis and less than

one site with advanced periodontitis (Brown et al 1990). There may have

been an underestimation of extent however due to use of half-mouth

examination.

International longitudinal and cross-sectional studies have shown

that some populations (Cutress et al 1982; Africa et aI 1985) / individuals

(LOe et al 1986) are apparently resistant to periodontitis despite exposure to

abundant plaque and experiencing a high prevalence of gingivitis (Africa et

al 1985). A 15-year longitudinal study of the natural history of periodontitis

was conducted among a homogeneous, caries-free Sri Lankan population

which had never experienced dentistry. Abundant plaque and a high

prevalence of gingivitis existed; however, three distinct groups of

individuals were identifred including one which had no progression to

periodontitis (Löe et al 1986). Such variations in periodontal disease

progression in an otherwise homogenous population have stimulated

investigations of host susceptibility and the influence on AP of a variety of

potential risk factors.

2.4 NATURAL HISTORY

2.4.1 Disease kritiation

Several periodontal indices, developed approximately three decades

ago, have been used to study gingivitis and periodontitis in numerous cross-

sectional studies (KeIIy and Van Kirk 1965; Kelly and Harvey 1-979; Miiler et

aI 1987; Beck et al 1987; Brown et al 1990). Through these studies and more

rigorous experimental designs, it has been demonstrated that bacterial



dental plaque causes gingivitis and its removal results in the resolution of

gingivitis (Löe et al 1965; Lindhe et al 1973; Axelsson and Lindhe 1978;

Newman 1990).

A comprehensive review article describes the initiation and

progression of gingivitis and periodontitis (Page 1986). Within about four

days of undisturbed plaque accumuìation, the "initial lesion" develops in a

previously healthy site. Approximately three days later, the "early lesion" is

observed wherein ulceration of the sulcular epithelium occurs, allowing

introduction of microbial substances into underlying connective tissues.

The "established lesion" follows. Periodontitis has been designated the

subsequent "advanced lesion".

The precise transition from healthy gingiva to gingivitis is not fully

understood; but, even less clear is the transition from gingivitis to

periodontitis. Established lesions of two types have been described: those

that remain stable i.e., not progressing for months/years and those which

convert to progressive destructive periodontitis. Currently, it is impossible

to distinguish gingivitis lesions with progressive potential from those

which are more innocuous (Page 1986; Suzuki 1988).

2,4.2 Disease Pnogression

Progression in some sites/individuals may be due to: 1) aberrations in

the host cell-responsiveness to plaque and be related to immune hyper-

responsiveness or deflrciencies or 2) colonízation infection by highly

pathogenic bacteria causing direct tissue destruction (Suzuki 1988).

Progression of periodontitis has been described as "continuous".

However, this description is based on cross-sectional epidemiological

studies which have observed increased attachment loss associated with

age, suggesting that individuals lost from 0.03 to 3.11 mm attachment per



year (Goodson 1986). The "continuous" theory has been challenged recently

by results from longitudinal studies. Prospective repeated clinical

measurements have shown "episodic bursts" of periodontal destruction and

remission (Page 1986; Goodson et aI 1982; Haffaj ee et al 1982).

Prospective studies are best able to assess disease progression

(Clerehugh et al 1988; Burt 1994). Progression or 'active' disease has been

defrned as loss of 0.4 to 3 mm CAL over a one year period (Goodson 1986;

Jeffcoat and Reddy 1991; Burt 1994). Some sites in an individual's mouth

may follow a continuous pattern of destruction while others may undergo

episodic bursts. Studies employing repeated clinical measurements could,

due to inappropriate time intewals between measurements, mask evidence

of"episodic" activity (Jeffcoat and Reddy 1991).

A 15 year longitudinal study of the progression of periodontitis

among a homogeneous population of caries-free Sri Lankans showed that

although plaque and gingivitis were abundant among all individuals in the

population, there were three distinct rates of disease progression: rapid,

affecting 9Vo; moderate, affecting 817o; while no destruction was observed in

Lwo of t}:re population (Löe et al 1986).

Future longitudinal studies should attempt to clarify the natural

history and progression of periodontitis and concurrently investigate the

influence of suspected risk factors on disease initiation/progression.

2.5 PUBLIC HEAL'TH IMPACT

Whether periodontitis is considered a public health problem depends

on the oral health goals of the population. The World Health Organization's

(WHO) oral health goal for the year 2000 is, "the retention throughout life of

a functional esthetic, natural dentition of not less than 20 teeth and not

requiring a prosthesis" (WHO 1982). This goal seems to be in jeopardy for a
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substantial proportion (10-30Vo) of adults who experience periodontitis. Only

recently has the possibility of AP predisposing individuals to other diseases

such as coronary heart disease been considered (Destefano et al 1gg3; Page

1995).

2.5.1 Economic Costs and Lost Productivity

The impact of periodontitis can be estimated in terms of social

economics and productivity. In 1985, 6.4Va ($27.5 billion) of the total health

bill in the United States was spent on dental care. Of that, lVa (fi27 5 million)

was spent on treating periodontal disease, with substantially more spent on

clinical prevention and prosthetic replacement of the teeth lost to
periodontitis (ADA 1987). If the estimated 25 million diseased but untreated

Americans would have received periodontal care in 1985, the cost would

have been $7 billion (Polson and Goodson 1985). The total expenditures for

dental serwices in the United States in 1991 was $37.1 billion. Expenditures

are predicted to increase to $62.3 billion by the year 2000 (Bolden et al 1993)

due to an aging population and increased tooth retention.

The economic consequences of dental disease to the individual are

signifrcant since over half of North Americans are not covered by dental

insurance or third party pre-payment plans (Milter et al 1987). Those not

covered typically have the greatest dentaVperiodontal needs (Miller et al

1987). Canadians spent $53.51 per capita for dental care in 1980 which

constituted 47 Vo of t}reft out-of-pocket health care expenditures (Leake 1984).

On average, employed adults in the United States lost 1.48 work-hours/yeat

in 1989 due to dental visits/problems, resulting in reduced income for the

individual and productivity for society-at-large (Gift et al 1992).In addition
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to economic losses, approximately 117,000 school hours/100,000 students

were lost in 1989 due to dental visit/disease (Gift et al 1992).

2.5.2 I¡fluences on Qualit¡r of Life

The impact of periodontitis extends beyond economic issues. Oral

health is an integral component of general health and influences quality of

Iife (Dolan and Atchison 1993). Periodontitis and its consequences diminish

the quality of life by causing tooth loss (impairment) which results in

functional limitation and discomfort. Individuals may consequently

experience restrictions in their eating and limitations in their social roles

(Locker 1992). Although less is known about the extent to which those

affected by AP are handicapped, it is plausible that loss of function and

esthetics impact on social acceptance. Disadvantage may subsequently

occur if life chances are affected, such as loss of opportunity occupationally

or socially (Locker and Grushka 1987; Locker 1989, 1992; Hollister and

W'eintraub 1993). The impact of periodontal disease and related tooth loss on

systemic health has not been adequately studied.

2.6 CONCLUSIONS

Although moderate-advanced periodontitis is not life-threatening, its

prevalence in North America (L0-30Va) is as high as or higher than a

number of other chronic diseases and conditions such as diabetes, 5%

(Reeder et al 1982) and hypertensíon, IAVo (Young et al 1991; Joffres et al

1992). Page (1995) suggests that further investigation of general health

implications of periodontitis should be conducted. The economic impact of

periodontitis on the individual and society is substantial as is its influence

on the quality of life. Costs for preventing and treating periodontitis are

high due to the predominant use of the dental (medical) model. Currently it
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is not possible to identify those most susceptible to AP which may result in

overtreatment of many individuals and undertreatment of those in greatest

need.

With these public health concerns in mind, and armed with an

improved understanding of the natural history of AP, and powerful

multivariate statistical methods, epidemiologic attention should attempt to

identify factors, indicators, markers and determinants of AP. Once

identifred, future prospective studies could investigate how these variables

influence the risk and progression of AP. The ultimate goal is to better

target programs of prevention and treatment at those with greatest

need/risk.
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CIIAPTERTHREE

EISKAqSESSnTm¡'t

3.1 CONCEPTUAL ISSTIES

"Risk" refers to the probability of an event occurring (MacMahon and

Pugh 1970; Schlesselman 1982; Forbes and Thompson 1989; Bader 1990).

Epidemiological studies are conducted to quantify risk and to identify

variables that are associated with, or cause, disease.

3,1.1 Relative Measu¡es of Disease Occurrrence

Two methods of quantifying risk are: 1) Relative Risk (RR) which

estimates magnitude, i.e., how much more likely disease occurs in the

exposed compared to the unexposed in a prospective cohort study. If the RR

differs from unity, then the variable of interest is associated with an

increased risk of disease (Schlesselman 1982; Kelsey et al 1986; Hennekens

and Buring 1987; Kahn and Sempos 1989); 2) The Odds Ratio (OR) is a

measure of association which, for rare diseases approximates the RR. The

OR is the ratio of the odds of disease in exposed individuals relative to those

unexposed (Schlesselman 1982; Kelsey et al 1986; Hennekens and Buring

1987; Kahn and Sempos 1989). The current study assessed the odds ratio of

potential explanatory variables.

3.1.2 Risk Factors, lVlarkers, Indictors and Deterrninants

A variety of terms related to risk are used in the literature.

1) A "risk :fastq" has been defined as "an aspect of personal behavior or

Iifestyle, an environmental exposure, or an inborn or inherited

characteristic, which, on the basis of epidemiological evidence is

known to be associated with health-related conditions" (Last 1988). A

more stringent defrnition requires that the variable has been shown
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to be causal through human random controlled trials (RCT) or

community trials (Bader 1990). Burt (1994) suggests that to qualify as

a risk factor, the variable must also be modifiable, e.g. plaque control.

"Risk Indicators" are variables associated with disease experience

which are assumed, on theoretical grounds, to play a causal role in

the disease process (Locker and Leake 1993). Risk indicators are

variables that have been associated with periodontitis through cross-

sectionaVcase control studies but have yet to demonstrate causality

through prospective studies, e.g. cigarette smoking (Bader 1gg0).

"Risk Markers" are attributes/exposures associated with an

increased probability of a condition /disease occurring but which are

not, assumed to be causal (Last 1988). They are characteristics which

identify groups most likely to have or have had disease e.g. bleeding

on probing (Abramson 1990; Locker and Leake 1993).

"Determinants" are attributes or exposures that increase the

probability of disease but which can not be modified, e.g. age, race

(Burt 1994). Determinants are diffrcult to classify because attributes

such as education, culture, and poverty are theoreticatly but

unrealistically modifrable (Burt 1994).

Risk assessment has been hampered by conflicting definitions and

inaccurate use of risk-related terminology and scientifrc methodology in the

Iiterature. The result has been inconsistent and misieading reports of the

risk factors for periodontitis.

3.1.3 Cause versus Association

There is a distinct difference between cause and association. "Cause"

is defined as an event, condition or characteristic that has an essential

influence on producing a disease (Rothman 1986). The term "risk factor"

r).,

4)
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rather than "causative agent" is generally used to study chronic disease

since "risk factor" emphasizes the complexity of interactions among

multiple exposures i.e., the "web of causation".

"Association" refers to dependence between two or more variables.

Association may be tested statistically; however, a signifrcant association

does not imply causation but only eliminates variability due to chance, as

an explanation for the association (Schlesselman 1982; Kelsey et al 1986).

Several categories of association exist: 1) independence i.e., not

statistically associated; 2) secondarily associated, i.e., statistically

associated but not causal; 3) statistically associated and indirectly causally

associated; and 4) statistically associated and directly causal (MacMahon

and Pugh 1970). The periodontal literature contains many reports of the

first three types of association between disease and a variety of individual

risk variables, Few however claim a causal association. A¡ assessment of

the strengths and weaknesses of studies of causality and association is

made in Chapter Four.

3.1.4 Risk Assessment

The previously described concepts and principles of risk are applied

directly in the process of risk assessment. Risk assessment is used in
making health-policy decisions and generally considers several issues: 1)

The maenitude of the risk as indicated by the previously described RR or

OR. The larger the magnitude, the less likely the association could be

explained by another uncontrolled variable; 2) The strength ofthe scientific

evidence supporting the association between risk and disease. The more

consistent the cross-sectional, prospective and experimental results, the

stronger is the support for the association; 3) The size of the population at

risk, as obtained from national epidemiological studies. The more prevalent
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the disease, particularly if it is serious, the more likely interventions should

be made; 4) The ease of modifrcation ofthe risk-related exoosure or behavior

(Schlesselman 1982; Rothman 1986; Forbes and Thompson 1989). Certain

variables (gender) are not modifrable or diffrcult (poverty) to modify while

others such as smoking may be modifred. Modifrcation of risk is addressed

more fully in Chapter Nine.

3.1.5 Models and Criteria for Causation

In the absence of plentiful experimental data, observational, quasi-

experimental and cross-sectional data are useful in investigating causality

(MacMahon and Pugh 1970). Since the 19th century when the Henle-Koch

postulates were introduced, there has been an historical evolution of the

concept, "causality". The Henle-Koch postulates have limited validity and

reliability due to their failure to consider multiple causation, the

asymptomatic/carrier or the biologic spectrum of disease among other

shortcomings (Evans 1978; Schlesselman 1982; Kelsey et al 1986). Sir

Bradford Hill (Hill 1965; Schlesselman 1982) outlined the following nine

criteria which have been used extensively to investigate the strength of the

scientifrc evidence to support an inference of a causal relationship:

1. Strength of Association: The larger the RR or OR the less likely the

association is spurious. It has been noted however that just because

an association appears weak, causality should not be ruled out

because strength may be dependent on the relative prevalence of

other variables (Rothman 1986).

2. Consistency: Repeated observation of association observed under

varied conditions. Lack of consistency however does not rule out
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¿f.

causality because some effects are produced by their causes only

under specifrc circumstances (Rothman 1986).

Specificity: A cause is specifrc to an effect if the introduction of the

causal factor is followed by the effect and if removal of the factor

results in resolution of the effect (HilI 1965). Some believe that this

criterion is weak and meaningless due to its simplistic proposition of

single-factor causation (Schlesselman 1982; Rothman 1g86).

Temporality: A causal relationship requires that the factors believed

to cause a disease must precede the disease. This temporal sequence

is often diffrcult to ensure with chronic diseases in which progress is

continuous, often of long duration and modulated by the host. This

criterion is considered by many to be a sine qua non for causation

(Hill 1965; Rothman 1986).

Biologic Gradient: A dose-response curve supports causality and is

seen when an increase or decrease in exposure to a risk factor

corresponds to an increase or decrease in the frequency and/or

severity of disease. A dose-response trend does not however

necessarily indicate causality. Confounders may produce the

apparent trend (Rothman 1986).

Biologic Plausibility: The suspected cause should be biologically

credible. However, it is important to note that plausibility is based on

current biological knowledge (Schlesselman 1982).

Coherence: Causality is supported if the causal relationship between

exposure and outcome does not conflict with known facts regarding

4.

5.

6.

7.
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8.

9.

the natural history of the disease (Schlesselman 1982). It has been

suggested however that lack of coherence should not singularly

nullifiz a casual hypothesis (Hi11 1965).

Analosy: A causal relationship becomes more believable if the

exposure has been shown to have a similar effect on a related

condition (Schlesselman 1982).

Experiment: i.e., the strongest support for causation is empirical

evidence whereby the mechanism which produces the outcome may

be stated (HilI 1965; MacMahon and Pugh 19?0; Schlesselman 1982).

3.1.6 Conclusions

Once established that the prevalence of a disease is a public health

concern, the next step in risk assessment is to determine the strength of the

scientific evidence supporting the association between a variable and

disease. In the current study, this was accomplished through a review of

the literature. HiII's criteria of causation formed the framework for the

analysis (Chapter Four). The reported magnitude of risk for these key

explanatory variables was determined and ultimately compared to the odds

ratios calculated from the current case control study (Chapters Eight and

Nine). Modification of risk-related behavior/exposure is discussed in
Chapter Nine.
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4.O

CIIAPTERFOT]R

STRENGTHS OT. THE SCMN"fIF.IC E\DENCE

TI{EORETICAL FR"A,MEWORI(

Evidence regarding potential risk factors, indicators, markers and

determinants for adult periodontitis (AP) has been derived predominantly

from cross-sectional or case-control studies. This is particularly true for

most social and behavioral factors (Bader 1990). As is discussed in Chapter

Five, "Design Options For Risk Assessment", controlled prospective

clinical and community trials are ideal designs for identifrcation of risk

factors because they address temporality and control extraneous and

confounding variables (Bader 1990). Where available, these studies were

evaluated. However, their sparsity in the literature necessitated the

application of an alternate method of assessing the strengths and

weaknesses of the literature in support of an association between Ap and

the following variables: age, gender, education, income, race, cigarette

smoking, diabetes, hypertension, ischemic heart disease, use of specifrc

medications, and plaque.

The theoretical framework of analysis in this study was adapted from

Bradford Hill's Criteria for Causation (HilI 1965). The criteria are described

in Chapter Three, Section 3.1.5, "Models and Criteria for Causation".

Aithough not designed by HilI to be used as criteria for causation, when

met, the criteria support an inference of a causal relationship (Hill 1965;

Schlesselman 1982; Rothman 1986). Results of the analysis of the

supporting evidence for each variable are provided in Table 4.1. The results

are based on the following critical review of the literature.
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4.I SOCIODEMOGRAPHICVARTABLES

4.1.1 Age

Biologic Plausibility - A recent review of the literature concluded that

although the prevalence and severity of periodontitis increases with age

and despite the fact that the aging process itself may account for some

physiological changes, the aging process itself does not cause periodontal

destruction (van der Velden 1994). Changes in plaque composition and

altered tissue response to plaque may occur with age. Although neither

theory has been demonstrated empirically, it may be that the local

environment is altered through recession, prompting ecological alterations

in the flora or that periodontal inflammation develops more rapidly among

the elderly or that they respond more slowly to wound healing.

Generally, individual susceptibility has not been controlled in most

studies and the influence of reduced salivary function or increased use of

medications in the elderly is rarely considered. Local factors may confound

the issue when investigating diminished immune response with age. The

cohort-effect of different age groups is also often overlooked.

The apparently greater prevalence/severity among the aged has been

attributed to the accumulative process of AP over an individual,s lifetime

(van der Velden 1994). It has been suggested that a thinning of the

epithelium and diminishing of keratinization and other morphologic ceII

changes occur with age but these changes have not been demonstrated

consistently. Animal studies have shown a decreased rate of collagen

synthesis with age. A greater apposition of cementum with age may cause

passive eruption and influence the periodontium through physiological

apical migration. The width of the cribiform plate of alveolar bone
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decreases with age in monkeys although this has not been shown in man

(van der Velden 1994).

Although the suggested effects of age on Ap are biologically

plausible, it is believed that higher levels of plaque and the cumulative effect

of the disease account for the high prevalence/severity observed in the

elderly rather than the aging process itself (Abdellatif and Burt 19BZ).

Consistency - Many cross-sectional studies have reported an association

between age and periodontitis. This association was observed in a

periodontitis-resistant population (Baelum et al 1986) as well as in cross-

sectional clinical studies (Papapanou et aI 1988; Machtei et aI 1992) and

among elderly residents of Ontario (Locker and Leake 1g93) and Iowa (Hunt

et aI 1990) and in representative national United States surveys (Kelly and

van Kirk 1965; Miller et aI 1987; Brown et al 1990). Longitudinal studies

have also found an association with age and the development of

periodontitis (Grbic et al 1991; Haffajee et al 1998). However, plaque was

likely confounded with CAL at baseline. Most studies fail to consider

temporality, the complex multifactorial nature of periodontitis and other

confounding/ extraneous variables. Repres entativeness of study

populations was usually suspect and the use of partial mouth recording

could have resulted in under/overestimation of prevalence/severity. The

Iatter however is unlikely to have influenced differences observed among

age groups.

Review articles have concluded that age is a correlate rather than a

risk factor for periodontitis (Burt lgg4; van der Velden 1g94). Re-analysis of

cross-sectional data from the united states demonstrates that regardless of

age, > 95Vo of those with good oral hygiene did not have periodontitis, also

supporting age as correlate rather than a cause of periodontitis (Abdellatif
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and Burt 1987). Some studies have shown that CAL is not inevitable with

age when plaque is adequately controlled (Ismail and Lewis 1993).

Biologic Gradient - A biologic gradient between age and periodontitis has

been suggested from results of cross-sectional studies. These studies show

that as age increases so does the prevalence/severity of periodontitis.

Among Tanzanians, the prevalence of AP among those aged 30 - 34 years

was LOVa, while among 35 - 39 years l{Va, 40 - 49 years 79Vo and > 50 years

317o (Baelum et al 1986). Other studies have shown that slight AP affects

only íVo of 15 year olds but 80Vo of 60 year olds and advanced AP is seen in

O.l%a and 157o respectively (van der Velden 1991). These findings are

supported by other cross-sectional studies (Kelly and van Kirk 1965; Miller

et aI 1987; Brown et al 1990) as well as by longitudinal data (Löe et al 1986).

Most studies however fail to consider confounding variables, such as plaque

or the multifactorial nature of AP or its cumulative affect with aging.

Strength - The observed OR = 1.24 (95Vo conftdence intewal, 1.24 - 1.28) for

the association of categorically-grouped age with periodontitis is relatively

weak considering that in the same analysis of cross-sectional data, there

was an OR = 20.52 (957o confrdence interval 17.75 - 23.72) for categorically-

grouped plaque, suggesting that age is more likely a correlate than a risk

factor for AP (Abdellatif and Burt 1987).

Specificity - Various types of periodontitis are found in children

(prepubertal) and youth (localized/generalized juvenile periodontitis) and

there is some evidence that chronic periodontitis may affect individuals as

young as eight years ofage (van der Velden 1991). At the opposite end ofthe

age spectrum, when plaque is controlled, periodontitis does not occur in
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most elderly individuals (Ismail and Lewis 1998). Therefore, the specifrcity

of periodontitis with age is not supported.

It is suggested that rather than a specifrc "age-effect", the association

between age and AP may be due to a "cohort-effect" affecting their attitudes,

beliefs and behaviors toward dentistry (Ettinger 1992). The ,,old-elderly,,

cohort grew up when dentistry was a luxury and when the treatment for

most dental disease was extraction. Prevention was not stressed. Today's

"old-elderly" tend to have lower levels of education and income than the

general population. Both factors have been associated with decreased

utilization of dentistry and increased prevalence of periodontitis (Walden

1988; Ettinger 1992; Haffajee et al 1993). Today's ,.new-elderly,, cohort, on the

other hand, are more dentally-aware, have a higher income/education,

visit the dentist more regularly, are more likely to retain their teeth and

take preventive actions more consistently (Ettinger 1992; Locker and Leake

1993).

Coherence - Although an increase in prevalence/severity of Ap with age

appears to concur with our current understanding of host susceptibility as

vr¡ell as with the natural history of disease, related cross-

sectional4ongitudinal studies have generally failed to consider confounding

variables, or the multifactorial complexities of AP (Löe et aI 1986; Baelum et

al 1986; Haffaj ee et aI 1993). The lack of sufficient prospective empirical

evidence in man limits the understanding of any influence of age on the

natural history ofAP (van der Velden 1994).

Temporality/Analogy/Experiment - There was no evidence to support

these criteria.
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4.1.2 Gender

Consistency - Most longitudinal studies show an association between

gender and the development of AP (Machtei et al 1992). However it has been

shown that males also had higher levels of plaque, which confounds the

gender issue. Two longitudinal studies failed to show a difference in Ap

between genders (Grbic et al 1991; Haffajee et al 1gg3). However, these two

studies had small sample sizes or were of short duration which may not

have permitted gender differences to be found.

Cross-sectional studies consistently have shown a higher
prevalence/severity of periodontitis among males. Gender difference was

evident among Tanzanian adults (Baelum et al 1g86) and elderly lowa

residents (Hunt et al 1990) as well as in a military population (Horning et al

1992) and representative national United States surveys (KeIIy and Van

Kirk 1965; Miller et al 1987; Brown et al 1990). However, males also had

more plaque in these studies, confounding the apparent relationship. In
addition, males also had more teeth present than females which, along

with excluding the edentulous (more likely to be females) would bias the

magnitude of the difference in prevalence between genders. The military
population was predominantly male (85Vo) i.e., unbalanced which possibly

resulted in an underestimation of AP among women, particularly if the

participating women in the study were younger than the males.

Temporality - Males have been shown to have a higher prevalence of

periodontitis. However gender is not a direct cause ofAP (Beck 1g84).

Specificity - Psychosocial factors reiated to gender may explain differences

in AP between genders. Social norms are believed to influence the male

tendency for taking more risks such as smoking, having less health-related

knowledge and taking fewer preventive actions (Coburn and pope 1gZ4;



25

Blaikie 1979; Locker 1989; ). It is these factors which likely influence gender

differences in AP rather than sex specifrcally.

Biologic Plausibility / Gradient / Strength / Coherence / Analogy

Æxperiment - There was no evidence to support these criteria.

4,1.3 Education, Income, andRace

Consistency - Longitudinal and cross-sectional studies have shown

inconsistent results regarding the association between race or lower levels

of education/income and increased prevalence/severity of Ap. A six month

Iongitudinal study of risk indicators for progressive Ap failed to frnd an

association with income/education or race (Grbic et al 1g91). However,

sample size (n = 75) was relatively small and the duration rather short (six

months) to expect to frnd signifrcant differences. Failure to frnd association

could result if account was not made for differences in the number of

missing teeth at baseline since partial and complete edentulousness is

more common among lower SES and minority groups.

Cross-sectional studies of representative United States national

samples have consistently shown increased AP among those of lower

education/income (Kelly and Van Kirk 1965; Bailit and Manning 198b;

Miller et al 1987; Brown et aI 1990). Similar results have been observed

among elderly Ontario residents (Locker and Leake 1g9B), and among New

York residents (Nikias et al 1975).

Increased prevalence/severity of AP are similar when racial

minorities such as elderly North Carolina Blacks (Blaikie 19Zg; Beck et al

1990; Horning et al lgg2; Machtei et al 1992) and United States racial groups

(Miller et aI 1987; Brown et al 1990) have been studied. Cross-sectional

studies also indicate however that there was poorer oral hygiene and less
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preventive behavior among these low SES groups (Nikias et al 1975; Chen

and Stone 1983; Brown et al 1990; Syr.ajala et al 1992) and among non-Whites

(Machtei et al 1992). When race was controlled, the level of education was

found to explain differences in preventive dental knowledge and behavior

observed among certain racial groups (Soh lgg3).

Lower income groups have been found to practice less regular oral

hygiene (Chen and Stone 1983), although reported toothbrushing frequency

has not consistently been shown to vary among various SES groups (Nikias

et al L975). This inconsistency may be due to social desirability bias and

over-reporting of brushing or to inadequate brushing performance.

There is uncertainty as to whether many of the cross-sectional

studies were actually representative of the target populations since some of

the most susceptible individuals were excluded. The most recent united
states national probability survey of the employed and seniors excluded the

unemployed and self-employed. This flaw could have resulted in an

underestimation of the association between lower SES groups and Ap.

Most studies of race and SES failed to control for confounding

variables or consider the complex multifactorial nature ofAp (Blaikie 197g).

confounding is evident among those studies in which racial differences

disappeared when education and plaque were controlled (Kelly and Van

Kirk 1965). When analyses accounted for education, the trend of poorer

periodontal health remained signifrcant among low income groups (KeIIy

and Van Kirk 1965; Miller et al 1987; Brown et al 1990). While education and

income have been shown to be closely related, they do not always have the

same health implications. Income implies the ability to purchase dental

care while education implies a greater awareness/l<nowledge of what

appropriate care is or should be.
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Specificity - Income, education, and race do not influence the

prevalence/severity of periodontitis directly. Instead, the association of

these variables with factors such as oral hygiene practices, dental visiting

and health-compromising behaviors have a more direct impact on Ap
(Nikias et al 1975). This theory is supported by the social science literature

wherein the influence of social class and psychosocial variables on health

attitudes and behavior is fairly well established (Bullough 1972; Coburn and

Pope 1974; Blaikie 1979; Wilson and Eliason 1981; Locker 1989).

Analogy - There is a higher prevalence/severity among lower SES and

minority groups of many dental conditions such as edentulism, caries and

oral cancer (Beal 1989). However the influence of SES and race on these

outcomes is once again, indirect.

Biologic Plausibility / Gradient / Temporality / Strength / Coherence /
Experiment - There is no evidence to support these criteria.

4.2 HEAL'TH.COMPROIUISING BEIIAVIOR

4.2.1 CiganetteSmoking

Biologic Plausibility - The biologic plausibility of the relationship between

cigarette smoking and AP is strong and supported by a number of studies.

Cross-sectional studies among 145 patients with severe periodontitis

showed no difference between smokers and non-smokers regarding

presence of certain periodontopathogens namely, Actinobacillus

actinomycetemcomitans, Bacteroides gingivalis and Bacteroides

intermedius (Preber et al 1992). The laboratory tests used had only poor to

moderate (0.2 - 0.6) reliability due to sampling/culturing difficulties. In
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addition, unknown periopathogens may play a key role in periodontitis

among smokers.

Longitudinal laboratory studies have demonstrated that nicotine

disturbs the alignment of gingival flrbroblasts to glass and to human root

surfaces in uitro (Raulin et aI 1989). The generalizability ofthese flrndings is

unknown. Nicotine has been shown to produce a severe reduction in intra-

arterial flow rates in a rabbit model (Clarke et al 1gB1). It has been

suggested that the nicotine may cause ischemia of the periodontal tissues,

particularly since the vessels which deliver blood to the gingiva are end-

arterioles and there is no collateral circulation to the papillae (Clarke et aI

1981). Prospective human studies have shown that the vascular response

among smokers to plaque-induced gingivitis is suppressed when compared

to nonsmokers (Bergstrom et aI 1988). These results could be due to the

pharmacological effect of tobacco smoke on circulation resulting in
vasoconstriction and decreased circulation (Clarke et al 1gB1). These

vascular changes could explain why smokers often exhibit less gingivitis

than nonsmokers (Feldman et aI 1983; Preber and Bergstrom 1g85, 1g86;

Bergstrom et al 1988; Danielson et al 1gg0).

A three-day quasi-experimental prospective study demonstrated that

smoking one cigarette immediately before cell collection resulted in a

signiflrcant decrease of oral polymorphonuclear leukocyte vitality and ability

to phagocytize (Kenny et al L977). The study failed however to control for

potential differences in plaque among smokers/nonsmokers. Another

quasi-experiment demonstrated that one cigarette produces a suffrcient

amount of toxic material in the oral cavity to inhibit completely the function

ofexposed oral leukocytes (Eichel and Shahrik Lg69). The latter was a short-

term, unreplicated study. Another quasi-experiment of young,

periodontally healthy individuals failed to show an impaired response of
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PMNs (K¡aaI and Kenny 1979). This inconsistency with other studies could

be due to subjects'young age and minimal plaque as well as difference in
study methodology. The results of another quasi-experiment suggest an

immunosuppressant effect by the combustion products of tobacco as

measured by salivary immunoglobulin A levels (Bennet and Read 1gB2).

These results support other similar studies (Costabel et al 1986). A

longitudinal cohort study found the bone mineral content among smokers

to be 10 - 30Vo lower among smokers compared to nonsmokers (Rundgren

and Mellstrom 1984). The authors speculated that tobacco may disturb the

metabolism of vitamin D or influence hormonal states. Studies have

strongly supported the biologic plausibility of a local and./or systemic effect

of cigarette smoking on AP.

Consistency - The literature is consistent in reporting association between

cigarette smoking and AP, regardless of study design or population. Cross-

sectional studies which measured smoking and AP concurrently, show an

increased prevalence/severity of AP among smokers within elderly North

Carolina residents (Beck et aI 1990, 1992), non-institutionalized elderly Iowa

residents (Levy et al 1987), elderly Ontario residents (Locker and Leake 1g9B)

among a military clinic population (Horning et al 1gg2), between co-twins,

one of whom smoked (Bergstrom and Floderus-Myrhed 1g8S), among

Swedish dental hygienists (Bergstrom et al 1991), among individuals with

diabetes (Haber et al 1993), in a representative United States survey (Ismail

et al 1983), among a population which practiced good oral hygiene

(Bergstrom and Eliason 1987), among a Swedish population (preber and.

Bergstrom 1986), among patients attending a dental-teaching clinic
(Bergstrom 1989), and veterans' administration hospital patients (Feldman

et al 1983).
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On the other hand, studies tend to show a lower prevalence of

gingivitis among smokers even though smokers often tended to have

greater levels of plaque Sheihiam 1971; Bergstrom and Floderus-Myrhed

1983; Preber and Bergstrom 1985, 1986). Healing following periodontal

surgery is delayed among smokers (Preber and Bergstrom 1gg0). The latter

study however consisted of a small sample and the differences found could

have been explained by clinical measurement error.

Treatment needs of smokers have consistently been shown to be

greater than non-smokers although treatment-need included

stain/calculus removal (Goultschiin et aI 1gg0). The former requiring more

an esthetic than therapeutic procedure. one large cross-sectional British
study failed to find a difference in prevalence of Ap between

smokers/nonsmokers when plaque level was controlled (Sheihiam 1g71),

although plaque level was significantly higher among smokers as had been

observed previously (MacGregor 1984; Preber and Bergstrom 19g5). Others

have found plaque scores to be no different between smokers and non

smokers (Feldman et aI 1983; Preber and Bergstrom 1986; Bergstrom and

Eliasson 1987). One study showed less plaque among smokers compared to

nonsmokers (Feldman et aI 1983). Some cross-sectional smoking studies

excluded edentulous and other highly susceptible individuals which could

have biased the results, potentially underestimating the association

between AP and smoking. some studies failed to account for confounders

such as plaque, age, race, and socioeconomic status (SES) which could also

have resulted in study bias and under/over estimation of association.

A co-twin study on smoking and periodontitis was able to effectively

control for many of the key variables and potential confounders such as

genetics, gender, age. As a result, the study has strong validity (Bergstrom

and Floderus-Myrhed 1983). However, results could have been affected by
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recall and social desirability bias, clinical measurement errors and lack of

blinding. Certain highly motivated homogenous populations were not

representative of the general population (Bergstrom and Eliasson 1gg7;

Bergstrom et al 1991) although some confounding variables had been

controlled through regression analysis (Bergstrom and Floderus-Myrhed

1983; Bergstrom and Eliasson 1987).

Two case-control studies showed that smoking was significantly

more prevalent among those with periodontitis than those with a healthy

periodontium even after controlling for plaque (Bergstrom lggg; Haber and

Kent 1992). However these studies did not evaluate other potential

confounders in the populations' demographics/ sES characteristics nor

could they establish temporality. cases and controls were not selected from

the same population in either study which could have introduced bias.

Biologic Gradient - There is indirect evidence of a gradient in exposure to

smoking when current smokers are compared to previous smokers and

never smokers. The first have the highest prevalence ofAp (Bergstrom et aI

1991). Those who smoke most heavily have a higher prevalence/severity of

disease (Preber and Bergstrom 1g86; Feldman et aI lgBB) than those who

smoke less. Less consistent with the literature are the results of a national

United States survey which showed no gradient effect (Ismail et al lgg3).

This inconsistency could be due to inaccuracies and biases in self-reporting

and to differences in study design.

Temporality - There is no evidence to support this criteria as no

prospective cohort study has been conducted. Experimental imposition of

smoking on the population would be unethical.
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has been shown in several studies. A cross-sectional study has

demonstrated an increased OR = 2.g among Black and OR = 6.2 among

White elderly North Carolina smokers when compared to non smokers

(Beck et al 1990). However, the microbial flora was also different among

these groups and other potentially confounding factors were uncontrolled.

In fact, those who smoked, had two specific types of bacteria present, visited

the dentist infrequently and had few teeth, there was an OR = 16.0

compared to those who had none of the exposures. An increased OR = 8.6 (p

< 0.001) was found among those with diabetes who smoked compared to

diabetic nonsmokers. Two case control studies found that smokers had an

OR of 2.5 (Bergstrom 1989) and 2.6 (p < 0.001) (Haber and Kent 1992)

compared to nonsmokers when age and sex-adjusted and plaque was

controlled. Neither of these studies however obtained their controls from the

same population as the cases. Any differences between groups on SES or

other characteristics could have biased the results.

Specificity - Some studies suggest a direct influence of tobacco on the

periodontium. C¡oss-sectional studies which control for plaque still found a

difference in AP between smokers and nonsmokers (Sheihiam 1971;

Bergstrom and Eliasson 1987). Rather than a specifrc influence of smoking

on AP, it may be that smoking and infrequent tooth cleaning behavior are

examples of "risk-taking" behavior and related to individual psychosocial

characteristics (MacGregor 1984). Smoking has not been shown to be

significant in a regression analysis of edentulousness when other variables

are inciuded (Horning et al 1992). The association of smoking on

edentulousness has received inadequate attention, particularly since

edentulousness is frequently the result of periodontitis.



ùl

Analogy - The adverse effects of smoking on general health and chronic

illness have been well documented. smoking has been shown to increase

risk of lung cancer, cancer of the oral cavity, esophagus and larynx and to

increase the prevalence of hypertension and cardiovascular diseases (Doll

and Peto 1976; Ismail et al 1983; Abbott et al 1986) as weli as to increase the

prevalence of osteitis following oral surgery (Sweet and Butler lg7g).

CoherenceÆxperiment - There is no evidence to support these criteria.

4.3. CHRONIC DISEASESAND CONDITIONS

4.3.1 Diabetes

Biologic Plausibility - studies support the biologic plausibility of an

association between diabetes and AP. several comprehensive reviews of the

literature suggest the biologic implications of diabetes on Ap. For example:

1) As a result of diabetes, vascular changes occur in various organs and

tissues, including the periodontium. Histological studies have shown a

thickening of the blood vessels. A degenerative vascular change in gingival

specimens has been observed. The width of the gingival capillary basement

membrane among those with diabetes was four times larger than in those

without diabetes. These changes in vascularity may influence delivery of

nutrients/oxygen to the tissues; 2) Abnormal collagen metabolism affects

collagen, the major protein of the periodontium. The integrity of collagen

synthesis and its turnover are essential for periodontal health.
Experimentally-induced diabetes has been shown to reduce collagen

turnover and to induce collagenase activity of gingival tissue resulting in
more rapid breakdown of periodontal connective tissue among those with
diabetes; 3) Altered microbial flora appears to be present among those with

diabetes; 4) Abnormal defense mechanisms related to humoral immunitv
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or neutrophil function have been identifred among those with diabetes

(Ellenberger and Rifhin 1970; Manouchehr-Pour and Bissada 1988; Wilton

et al 1988).

In a cross-sectional study of gingival blood vessels obtained from

gingival biopsies, it was found that there was a marked increase in the

thickness of the vessel walls and thickening of the basement membrane

among those with diabetes compared to those without diabetes (Campbell

1971). Such thickening has been observed in vessels elsewhere in the body.

It has been theorized that the result may be a reduction in flow of

blood./oxygen/nutrients to the gingival tissues. The cross-sectional study

design employed allowed only for association to be made, and temporality

was not established. Additional limitations of the study were that the

sample size of the study was limited to eight and age was not controlled.

In a quasi-experiment of leukocyte response following periodontal

surgery in rats, leukocyte count decreased following surgery among the

diabetic rats compared to non-diabetic rats. There was a less intense

response of neutrophils one day post surgery which could have been related

to impaired chemotactic activity/cell migration (Ramamurthy ei al 1g7g).

Similar results were observed in other animal models (Matsson et al 1gg0,

Ramamurthy and Golub 1983). The extrapolation of these results to

humans may be questioned.

consistency - A recent comprehensive review of the literature concluded

that AP is more prevalent/severe among those with insulin dependent

diabetes mellitus (IDDM) and non-insulin dependent diabetes mellitus
(NIDDM) (Manouchehr-Pour and Bissada 19BB) than those without these

conditions. Earlier studies are criticized for using inadequate/invalid

measures of AP and diabetes.
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Animal studies have shown direct histologic effects of diabetes on the

periodontium. It appears that there is no difference between diabetic/non

diabetic rats in terms of AP when plaque is absent, but, in the presence of

plaque, diabetic rats lose signifrcantly more alveolar bone.

Epidemiologic data are inconsistent in their reported association

between AP and diabetes due primarily to variations in study populations,

methods and clinical measurements of both conditions. Most epidemiologic

studies have been cross-sectional and unable to determine the temporal

influence of diabetes on the development and progress of Ap. Only one

prospective study was reported. It showed an increased rate of CAJ- among

women with diabetes compared to those without (Cohen et al 1920). The age

range of the study population (18 - 35 years) was however narrow and

young. Despite the fact that the study was limited to two years duration,

differences were observed. The results may not be generalized to males

since females have been shown to have better oral hygiene (Kelly and Van

Kirk 1965; Miller et al 1987).

A number of cross-sectional studies have shown an association

between AP and IDDM. AP is believed to be a complication of IDDM, with a

higher prevalence ofAP among those with diabetes (Cianciola et al 1g82). A

study of individuals with long-duration IDDM showed increased

prevalence/severity of periodontitis (Hugson et al 198g). However, since both

diabetes and AP are age-related, confounding must be considered. When

age and plaque were controlled, the prevalence of AP was still greater

among Veterans Administration (VA) patients with diabetes compared to

those without diabetes (Belting et al 1964). Some young IDDM populations

(10 - 18 years) have not shown an increased prevalence of periodontitis

(Barnett et aI 1984). However, it could be argued that the effects on



%

periodontitis do not generally appear until > B0 years (Suzuki lggg) and

would not have been evidenced in this restricted young age gïoup.

A large cross-sectional study among the pima Indians of Arizona, a

population known to have an extremely high prevalence (E\Va of > 85 year

olds) of Type II, NIDDM, showed an increased OR = 2.81 (95Vo conftdence

interval 1.91 to 4.13) for AP among those with NIDDM when adjustments

were made for plaque and demographics (Emrich et al 1993). There may

have been an underestimate of the risk of AP since edentulous individuals

were excluded from the study. The results of this study may not be

generalizable to other racial and ethnic groups.

In a cross-sectional study of 624 elderly Ontario residents, diabetes

was not found to be a risk indicator for Ap (Locker and Leake 19gB).

However, the sample size was inadequate to include a sufficient number of

individuals with diabetes, likely resulting in an inability to detect any

association.

It was difficult to determine the consistency of the related literature

because cross-sectional studies varied substantiaìIy in their methods of

assessing not only AP but also diabetes. Measurement of Ap and diabetic

status are both subject to measurement error.

Biologic Gradient - The literature is inconclusive regarding any influence

on AP of a biologic gradient of duration or level of metabolic control.

Inconsistencies may be due to demographic differences in populations and

methods but differences are probably most affected by measurement error

for both conditions (Manouchehr-Pour and Bissada 1g83). In some cases,

cross-sectional studies have shown no relationship between periodontal

status and glucose tolerance levels (Sastrowijota et al 1gg0). However, one

study consisted of 135 young dental students in whom it could be argued,
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there is very little chance of frnding variations in periodontal status (suzuki

1988). The sample size might also have been inadequate to include a

suffrcient number of subjects with a family history of diabetes. Another

cross-sectional study found no relationship between duration of

diabetes/type of treatment and AP although Ap was influenced by the

plaque level (Nichols et al 1978). However, in a cross-sectional study of a

subgroup of metabolically poorly controlled diabetics it was found that they

had more gingivitis (Rvasti et al 1985) and AP (Tervonen and Knuuttila
1986) than those with moderate to good metabolic control. The difference

remained after controlling for variation in plaque level.

Strength - A cross-sectional study of the prevalence/severity of NIDDM
(type II) diabetes among the Pima Indians, a homogenous group in which

the prevalence of NIDDM is high (50Vo alrnong > 85 year olds) found an

increased risk of CAL (OR = 3.43, 95Vo CI, 2.28 to 5.16) (OR = 2.81 when

plaque and demographics were controlled) among those with diabetes.

Measurement errors may be inherent in this type of study but it is not likely

that there were systematic errors among either groups (Emrich et al 19gB).

The sample size (n = 1,342) was ample.

Specificity - Diabetes is not sufflrcient to cause Ap in all individuals

although it appears that the prevalence/severity of Ap is greater among

those with diabetes. The exact mechanism of action is not understood

(Rosenthal et aI 1988). A quasi-experimental laboratory study demonstrated

that when nine individuals (n - 9) with diabetes were intensively treated

with conventional insulin therapy, their long term metabolic control

improved but there was no improvement over nine months in their
periodontal health (Sastrowijota et al 1g90); possibly due to their unchanged

plaque levels and the short duration of the study.
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Coherence - Reviews of the literature describe several biologically

plausible mechanisms of action of diabetes on Ap, each of which coincides

with the current concepts of the natural history of Ap (Manouchehr-pour

and Bissada 1983).

Analogy - An individual with diabetes is believed to be predisposed to soft

tissue and general infections due to compromised polymorphonuclear

(PMN) chemotaxis and phagocytosis or humoral and ceII mediated activity.

Related microangiopathies may cause retinopathy. Diabetic complications

of the kidney are also common (Rosenthal et aI 1988). Cross-sectional

studies have shown that diabetes is associated with an increased

prevalence of cardiovascular disease (Zimmet 19g2). However, others

suggest that individuals with diabetes are not at increased risk for bacterial

infections (Ellenberger and Rifkin 1970) particularly when metabolic

control is good.

Experiment - A quasi-experiment of induced-diabetes in rats showed no

difference in AP between diabetic rats and controls. However when plaque

was introduced, the diabetic rats lost, signifrcantly more alveolar bone than

those without diabetes (Manouchehr-Pour and Bissada 1g8B). Extrapolation

of results to humans is questionable.

Temporality - There was no evidence to support this criterion.

4.3.2 Hypertension and Ischemic Heart Disease

Biologic Plausible - A review of the literature proposes that in Ap, as in

other chronic diseases, the role of the host defense mechanism should not

be overshadowed by the role ofthe bacterial agent (Clarke and Carey 1g85).
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The gingival margin is composed of small vessels where collateral

circulation is minimal and there is a high nutritional demand to allow for

quick collagen turnover rates. Diseases of the peripheral vessels may affect

these end-organs and in turn, influence the surrounding tissues (Clarke

and Carey 1985). Jschemic heart diseases which have been studied in
relation to AP are acute myocardial infarction (MI), angina pectoris

(angina) and coronary atherosclerosis (arteriosclerotic and atherosclerotic

heart disease) International Classification of Diseases Codes: ICDC #410,

413, and 414. (ICD.9.CM, 1979). Hypertension is rarely defrned consistently.

Hypertension as defined by the 1985 Canadian Blood pressure Survey

(Health and Welfare Canada 1989) and the 1989 Manitoba Heart Health

Survey is: Current diastolic blood pressure (DBP) > g0 mm Hg and./or on

treatment (Young et al 1991) with medications.

The authors of a number of cross-sectional studies suggest

biologically plausible explanations for an association with vascular disease

and AP. In autopsy specimens, the mandibular arteries of patients with
periodontitis were found to be nearly obliterated. The authors speculate that

there was evidence of arterial disease in the periodontium and that
periodontal health may have resulted from decreased circulation and

influencing cell metabolism and defense mechanisms (Quintarelli 195?).

However, the issue of temporality was not addressed and no account was

made for age. Both factors challenge the study's validity, particularly since

age is a correlate with both conditions. Another set of autopsy specimens of

patients who had died of cardiovascular disease showed degenerative

vascular changes in the oral mucosa (Stahl and Fox 1g5B). This study had

no controls and did not account for any other potentially confounding

patient characteristics. Others have shown that low SES, as measured by
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education, was associated with a higher cardiovascular risk profile,

namely smoking, obesity and physical inactivity (Miltar and Wigle 19g6).

A histological study of periodontal vasculature among autopsy

material from jaws of three individuals who died of arteriosclerosis also

found vascular narrowing and calcifrcation of the vessel walls in the

periodontium (Grant and Bernick Lg70). The findings do not prove that

arteriopathies predispose the periodontium to periodontitis or that they

preceded AP. However, they do show that the vessels of the periodontium

are affected by arteriosclerosis. The effect, ifany, on Ap is unknown.

Two cross-sectional studies suggest an association between

hypertension (high blood pressure) and AP based on the identification

among hypertensives of an increased number of nutrient canals in the

alveolar bone (Patel and wuehrman 1976; Patni et al 1985). The studies did

not control for age and were poorly designed. The suggested biologic

plausibility that hypertension increases the number of nutrient canals by

dilating the arterioles and./or by causing hyperplasia of the vessel resulting

in new collateral vessel openings seems unfounded and is not supported

elsewhere in the literature.

Very little attention has been given to the influence of vascular

conditions on AP. However, theories suggesting an influence on Ap by

impaired peripheral vessels seem biologically plausible.

consistency - several cross-sectional studies have suggested an influence

of vascular conditions on AP. In a vascular study among seven individuals

with AP who had died from a variety of causes, histologic signs of

arteriosclerosis were found not only in the aorta, intercostal, and renal

arteries, but also in the mandibular artery. In addition, the vessel lumen

were obliterated. The authors suggested an indirect relationship between
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cardiovascular disease and AP (Quintarelli 1g57). However, the report did

not indicate whether all individuals had vascular disease. There appeared

to be no control specimens.

Other cross-sectional studies have found no increase in the

prevalence ofAP among 121 VA hospital patients who had cardiac disease.

However, among 155 VA patients with arteriosclerosis, there was a

"greater prevalence of periodontitis than expected" (Sandler and Stahl 1g60).

No statistical analysis was reported. The results may not be readily

generalized because 90Vo of the subjects were males of low SES. Although

inadequate statistical analyses were done, the results warrant further

investigations.

A cross-sectional study of elderly Ontario residents found that
general health conditions (including hypertension and heart disease) were

not risk indicators for AP (Locker and Leake 1993). However, the sample

size may have been inadequate to identifii an association if it existed. A 14-

year longitudinal study of 20,000 subjects found dental disease was

associated with an increased risk of coronary heart disease in young men

(Destefano et al 1993). This association may have been due more to health

compromising behavior than a direct influence of coronary heart disease

and dental health. There was no account made for age, known to be

correlated with both coronary heart disease and AP.

Two case-control studies assessed the association between dental

health and acute myocardial infarction (MI). Dental health was found to be

signifrcantly worse among individuals with MI, even after adjusting for

age, SES and smoking (Gilmour et al 1989; Matilla et aI 1989). The validity of

the study is challenged because the authors had to sample twice, using

different inclusion criteria to obtain a suffrcient number of controls. They

also used a new, unvalidated aggregated dental index.
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There seems to be consistency of association between Ap and

vascular diseases/conditions among the few reported studies although the

designs of most studies are somewhat suspect. whether coronary heart

disease is influenced by AP is uncertain although the plausibility has been

suggested recently (Destefano et al 1993; Page 1995).

specificity - A case history of gingival overgrowth associated with the

administration of nifedipine showed that gingival overgrowth could be

induced by the administration of nifedipine, and upon termination of

administration, there was tissue resolution, with overgrowth returning

upon subsequent re-administration (Lederman et al 19g4). The

periodontium appeared to be influenced more by the medication used to

treat heart conditions (In this situation, nifedipine was used to treat angina

pectoris.) than the heart condition itself. In a seven week quasi-experiment

of hypertensive rats, obesity, not the animal's hypertensive state played a

signifrcant role in their development of periodontitis (peristein and Bissada

1977). The limited studies available suggest that factors related to heafi/
vascular conditions such as medications or obesity may be more directly

influential in the development of Ap than the vascular conditions

themselves.

Analogy - Individuals with hypertension and coïonaïy heart disease are

more apt to have a higher prevalence of diabetes and other chronic health

conditions (Department of Health and Human Services lggg).

Experiment - A seven-week quasi experiment in rats showed that
hypertension alone was not a significant risk factor for periodontitis but

that obese-hypertensive rats when compared to hypertensive or obese rats

developed the most severe periodontitis (Peristein and Bissada 1g77).
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Biologic Gradient / Temporality / Strengf,h / Coherence - There was no

evidence to support these criteria.

4.4 MEDICATIONS WITH POTENITIAL DRUG ACTIONS

Biologic Plausibility 
-Medications have been classified as to their effect on

the oral cavity. Class I medications have a direct effect through

mechanisms such as xerostomia or gingival overgrowth while class II
medications may cause local or systemic complications for dental

procedures. Class I medications are taken by BlVo of 25 - 44 year olds and

47Vo of > 65 years (Beck and Hunt 1985).

The relationship of sex hormone therapy to Ap has been studied. A
cross-sectional study of the effect of female sex hormones showed that
pregnant women had more gingivitis than non-pregnant women with a

correspondingly higher prevalence of Bacteroides bacterial species among

those who were either pregnant or using oral contraceptives (OC's). The

level of Bacteroides was 16x greater among OC users than non-pregnant

women. Bacteroides species requires naphthaquinone, for which sex

hormones may be a substitute (Jensen et al 1g81). Several review articles

propose mechanisms of action on AP by a number of other hormones.

Plaque-induced gingivitis is accentuated by circulating levels of estrogens/

progesterone and androgens via partial immune suppression, increased

fluid exudation, or stimulation of frbroblast activity. The main effects of

these hormones/medications on the periodontium is gingivitis or

pseudopocketing not CAL (Sooriyamoorthy and Gower 1989).

Nifedipine (Adalat) therapy has been shown to cause a higher

prevalence of gingival overgrowth when compared to cardiac patients

taking atenolol or a control. The mechanism is believed to be an effect of the
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article described the effect the antiepileptic, phenytoin (Dilantin) on the

periodontium. It is thought that phenytoin has a direct effect on gingival

frbroblasts (seymour and Heasman 1gB8; suzuki lggg). Medications causing

gingival overgrowth, create a difficult-to-clean environment, potentially
predisposing the individual to AP (Se).¡rnour and Heasman 19gg).

Immunosuppressants are believed to act on the immune system,

causing selective inhibition and suppression. cyclosporin, like nifedipine

and phenytoin, has been shown to produce gingival overgrowth, although

gingivitis is less prevalent among those who take cyclosporin compared to

controls (Seymour and Heasman 1g88; Suzuki 1g8g).

The biologic plausibility of the rerationship between the medications

reviewed and gingivitis is reasonable however it may not apply directly to

periodontitis. The importance of medication-induced gingival overgrowth

in the initiation or progression ofAP has not been adequately studied.

Consistency - A cross-sectional study found that women taking OC's for

more than Il5 yearc, when compared to women using other forms of

contraceptives, had lower plaque levels but higher levels of gingivitis and

periodontitis (Knight and wade 1978). The study population was restricted

Lo 17 - 23 years olds. The population may have been too young to be able to

detect differences in periodontitis, if it occurred. small differences could be

attributed to clinical measurement error. In addition, the study's duration

was limited and recall bias may have occurred when subjects were asked

whether there had been any breaks in their use of OC's over four years.

In another cross-sectional study, it was found that cardiac patients

taking nifedipine had a higher prevalence/severity of gingival overgrowth

than those taking atenolol or a control when plaque was controlled (Barclay
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et al 1992). This was a small (n = 1g) sample size and causal inferences

could not be made due to study design. Another cross-sectional study

showed that patients who used cyclosporin and nifedipine had a higher

prevalence of gingival overgrowth than those taking either medication

alone (Thomason et al 19ga). A significant correlation was found between

overgrowth and plaque in both groups. The role of gingival overgrowth in
the initiation ofAP has not been clearly established. Ar evidence is cross-

sectional, therefore no causal inferences may be drawn.

Biologic Gradient - cross-sectional studies reveal that current oc users

had more gingivitis than those not taking OC's. There was however no

relationship in severity/extent of gingivitis with different levels of

estrogen /progesterone content among the different OC brands although

some brands produced more gingivitis than others. There was also no

influence on severity/extent of gingivitis with increased duration of oc use

(Kalkwarf 1978). The examiners were blind to OC use, however, the data

were subject to recall bias. In addition, the results apply to gingivitis, not to

periodontitis. Although use of cyclosporin has been associated with gingival

overgrowth and a dose-response relationship observed (Seymour and

Heasman 1988), increased dosage of cyclosporin has not been associated

with increased prevalence/severity of gingival overgrowth in another cross-

sectional study (Thomason et al 19g3). There is conflicting evidence as to a

dose-response relationship between phenytoin and gingival overgrowth

(Seymour and Heasman 1988).

Specificity - A case history, earlier described, indicates the speciflrcity of

nifedipine to produce gingival overgrowth and for the condition to be

reversed upon withdrawal of the medication (Lederman et al 1gg4). This



46

overgrowth of tissue may foster periodontitis, but the medication itself does

not cause AP.

Temporality / strength / coherence / Analogy / Experiment - There is no

evidence to support these criteria.

4.5 ORAL FINDING

4.5.1 Bacterial Dental Plaque

Biological Plausibility - Bacterial plaque has been shown experimentally

to be the primary etiologic agent of gingivitis ( Löe et al 1965; suzuki 19g8). It
is believed that progression from plaque-associated gingivitis to
periodontitis represents a conversion from an established to an advanced

lesion (Page and schroeder 1g82; suzuki 1g8B). This conversion may reflect

aberrations of host cell responsiveness to plaque infection or may represent

colonization and infection by highly pathogenic organisms (suzuki lggg).

Three biologically plausible hypotheses of causality have been proposed: 1)

direct tissue destruction caused by plaque and its toxins; 2) immune hyper-

responsiveness; or 3) immune defrciencies (Suzuki lggg). In support of
these explanations, it has been demonstrated that certain bacterial species

invade the periodontium. while this invasion corresponds to episodes of
tissue breakdown, (Newman 1gg0) there is no evidence to prove that it
causes the destruction. some studies report that patients with advanced

periodontitis have a depressed lymphocyte blastogenic response to plaque,

while others find an acceptable range of responsiveness once healthy

subjects were age and sex-matched (Suzuki 1988).

Degradation of gingival tissues may be caused by pathologic

alternations of frbroblasts, the influx and activation of pMN's/macrophages

and their release of collagenase and other connective tissue degrading
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enzymes' Bone resorption is believed to result from processes involving

products of activated lymphocytes, prostaglandins, and perhaps direct

effects of bacterial substances. All of these processes have been shown to be

activated experimentally by subgingival bacteria (page and schroeder 1gg2)

in uitro or in animal models. The ecological theory of causation suggests

that shifts in the proportions of bacteriai species in plaque result in
imbalances of some species and the development of periodontitis (Newman

1990). Since no single species has been shown to cause Ap, the theory is
plausible. However, bacterial species have been shown to differ between

gingival health, and various stages of gingivitis with predominantly gram

positive cocci and rods in health changing to fiIamentous flora, vibrious

and spirochetes in more established lesions. In a lll year quasi_

experiment, dogs were assigned to test or control groups to study the

influence of plaque accumulation on the development of periodontitis. ln
the presence of plaque, periodontitis developed while plaque-free teeth

showed no signs of gingivitis or periodontitis (weintraub and Burt 19g5).

The generalizability of frndings to humans may be questioned.

Consistency - Numerous cross-sectional studies employing various

methodologies have shown consistently that poor plaque control is
associated with an increased prevalence and severity of periodontitis

among a wide variety of populations (Kelly and Van Kirk 196b; KeIIy and

Harvey 1979; Burt et al 1982; Abdeltatif and Burt 1987; Brown et al 1990; Beck

et aI 1990; Beck et al 1992). However, since Ap and plaque were assessed

concurrently, temporality was not established.

Clinical trials have also supported plaque as a causative agent

(Axelsson and Lindhe 1978; Page and Schroeder 1982). A number of defrned

bacterial species have been associated with periodontitis (suzuki 19gg; Beck
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et ar 7992; Haffajee et al 1993). Experimental animal (Lindhe et al 19zB) and

human (Axelsson and Lindhe 1g7B) studies support plaque as a causative

agent. Experimental gingivitis in humans is known to be caused directly by

bacterial plaque ( Löe et aI 1965; Page 1986). Although the presence of plaque

has been shown to be a strong clinical predictor of future attachment loss in
a one year longitudinal study in humans (Haffajee et al 1g9B), the

association of plaque with progressive attachment loss may have been due

to plaque's association with attachment loss at baseline. Few studies have

failed to frnd an association between plaque and periodontitis (Africa et al

1985; Baelum et al 1986; Löe et al 1986; Griffiths et al 1988). Some

individuals/populations appear to be resistant to bacterial plaque. Evidence

from several longitudinal studies suggest that plaque is a necessary but not

suffrcient cause of periodontitis (curtress et at rgg2; Africa et aI 1gg5;

Baelum et al 1986; Reddy et al 1986).

Biologic Gradient - cross-sectional and clinical studies have shown that
with increasing plaque, there is an increase in the prevalence of
periodontitis (Kelly and Van Kirk 1965; Burt et al 1982; Miller et aI I9g7;

Abdellatif and Burt 1987; Brown et aI 1990; Machtei et al 1992; Haffajee et al

1993). Few studies failed to show evidence of a differential response to

increasing gradients of plaque (Baelum et aI 1986). Most studies did not

measure plaque mass or thickness directly but rather determined the

proportion of teeth with plaque. Although perhaps not directly applicable to

periodontitis, the initiation of experimental gingivitis is preceded by a
gradual increase in mass and thickness of plaque (Löe et al 1965; Lindhe et

al 1973; caton 1993) and related changes in the bacterial composition which

occur with increasing thickness of plaque. whether it is changes in mass

or bacterial composition which influences the conversion of gingivitis to
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periodontitis is uncertain. However, it has been proposed that increasing

thickness of plaque may alter the ecology of plaque, resulting in more

gram-negative anaerobic bacteria, known to be associated with the

initiation of periodontitis (Page and Schroeder lgg2).It may be, however,

that periodontitis itself is responsible for some of these ecological shifts in
bacterial species.

Temporality - The initial and early gingivitis lesion may be induced

experimentally by applying extracts of plaque-bacteria to healthy gingiva of
animals (Page 1986). The classic experiment of Lôe et aI demonstrates that
when plaque is allowed to accumulate for 21 days in periodontalty healthy

individuals, gingivitis is induced and subsequent plaque removal results in
resolution of gingivitis (Löe et aI 1g65; Page 1g86). Löe's experiment satisfres

the temporal criteria in the cause of gingivitis. However, periodontitis was

not investigated.

A well-controlled quasi-experiment among dogs satisfied the

temporal criteria for causality of periodontitis. periodontitis was induced

among initially healthy dogs by allowing plaque to accumulate on test teeth

for 18 months (Lindhe et aI 1978). The generalizability of these results to
humans is uncertain. A three year quasi-experiment demonstrated that
periodontitis could be prevented in adults maintained at a high standard of

oral hygiene compared to a control group undergoing standard dental care

(Axelsson and Lindhe 1978) i.e., Iess rigorous attention to frequent plaque

removal. Although there were no differences between test and control

groups at baseline, the study's internal validity was threatened by failure to

randomize assignments.

Strength - A recent re-analysis of secondary epidemiologic data taken

from cross-sectional studies suggested a strong relationship between
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periodontitis and oral hygiene, the odds ratio (OR) = 20.52 (95Va conftd.ence

interval 17.75 - 23.72) (Abdellatif and Burt 1987). The incidence rates for
periodontitis in all ages were higher among those with poor oral hygiene.

The etiologic fraction indicated that at least SBvo of periodontitis among aII

exposed groups could be attributed to oral hygiene. The validity of the

statistical methods used to estimate incidence from age-specifrc prevalence

among the 15,000 dentate Americans may be challenged because

prevalence is a function of both incidence and duration. However, since

periodontitis is generally an irreversible, non-fatal condition, incidence

could reasonably be estimated from age-specifrc prevalence.

Other cross,sectional studies have assessed the strength of
association between plaque and periodontitis and have concluded that
among Black elderly North carolina residents, the oR for periodontitis for

those with B. gingivalis above 2Va was 2.4 and for B. intermedius, 1.g (Beck

et al 1990, 1992). Others report an increased OR = 2.8 among those with poor

oral hygiene practices (Locker and Leake lgg3). However when other

variables were controlled, this frnding often disappeared. Many of these

cross-sectional studies have found increased odds of periodontitis

associated solely with plaque, but also with other variables suggesting a

complex interactive and multifactorial relationship. The few studies which

failed to show a signifrcant relationship between plaque and periodontitis

were among unique populations/individuals who appeared to be

periodontitis-resistant (Africa et al 1985; Löe et al 1986; Baelum et aI 1986).

Only recently have measures of magnitude been applied to study

periodontitis but those which exist tend to support the association.

specificity - certain bacteria have been shown to be explanatory variables

in predicting periodontitis (Beck et al 1990; Haffajee et al 1998). Studies have
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revealed varying degrees of specifrcity of particular species of bacteria in
association with health,/ gingivitis/ periodontitis (caton 199s). There is little
doubt that periodontal diseases are infections, many being caused by

specifrc organisms. In fact, specifrc species or combinations of species may

be associated with different diseases (Suzuki 19gg). yet, no specific

bacterium has been shown to be causative for Ap (Newman 1gg0; Ismail

and Lewis 1993). studies are hampered in identifying specifrc bacteria due

to methodological sampling/ culturing problems.

The specificity of plaque in gingivitis and periodontitis was described

earlier (Löe et aI 1965; Lindhe et al lgTB). The presence of plaque is not

always sufficient to cause periodontitis as evidenced in longitudinal and

cross-sectional studies among periodontitis-resistant populations/

individuals (Page and schroeder 1982; cutress et aI 19g2; Africa et aI 19g5;

Baelum et al 1986; Ltie et al 1986).

coherence - The relationship between plaque and periodontitis does not

conflict with the current understanding of the natural history of the

disease' studies which suggest plaque as a predictor of future destruction

coincides with our understanding of the influence on the periodontium of

extended plaque exposure (Löe et aI 1965; Lindhe et al 19ZB; Haffajee et aI

1993) and the natural history of disease (page and Schroeder 1gg2) as well

as with tissue response to alterations in the ecology of the microbial flora
(Newman 1990). That periodontitis can be prevented by rigorous plaque

control (Axelsson and Lindhe 1gT8) is also in keeping with Löe's classic

experimental gingivitis studies (Löe et al 1g65) and the natural progression

of the disease.

Analogy - Dental caries (decay) results from the action of bacterial

metabolic end products localized on the tooth surface in dental plaque



52

(Nikiforuk 1985). It has been shown that both caries and Ap could be

prevented./controlled when plaque was rigorously eliminated (Axelsson and

Lindhe 1978). However, the generalizability/feasibility ofa progïam of twice

monthly professional prophylaxis is questionable.

Experiment - T\ry'o experiments described previously (LOe et al 1965;

Lindhe et aI 1973) confirmed the etiologic role of plaque in periodontitis in
animal models and gingivitis in man. In general, most plaque-related

studies have been cross-sectional in nature. Many have excluded

edentulous individuals or other highly susceptible groups such as the

unemployed (Brown et aI 1990) which could have underestimated

association.

some studies looked at isolated risk variables, failing to consider the

multifactorial nature of periodontitis or the importance of controlling for
confounders. cross-sectional studies are unable to address temporality of

the associations or the specificity of bacterial species since prevalence and

exposure are assessed concurrently. As a result, inference may not be

drawn from such studies. Since random izatíon was not employed in a
number of quasi-experiments, validity is suspect. These alternate research

designs were most likely chosen because ethical considerations prohibit
experimental inducement in man of a potentially irreversible condition

such as periodontitis.

Only a few studies have failed to find an association between plaque

and periodontitis. These results however may be biased due to inaccurate

self-reports of brushing frequency or to the transient nature of plaque or to

the Hawthorne effect. The inter/intra - rater reliability of the plaque indices

and cAl- was often unreported or low. Poor reliability could have resulted

in a failure to find an association if it existed. A number of studies which
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failed to frnd an association were conducted in apparently periodontitis-

resistant populations or under compromised field settings (Kingman et al

1991).

Table 4.1 - STRENGITI OF SCIENITIFIC SVDENCE

Sociodemographic Variables

CRITERIA IC ¡
Plausibility

Consistency 292, 185, 17, 16, 1BO, 197, 60, 284, 274, 202,137, 195, 60, 2O7, 12,
294, 186,219, 161, 192, 143, .185, .f 61, 45, 45, 27, -161, 161,202, 45,
161,192, 143, 45,202, 223, 202, 180, 18, _112, -274, _26 21
45,202, ,112, -122, _112 _112
- 52, - 122,
-146, _3

B¡ol09¡c Grad¡ent 292, 17, 294,
186

Temporality 24Strength -3
specificiry -294, -52, -88 -192, -16, _180, -41, -68, _41, _274, _26 _41, -68, _2O7,

-180. -41 -302 -21, -47

21

Not Convinc¡ns { I I I I

Coherence 17, 292, 186,
219, _122

Ana lo 9y
Exper¡ment
H¡ghly Convinc¡ng
C o nfl¡ct ¡n g
Evidence

Health Compromising Behavior

RIA
38, 243, 64, 75, 163, 83, 168, 31, 72, 251

Consistency 27, 174,26,185, i37, 35, 1Og,94,297,97,117,.t47,236, 266, 33, 2g3,
234, 90

Biof ogic Gradient 37, -147

Temporality
Strength

Specif icity
Coherence
Ana logy
Ex per im e nt
Highly Convincing
Conf licting Evidence
Not Conv¡ncing

27,26,35, 117

33, -137, -266, -191

1 47 , A2, 2, 283
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Chronic Diseases, Conditions & Medications
cn

196, 3,84, 238,
63

22, 1

Consistency

Biologíc Gradient

Temporality
Strength

Specif icity

Coherence

An alogy

Experim e nt
Highly Convincing
Conf licting Evidence
Not Convincing

56, 241 , 199, 240

196, 139, 85, 286,
69, 62, 29, -203, -185

286, 252, -196, -259,
-206

-248, -258

196

248, 305, -84

196, 199

238, 198, -185, -224 22, 19, 263, 288,
282, 167

_288, _263, -157

-244, -173

78

-244

Gingivitis not Periodontitis

ISCHEMIC HEABT

OralFinding

Consistency

Biologic Gradient

Temporality

Strength

Specif ¡c¡ty

Coherence

Analogy

Experiment
Highly Convincing
Conf lícting Evidence

2J:, 1!6^,27,26, 1s2, 122, 13, 53, 45, 160, 161, 2o2, s, _8, _244, _74, _115,
-16, -186

1 89, 176, 58, 1 92, 53, 45, 202, 3, 34, 125, 1 46, _27, _8

189, 176, 13,215

26, 3, 27, -27 , -8, -186, -185

189,282, 176, 58, 27, 26,34, -8, -244, -74, _186, _146, _27, _218

218, '189, 205, 176, 58, 34, 215,26, -27, -8, _74, _186

'189, 215, 26

189, 176

Support or lack of support C) for each variable according to Hil1,s Criteria. Numbers
represent references in bibliography.
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4.6 CONCLUSIONS

Bradford Hill's criteria for causation constituted the theoretical

framework employed to assess the strengths and weaknesses of the

scientifrc evidence to support an association between key variables and

adult periodontitis. As evidenced in Table 4.1, there is highly convincing

evidence that both bacterial plaque and cigarette smoking have a causal

relationship with AP. Documented evidence of diabetes as an independent

risk factor for AP is less convincing. Although age, gender, education,

income, and race may be correlates with or determinants for Ap, the

literature does not suggest they play a causal role.

Use of specifrc medications may cause gingival conditions. However,

a causal inference with periodontitis may not be drawn.

There is inadequate evidence to support or negate a causal role in Ap
for hypertension or ischemic heart disease.

Further cross-sectional and case-control studies are warranted to

clarify the strength of association between AP and hypertension/ischemic

heart disease, diabetes, and certain medications. Experimental or

longitudinal prospective studies should focus on confirming the role of
cigarette smoking and./or plaque as risk factors for Ap while considering

the multifactorial nature of the disease.
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CIIAPTERFIVE
DESIGN OPTIONS FOR RISK ASSESSI/Iu\M

5.0 ü\ITRODUCTION

In this chapter, various study design options were reviewed and their
advantages and disadvantages weighed in light of the purposes of the

current study. A summary of these deliberations follows.

There are three broad categories of empirical research: Experiments,

which employ randomization of factors of interest to the subjects; euasi-
experiments, in which there is no randomization but the investigator
artificially manipulates the study factor; and observational studies, in
which there is no manipulation by the investigator of the study factor
(Kleinbaum et aI 1982).

5.1 Ð(PERJMEIrÍTALveTsusOBSERVATIONALSTUDIES

Experimental studies are best able to control for extraneous variables

and quantitative or temporal features of the study (schlesselman 1gg2;

Kleinbaum et al 1982). Quasi-experiments have less control over extraneous

variables but they also have fewer practical hurdles than experiments.

Experiments permit a direct means of inferring that an association

between two factors is causal. However, experiments are often lengthy, due

to long latency periods between exposure and outcome and they typically
require large numbers of subjects. In addition, ethicar considerations

would not permit imposition of risk factors in human experimentation
(Schlesselman 1982). Community intervention random controlled trials
(RCT's) may however be utilized to reduce the risk factor of interest in an

experimental group in order to establish disease causality (Bader 19g0).
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However such studies are dependent on the ability of the intervention to
reduce the risk behavior.

observational studies can estimate disease frequency and formulate

specifrc hypotheses. Analytically-based observational studies often follow

descriptive studies, their purpose to identify potential risk factors, estimate

their effect and to suggest potential interventions (Kleinbaum et al 19g2).

Both observational and experimental studies are able to clarify cause-and-

effect relationships (Schlesselman 1g82).

observational research is often ress expensive/time-consuming than
experiments. such studies usually take place in natural settings making

the study population more representative of the target population. It is

frequently a practical, feasible design since the investigator does not

manipulate the risk factor(s) under study (Kleinbaum et al 1gg2). However,

since there is limited control over the study variables, potential sources of
error may threaten the internal validity of the study. These studies are

diffrcult to replicate, threatening their external validity (Kleinbaum et al

L982).

5.2 ANALYTIC DESIGNS

5,2.1 Cross-Sectional Studies

cross-sectional studies are observational studies which assess

exposure and disease status simultaneously. They are useful for
determining prevalence of conditions in a population, e.g. periodontitis; the

distribution of particular characteristics, e.g. age; or the frequency of
health compromising behaviors, e.g. smoking. However, since exposure

and outcome are assessed concurrently, it is not possible to establish

temporality. In addition, since cross-sectional surveys consider prevalent

cases, they reflect determinants of survival as well as etiology. Despite their
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shortcomings, the results of such studies are often the first step in the

formulation of etiologic hypotheses. Most evidence of potential risk factors,

indicators and determinants of periodontitis has been obtained from cross-

sectional observational studies (Miller et al 1gg7; Brown et aI 1g90; Beck et

ar 1992; Locker and Leake 199s) This design cannot directly test etiologic

hypotheses (Kleinbaum et al Ig82; Hennekens and Buring 19g7).

5.2.2 Cohor"t Studiqs

Another type of analytic observational study is the cohort study. It
proceeds from a postulated cause to effect, similar to an experiment.

cohorts are observed over a specific period of time, after having been

classified on the basis of certain characteristics. Groups are subsequently

compared with regard to the outcome of interest (schlesselman 1gg2).

cohort or follow-up studies may be used in risk factor studies in which a

group (cohort) of individuals are identifred, based on the presence/absences

of exposure to a suspected risk factor. Individuals must be apparently free

of the disease under investigation at the beginning of the study and

subsequently followed over a specific (often lengthy) time to determine the

occurrence, i.e., incidence of the disease (MacMahon and pugh 1gZ0;

Hennekens and Buring 1g87).

current cohort studies are those in which the outcome occurs after

the investigation begins. In historical cohort studies, on the other hand, the

outcome has already taken place before the study is initiated. cohorts are

determined in the latter situation through data from existing records
(MacMahon and Pugh 1920; Schlesselman 19g2). A p¡pspedil¿e study
permits direct estimation of incidence rates for those with and without a
particular attribute. The ratio of these rates is the relative risk. They can

establish temporal sequence and evaluate multiple effects from a single
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exposure. since the disease has not occurred at the start of a prospective

cohort study, bias in subject selection and establishment of exposure is

minimized (Hennekens and Buring 1gB7). Retrospective cohort studies

usually are conducted more quickly and inexpensively than prospective

cohort designs. They are efficient for a cohort investigation of conditions

with a long latency period but depend on availability of accurate pre-

existing records and thus are subject to information bias. In addition,

information on potential confounding variables may not be available from

existing records.

Cohort studies are not exempt from biases. Selection bias may occur

if both groups are not susceptible to the outcome of interest. Information

and measurement bias may occur when determining the exposure status.

subjects may also change their exposure status. Failure to establish

diagnostic criteria prior to study initiation or failure to measure both

groups uniformly for the presence of disease may result in bias. External

validity of cohort studies may be influenced by non-participation,

withdrawals, and losses to follow-up. The proportion of subjects lost must

not differ between exposure groups and the number of subjects lost to follorp

up must be minimized (MacMahon and Pugh 1970; Kelsey et al 19g6).

Limitations of the cohort design include: 1) If prospective, they may be

expensive and time consuming since they follow large cohorts over lengthy

periods of time. 2) There is the potential for bias and reduction of external

validity due to losses to follow-up. 3) They are inefficient for the evaluation of

rare diseases, unless attributable-risk is high (Hennekens and Buring

1987).
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5,2.3 Case Conbrol Studies

Another type of analytic observational study is the case-contror (c-c)
or retrospective study which proceeds from effect to cause, attempting to

identify antecedents that led to the disease. The use of control groups to
infer causality came from the experimental methods formalized in the lgth
and 19th centuries (Sartwell 1924; Schlesselman 19g2). The C_C design is

based on the selection of subjects with a condition (cases) and a comparison

group(s) of individuals in whom the condition is absent (controls). Cases

and controls are compared in terms of their exposure to variables under
study (Schlesselman 1g82; Hennekens and Buring 19gZ). For example, the
prevalence of periodontitis among pima Indians with NIDDM diabetes has

been compared to Pima Indians without diabetes. Results indicated that
those with diabetes were three times more likely to have moderate to severe

periodontitis (Emrich et al 1g9B). case-control studies may be exploratory

whereby multiple hypotheses are proposed to gain enough knowledge about

the disease and potential risk factors to subsequently form a specific

etiologic hypothesis. However, case-control studies which are designed to

test speciflrc hypotheses have more scientifrc credibility (schlesselman 1gg2).

There are several advantages to the case-control design: 1) When

studying diseases with long latency periods such as chronic periodontitis, it
is possible to identify a suffrcient number of cases immediately and not wait
years for the disease to develop.2) The design permits identifrcation of
adequate numbers ofcases of diseases which may be somewhat rare. s) The

association between a disease and a wide range of potentiar etiorogic

exposures can be evaluated with the c-c design and as such, the design is

useful in hypothesis development. 4) c-c studies may be relatively quick

and inexpensive. 5) Existing records may be utilized. 6) There is no imposed

risk to subjects (Schlesselman 1982; Hennekens and Buring 1-9gZ).
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The limitations of the case-control study design are: 1) There may be

diÍïìculty in establishing antecedent exposure to the "risk factor', prior to the

development of the disease. 2) c-c studies are particularly susceptible to

certain biases as described in Section 5.8 (Sartwell 1924; Sackett 1929). B) C_

c studies are inefficient for evaluating rare exposures. 4) Incidence rates

can not be computed directly, unless the study is population_based

(Hennekens and Buring 1987). This may not be a serious limitation since

absolute risk is generally known from other available epidemiological data

on similar populations (Sartwell L97 4). E) Validation of data may be diffrcult

to carry out. 6) control of extraneous and confounding variables may be

incomplete. 7) Detailed study of the mechanism of causation is usually not

feasible. 8) The c-c study is not suited for evaluation of therapy or for

diseases of high incidence and short duration such as influenza (sartwell

1974; Schlesselman 1982; Hennekens and Buring 19gZ).

5.3 STUDYBIAS

Biases that may affect case-control studies are discussed along with
methods to evaluate and control them (Schlesselman 1gg2) including

selection bias. case selection bias may occur if study volunteers are

different from those who do not volunteer regarding the exposure and

outcome under investigation (Hennekens and Buring 1gg7). participants

should be compared to non-participants regarding key variables. sources of

error may also come from selection of controls. Ideally, controls should

come from the same population as cases and have similarity in the

attributes ofinterest (Mantel and Haenszel 1959; Sartwell 1974).

Surveillance bias may occur in a case-control study when cases are

more likely to be detected among those seeking medical/dental care than

those who do not. It has been suggested that there may be danger in
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making inferences or generarizations from a hospital-based study because

diseases have different probabilities of leading to care. As a result, spurious

disease associations could be made in such settings. where the results are

not generalized beyond the target population of hospital (clinic) patients, the

issue is oflittle relevance (Sartwell 1924).

Therapeutic intervention bias may occur when cases are treated
differentially from controls during the study. It is important that the
investigator be blind to the subjects' outcome status during the study.
Diagnostic suspicion bias may resurt from the investigator's prior
knowledge of the subject's exposure status infruencing the diagnostic
process. where antecedent exposure to risk factors is determined
subsequent to case diagnosis, there is no concern. Non-resoondent bias may

occur when one group of individuals responds to a survey/participates

differently from the other group. For example, smokers may be less likely to
participate in telephone health history interviews. To protect against this
bias, the investigator should attempt to achieve at least an g\vo response

rate. Although there is no reason to believe that there would be a difference

between response rates among smokers who are cases vs smokers who are

controls, it is important to compare them (Sackett 1g79).

observation bias may result from errors in obtaining information
from study subjects. The subject's knowredge of hisrrer disease status can

influence how (s)he reports information. However, if the subject is unaware

of the purpose of the study and attention is not drawn to their periodontal

status, it is not likely that their responses would be influenced. The

examiner may record interview data with bias if he is aware of the
exposure or disease status of the subject (shortell and Richardson 19zg).

Interviewer bias may also occur if differences in interview intensity exist

between cases and controls. Brinding interviewers to outcome status
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reduces this problem. Measurement and information bias are reduced in
retrospective studies by using a structured, pre-tested questionnaire and

blind, calibrated, and trained interviewers (Sartwell 1974).

Recall bias may occur if the recall of cases vs controls differs in
amount or accuracy. There is nothing about having periodontitis that
would prompt cases to recall their exposures differently from controls.

Indeed, many cases/cont¡ols will be unaware of their periodontal status or

make any association with it and the exposure of interest (sackett lgzg).

Accuracy of medication histories obtained through retrospective

studies may suffer from problems related to recal. However, several

retrospective and cohort studies have found that there was strong

agreement between prescriber records and patient reports on information

such as: whether oral contraceptive or climacteric estrogen had ever been

used (897o agreement), the name ofthe medication (gîVo), dosage (gg7o), and

total duration of drug intake (BSVa) (Glass et al 197 4; persson et al 19gT).

others have found that the name of the most recent oral contraceptives was

remembered adequately (8gvo) bú that the name of previous oral
contraceptives was less well recalled (68Zo) (stolley et al 19zg). studies have

found a deterioration of recall with time (Glass et al lg7 4; stolley et aI 197g;

Persson et aI 1987). Some studies were limited by small sample size, others

by including only women of high sES who were strongly motivated toward

family planning. These flaws challenge the generalizability of the results to

other populations or to other medications (Glass et al lg74). Most studies

dealt with a relatively short duration of recall which is of concern when

attempting to apply the results to studies of life-time exposure to

medications.

Although complete and accurate recollection and reporting of
medications appears to diminish with time and lessening degrees of
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salience (Norman 1986), bias due to recall is minimized where the

medications of interest are of a salient nature, i.e., medications for
significant health conditions such as diabetes and heart disease. In
addition, bias is not likely since there is no reason to believe recall of

medications will differ between cases and controls.

To address recall bias, the investigator could obtain supplementary

information regarding antecedent exposures using alternate methods. For
example, in addition to an interview, pre-existing medical records could be

reviewed to determine exposure. since these records were obtained prior to
patient diagnosis, they could not have been influenced by the outcome status
(Hennekens and Buring 1987). RecaII bias may occur when medical records

or interviews used in case-control studies are unreliable/invalid due to
memory loss, confusion or effort to please interviewer. where variables of
interest are clear and common (e.g. history of ever smoking) or when an

exposure is signifrcant (e.g. diabetes) there is less concern for memory bias.

Telephone interviews are often less affected by socially sensitive questions

than in-person interview (Schlesselman 19g2; Kidder and Judd 19g6).

Recall bias may affect the study,s ability to detect underlying
associations particularly when there is a difference between cases and

controls regarding their prospensity of recall bias. If one group's memory

is better than the other's or if one group is less likely to respond or respond

correctly to questions on an interview, the internal validity of the study is

threatened. There is no reason to believe that cases would behave any

differently than controls in this matter.

Recall bias may be assessed by re,testing a random sample of
subjects within two weeks to determine whether respondents provide the

same answers to the questions at both interviews. This procedure measures
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consistency of recall and reliability of the questionnaire and interviewers.
(Schlesselman 1982).

Validity of the intervie.\,v may be tested by obtaining confirmatory

information regarding exposures from supplementar sources such as the

dental chart and comparing this to the telephone interview responses

(Schlesselman 1982).

Prevarication bias may occur if subjects have urterior motives for
over/underestimating exposures. There is no reason to believe that cases

and controls would differ in this respect. Another type of bias is
misclassification bias in which errors are made in the categorization of
exposure status. Random misclassification is difficult to avoid and it
results in an underestimate of effect. However, non_random

misclassifications threatens internal validity and must be avoided.

Accuracy or completeness of information must not differ between cases and

controls as it could result in an underestimate or exaggeration of effect
(Hennekens and Buring 1g8z). Misclassification bias may also occur if a

subject's disease status is subject to error. odds ratio estimates will be

biased as a result of misclassification. They may either over or

underestimate the association between exposure and disease.

Measurement error may be minimized by restricting cases and controls to
those individuals who have undergone identical diagnostic examinations

using the same clinical tests and by using the most critical diagnostic

criterion (Schlesselman 1982).

other Biases - Inadequate sampre size is another source of error
which biases the study toward accepting the null hypothesis of no

association (schlesselman 1g82). Ensuring that the study has ample

subjects and a high response rate remedies this problem. consideration
also must be given to the role of confounding (Hennekens and Buring lggz).
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confounding variables can cause or prevent the outcome of interest thus

distorting the effect of the variable under investigation (Last 19gg).

confounding can be controlled in a number of ways. one way is to select

controls who have the same characteristics as the cases, except for the
exposure under study' For example, since periodontitis is highry correrated

with age (Burt 1994), matching or stratifying cases and controls by age

accounts for the confounding effect of age. unfortunately, once "matched,,

on age, the study can not examine the effect of age on the disease. Multipie
regression is a statistical method used to control for confounders such as

age (Sartwell 1974; Rothman 1986; Kelsey et al 19g6).

In retrospective studies of murtipre risk factors, the potential number

of associations which may arise are numerous. There is a good chance that
when applied to many associations, statistical tests wiII produce a type I
error, i.e., finding an association when none actually exists. Conservative

Ievels of significance testing should be considered. However, since the
retrospective study is looking for leads, not proof, and since the credibility of
the results of such observational studies are assessed. for their
plausibility/consistency with other sources of evidence, there is less concern

over multiple signifrcance testing (Mantel and Haenszel 195g).

5.4 CONCLUSIONS

While most authors recognize that there are strengths and

limitations inherent in both case-control and cohort study designs (Mantel

and Haenszel 1959; sartwell 1974; Rothman 19g6; Hennekens and Buring
1987), most suggest that, in the absence of an experiment, a well_designed

cohort study is an extremely valuable strategy to obtain a valid estimate of
the association between an exposure and disease (sackett 19zg; Hennekens

and Buring 1987). It must be recognized however that prospective cohort
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studies must also deal with challenges of bias, confounding, and

appropriate controls. Although often stressed that "retrospective studies

cannot prove causation" the implication that observational cohort studies

can do so is false. such proof is only possibre through well-designed

experimental studies (Mantel and Haenszel 1959; sartwell lg74; sackett
1979; Hennekens and Buring 1982).

The ultimate choice of study design for the current study was ,,case

control" based on: 1) the hypotheses being tested; 2) the resources available;

and 3) the current state of knowredge. The case-contror method allowed a
sufflrcient number of patients with periodontitis to be identifred readily. It
allowed testing of multiple risk indicators, markers, and determinants.

since there is little scientific evidence to support several of the variables of
interest (e.g. ischemic heart disease), a hypothesis-forming study is
appropriate. The selected design also permitted use of available secondary

data from clinical records while incorporating an additional methodology,

telephone interviews.

The limitations of the case-control design are recognized. The

fundamental limitation is that causality may not be proven since

temporality can not be frrmly established.
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CTIAPIERSD(

ËTrDrDESIqN

6.0 IT{TR,ODUCTION

A case-control study incorporating a blind telephone-interview was

designed to identify individuals with a history of moderate to advanced

periodontitis (cases) and those without (controls) and to compare each

group's exposure to a number of variables including: health
compromising/enhancing behaviors, history of chronic diseases/

conditions, use of speciflrc prescription medications, sociodemographic

variables, as well as oraU dental frndings.

6.1 STT]DY SETTING AND TARGET POPUI,ATION

The University of Manitoba, Faculty of Dentistry (FOD) opsr¿1ss .
teaching-clinic at the Bannatyne campus, located at the Health sciences

centre in downtown winnipeg, Manitoba, canada. The primary function of
the dental clinic is to provide a facility for clinical teaching opportunities

and experience for undergraduate students in dentistry and dental
hygiene. undergraduate students provide community dental services to the

general public. Fees for dental care during the study period were

approximately one-third of the Manitoba Dental Association,s

Recommended Fee Guide (cleghorn 1gg4). The demographic profiIe of the

patients attending the clinic is uncertain. It is believed that the
unemployed, retired and,/or those from lower socioeconomic groups may be

attracted to the FOD because of reduced fees.

The target population of the current study was identified from
patients who sought dental care at the FoD clinic over the period January

1991 - June 1994.
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Patients who sought care at the clinic received a cursory medical and

dental screening examination and subsequently were assigned to
undergraduate students. The patients then received a complete dental and
periodontal examination and appropriate treatment under the supervision
of qualifred instructors.

6.1.1 Inclusion Criteria

The study's target population (n = 687) included all dentulous

individuals (minimum of one tooth) aged > s5 years who had received a

periodontal examination at the dental teaching clinic, Faculty of Dentistry,
University of Manitoba during the period January 1991 _ June 1994.

6.1.2 Exclusion Criteria

Individuals excluded from the study were those who, during the
period January 1991 - June 1g94: were under 85 years of age at the time of
their periodontal examination, were edentulous or did not have a
periodontal examination during the specified period.

Excluded from the target population were patients whose treatment
needs were too complex or unsuitable for the undergraduate teaching
program i.e., not accepted for care. These individuals included those whose

treatment needs were beyond the level of training achieved by the students

or those whose work or family commitments would make them unavailable

for numerous, lengthy appointments. patients who were accepted for
'Iimited treatment' and assigned excrusivery to programs in undergraduate

restorative dentistry or to the graduate programs in oral surgery or
periodontics were not considered part of the target population. Those

patients who were assigned exclusively to pedodontics, orthodontics or

complete prosthodontics were also excluded from the target population. The
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rationale for excluding the aforementioned individuals included:
inappropriate age (< 35 years), edentulous, or incompìete/inconsistent

periodontal records.

Approximately 1,815 individuals received a screening examination

during each full year and 90? in the remaining half year of the current
study [(1,815 x 3) + (907)] = 6,352. Of these, approximately ISVa (n = 958) each

year were former FoD patients undergoing a re-screening. out, of everyone

screened each year, it was estimated that 20Vo (n = 1,2?0) were not accepted

for treatment and another 2vo (n = 127) werc accepted for limited treatment
(cleghorn 1994). This would result in approximat ery 4,002 patients accepted

for treatment over the study period (6,852 - 2,880 = 4,002). However the 4,002

individuals included patients younger than 85 yearc (-E[va) and others who

do not meet the study's inclusion criteria including the edentulou s (-4vo),

those referred to graduate programs in orthodontics, oral surgery and

periodontics (-15vo) and recall patients who did not have their initial
periodontal examination during the study period (-rrvo). The latter group

constituted the largest subpopulation. These individuals were recall
patients i.e., patients who had attended the FOD for many years. Such

individuals were excluded because their initial exam could have been from

four to twenty years earlier when examination philosophy and clinical
recording procedures differed from those of the study period. They were

also excluded because their recall exposures may have differed from those

examined during the past three and a half years. Due to the exclusion of
Iarge subgroups of individuals, it should be noted that the results of the

study are not to be generalized beyond the target population (n = e37;. tn"
process of subject selection is outlined in Table 6.1.
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62 SAMPI,.E SIæ AND STTJDY POWER

The simultaneous association of up to eight explanatory variables

with the history of moderate to advanced periodontitis was investigated. The

minimum required sample size was n = 140 cases and 140 controls.

Number cruncher statistical system's power Analysis and sample size

Package (Ncss-PASS) was used to calculate minimum sample size (Hsieh

l-989). There was adequate power (80%) to detect an odds ratio (OR) of > 2.0

when the prevalence of any explanatory variable was >l2Vo. Where the

prevalence of an exposure was not at least r2vo, tir.e exposure was included

as part of a multi-risk variable, e.g. use of one or more study medications.

Sample size calculations considered: The prevalence of cigarette

smoking in Canada in 1992 was B\Va (Stachenko et al 1992). An estimated

\vo of canadians have diabetes mellitus wíti^ r2va of those aged 55 - 74 years

affected (Reeder et ar 1992). A recent study in Manitoba suggests the

prevalence of diabetes to be gVa among 35 - 64 year olds and !1Vo among

those > 65 years of age (Gelskey et al 1991). Among Canadian adults, the

prevalence of hypertension (diastolic blood pressure > 90 mm Hg or

undergoing treatment) is approximately LEVo (Joffres et al 1g92). The

prevalence of hypertension among adult Manitobans has been shown to be

LTVa (GeIskey et al 1991). In the United States, TEVo of those aged > 65 years

report to take at least one prescription medication. Of these, the mean

number of medications per individual was 14 (NCHSR 19g2) cardiovascular

medications and hormones are among the top ten categories of prescribed

medications (Blackmore 1994). rt was anticipated that the prevalence of

chronic diseases and conditions would be somewhat higher in the study

population because it was assumed that they were from a low SES.

The response rate for the telephone interwiew was anticipated to be at

least Tovo due to the pre-study letter of endorsement sent to potential
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TABLE 6.1 Subject selection prlocess

Screening at Faculty of Dentistry
January 1991 - Junê 1994

n = 6,352

158 rê-screened
n = qS3

- ZOZ na' accepted
for treatmeri.t

2E limited treatment
11 = l2'7

n = 4,AAZ ( 35 Years (S4E)

Edentulous (4ß)
Graduale C]Ínics (15Ã)

Recali Patients (no Np
Periodontal Exam) (1lE)

TARGET POPULATION
Met Study Inctusion Criteria

n = 637
(16Ë of 4,o0 2)

CONTROLS
n = 205

(AIl avaitable)

a À q!'q

Advanced Periodontilis

(AlI available)

Llì.).!-J
Moderate PeriodontitÍs

n=124
(Random sample from

351 available)
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subjects by the Faculty of Dentistry (Appendix 6a). Based on this estimate of
307o non-response and the required minimum sampre size (r40/r40) 2o4
cases and 205 controls were selected. one case was eliminated because the
account had been sent to ,.collection,,.

6.3 SAMPLTNGFRAME

The sampling frame included all adult patients (aged > 35 years) who

had been accepted for treatment in the undergraduate dentar clinic and had
received a periodontal examination and diagnosis during the study period.

6.4 THEDEPENDMTTVARIABLE:

Information on the dependent variable was obtained from existing
clinical and radiographic records by means of a chart review conducted by
the Principle Investigator. The study's dependent variable was the binary
status of the patients' periodontal history, i.e., case vs control.

Selection of Confuols:

Using the Faculty's computerized patient data base and its
designated periodontal classification system, contror patients were
retrieved by a computer specialist from Clinic Administration using an ,in_

house' patient retrieval program designed to identify patients who met the

study's inclusion criteria.

Although the initial intention was to obtain only subjects from the
most recent academic year (1g98 - g4), it was necessary to broaden the time-
frame to a three and one-halfyear period, January 19g1 - June 1g94 in order
to obtain a suffrcient number of control patients (7gg4 = 4g; L99B = 56; rgg2 =
43; 1991 = 58)' The limited number of control patients in the sampling frame

is believed to be related to Faculty-imposed student requirements to treat
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more complex patients as weII as to the study's age restriction > 85 years.

The age restriction was made since the effects of periodontitis are not
generally seen until after age 35 years (Suzuki lggg).

Adequate numbers of controls (n = 205) were obtained by incruding
patients examined during the previous three and one_half years i.e.,

January 1991 - June 1994. Alt class 201, 2oz,7or and 702 patients were

selected as the cont¡oì subjects. The distribution of controls by year of
periodontal exam is presented in Table 6.2.

TABLE 6.2 Target population. Distribution of controls and cases by year of
perio examination

01'" & O2's (total) seleqted 
. 

combind (X's and 
,"

1991

T9gz

1993

7W4 ß
TOTAL 205

L7 91 30 47

tzs WL
Distribution of Target population of Controls ând Cases

Controls: Classes 01, 02 = healthy, gingivitis or slight periodontitis.
Case: C.lasses 03, 04 = moderate - aãva-nced periodðntiiis.
A-lI available controls were recruited from eäch year.
All available Class 04 cases \r/ere recruited from- each year.
A random selection of Class 0B cases (n = 128) were sêIected from the total
available (n = 351).

Selection of Cases:

cases were retrieved from the same three and one-half year period as

were controls. In order to maximize the chance of finding differences

between cases and controls, all eighty one (n = g1) identified class 204,704
(advanced periodontitis) patients were selected for the study. The

remainder of the one hundred twenty three (n = 124) cases were serected

53

50

&

35

%
30

18

n
2t

35181

86

81

93

58

43

56
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randomly from the three hund¡ed frÍty one (n = 351; class 208/T0B patients in
the data base using sequential selection with a random start.

6.4,1 Case Definition

For the purposes of the current study, "cases" were identifred initialy
from the FOD computerized patient data base for the period under
investigation (January 1gg1 - June 1g94). The data base contained the
periodontal classifrcation (diagnosis) for each patient as determined at the

clinical periodontal examination. The FoD's periodontal classifrcations T0B

and 203 were indicative of moderate periodontitis and classes 704 and 204

were indicative of advanced periodontitis.

For the purposes of the current study, cases v¡ere subsequently

deflrned using the following criteria:

Criterion A,:

Criterion B:

Criterion C:

CriterionD

Criterion E:

Criterion F:

> 2 teeth with > 5 mm probing depth (pD)

> 1 teeth with > 7 mm probing depth (pD)

> 1 teeth with > 3 mm distance from cemento-enamel
junction (CEJ) to the alveolar crest AC) radiographically

the periodontal classification established at the initial
periodontal exam and subsequently obtained from the
computerized patient data base (clasies 01, 02, 09, 04)

same as D except that classes 01 and 02 were combined
into controls and classes 0B and 04 combined into cases

individuals who met Criterion B or C.

6.4.2 ContuolDefinition

Peiiodontal classifrcation i.e., classes 201 and 201 were indicative of
gingivitis while classes 702 and 202 were indicative of slight periodontitis.

controls included individuals who were periodontally healthy as evidenced
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by absence of clinical inflammation and pD < B mm or by gingivitis and./or

PD < 4 mm or by < 3 mm distance from the CEJ to AC radiographically.

6.5 INDEPENDEIITVARJABLES: METHODSOFDATACOLIÆCTTON

6.5.1 ChartReview

Information on the following independent variables was obtained

from a review of the dentaVmedical charts in the FOD:

' Age
o Plaque scoreo Bleeding score. # teeth
. Regularityofdentalappointments
o Clinical blood pressure reading (SBp, DBp)

A review of dental records for each subject was conducted by the pI
with the following information retrieved, photocopied, and entered into
Lotus 1-2-3 spreadsheet and NCSS for subsequent analysis:

1. Chart number, date of birth, date of periodontal exam.

2. original periodontal diagnosis as determined at the initial
periodontal examination.

3. Date of co_rresponding bite-wing radiographs (BWX) or arternative
type of ra_diograph whe^re necessary. Raãiographs were 

"ub""qrrerrtlyanalyzed for evidence of bone loss.

4. Address and phone number(s).

5. Medical history forms which were obtained from the patient at the
time of the initial periodontal examination (Appendix 6Ë).

6. Dental and period_ontal history as recorded including: # teeth
présent; # teeth with > 5 mm pD; # teeth with > Z mm põ, status ofCriteria NB/C/D/E/F; plaque and bleeding score. pláq"e á.rd
bleeding scores were calcurãted by the pI aäd included árr t"utt
present. Prior to the study, it was determined that if the record was
not avaiìable, that the students, calculated plaque and bleeding scorewould be used. Where neither was availäble, but u .r7ritt".,
description was used, a percentage would be assigned ¡u""¿ o" tÀã
following:
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25Vo = " slig11¡¡ight/minimal plaque/gingivitis,,

50Vo = "moderatel generalized plaque/gingivitis,,

100Vo = "heavy/extensive plaque/gingivitis,,

6.5.2 RadiographicAnalysis

6.5.2.1 DentÍst Cal.i.bruÍìon

Radiographic evidence of alveolar bone loss was assessed by an
experienced independent dentist, blind to the clinicar periodontal diagnosis

of each subject. Prior to the study, the dentist participated in two
calibration/standardization sessions with the principal Investigator (pI).
In the frrst session, the study protocor for BWX films was appried while the
second session focused on the protocol for periapical (pA) and panoramic
(PAN) radiographs. Bite-wing radiographs provided a view of the tooth
crown's alveolar crest and interproximal area in posterior teeth. periapicar

radiographs provided a view of an entire tooth and its periodontar
supporting structures. panoramic radiographs provided an overall, but
less detailed view, of the entire dentition. Each calibration session involved
assessment of a random selection of 20 patients, radiographs. The
radiograph selected for caribration were randomry selected by the pI from
radiographs processed at the FOD in 1gg0. All patients had previously
attended the undergraduate crinic but were not potentiar participants in the
current study. An equal number of patients had radiographic evidence of >
3 mm bone loss on ¿ 1 surface ofa study tooth as those who did not.

Each radiograph was assessed independentry by both the dentist and
PI. The periodontal status (case/control) of only r/40 patients was classified

differently by the two investigators. Differences in interpretation were

discussed and the radiographic study protocols and forms crarifred where
necessary.

a

a
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6.5.2.2 Study Condítians utd Radìogftrphír Equípment

All radiographs were read by the same dentist using consistently

controlled lighting conditions and equipment.

An Idealite view box, Richard Manufacturing Co., Van Nuys,
california was used with no image magnifrcation. A Mars Masterbow

engineer's compass, model 5bl-OOWp by Staedtler Co., Germany was set at
3 mm using a Mitutoyo Venier Caliper reading of B mm. The compass was

locked into position by cold-solder. The compass setting was checked for
calibration prior to each session of assessment. No change to the fixed
reference distance was detected during the study.

Unmounted radiographs were placed in position on the viewbox.

Measurements were made by placing one end of the compass on the cEJ
i.e., the landmark where the outer edge of the enamel of the crown

intersects the outer edge of the dentin of the root. The other end was placed

adjacent to the root surface at the Alveolar crest (AC) i.e., the most coronal

point of bone adjacent to the tooth surface where the periodontal ligament

space has a uniform width. If the distance between the cEJ and AC

exceeded the span of the two compass points, the surface was labered as

having bone loss greater than 3 mm. If two radiographs of the same tooth

surface were available, the one with the more distinct landmarks was used.

When in doubt, a surface was recorded as normal.

6.5.2.3 Rø.díngrøphic Assessm.ent ptntocols

Radiographic assessment protocols for BWX and for pA,/pAN frlms
(Appendix 6c) were clearly documented and followed strictly. Assessment

included determination of whether there was presence of > s mm distance

between cEJ and AC on the mesial or distal of the second bicuspid or f,rrst

or second molar in any quadrant.
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Individual surface evaluation: For each surface of the study teeth, one of
the following codes was entered: "x" when the tooth was missing or
partially erupted; "?" when the surface was unreadable, whether due to
overlapping image; cone-cut; CEJ or AC obscurement by
c aries/re s toration/etc.; or improper film placement, exposure or

' processing; "+" when the two compass points were exceeded by the distance

between the cEJ and AC; "-" when the distance between the cEJ and Ac
did not exceed the distance between the two compass points.

overall Diagnosis: Based on the findings from the individual surface
evaluation, "yes" was circred if a surface of any study teeth had evidence of a

distance greater than B mm between the cEJ and AC i.e., a distance
greater than the distance between the two compass points. ,,No', was circled
if the distance between the cEJ and AC was equar to or less than the
distance between the two points on the compass for alr tooth surfaces under
study. If an overall diagnosis could not be made due to unreadable frlms
"unreadable" was circled.

6.5.2.4 Radiograph TSpes Assessed

Where available, BWX radiographs were assessed. When the
subjects' chart contained no BWX, periapical (pA) radiographs were used,

sometimes in combination with a panoramic (pAN) radiographs.
Whenever the case/control status was determined using a pA or pAN. it
was indicated on the assessment form.

completion of BWX assessment occurred for a subjects who had

these flrlms prior to the dentist's assessment of pA or pAN radiographs.
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This strategy was used to minimize confusion between radiograph_type

assessment protocols.

AII radiographs inciuded in the study, arthough produced by various

clinicians, were exposed and processed at the Facurty of Dentistry under
the supervision of the same radiographic staff using consistent equipment

and recommended exposure times for all techniques (Appendix 6d).

6.5.2.5 Intra.ktter Bclíø.bilíty And. Radinguph þpe Relíabílity

A random selection of all radiographs types (15 BWX and eight
PA/PAN) was made during the study assessment sessions. Re-assessment

of all types of radiograph was done for both cases and controls. The

radiographs were re-assessed by the same dentist to determine intra-rater
reliability. The dentist was blind to the fact that he had read the
radiographs one week earlier. Kappa statistic was used f,o anaryze the data.

The results are reported in Chapter Eight.

To determine the reliability of pAs and pANs when compared to
BWX radiographs, 13 patient charts were randomry selected from patients

whose BWX had already been read. The blinded dentist subsequentry

classified subjects based on their pA,/pAN radiographs. comparison was

made between the radiograph-type assessments regarding ability to

similarly categoríze the case/control status. Results are reported in
Chapter Eight.

6,5.2.6 Choice Of Teetl4 Surføces, Rad.íogrøph þpe,And Distuæe

Decisions to include the mesiar and distar surfaces of the second

premolar and frrst and second molars in all quadrants and to use the
measurement of > 3 mm distance between the cemento-enamel junction

and alveolar crest to represent a history of periodontitis and to examine
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BWX radiographs (when available) are based on the results of previous

studies. The details ofthese studies are critiqued in Chapter Seven.

6.5,3 Telephone l¡rterwiew

6.5.3.1 Inte n:iew De sign

A structured telephone interview (Appendix 6e) was used to identify
to which antecedent risk indicators cases and controls had been exposed.

The independent variables assessed were:

I. Behavioral Variables including frequency of toothbrushing and

flossing and history of cigarette smoking.

II. chronic Diseases and conditions including history of diabetes,

hypertension, or ischemic heart disease (myocardial infarction,
angina pectoris, and arterio/atherosclerosis)

III. use of specific Medications including dilantin/phenytoin,
nifedipine/Adalat, cyclosporin, and estrogen/progesterone. Use of
anti-inflammatory medications \ryas also assessed.

IV. Socioeconomic Factors including income, education, occupation and

marital status. The questions on occupation and income were taken

from the Manitoba Heart Health Survey (young et aI 1991).

6.5.3.2 Inte n: ie us e r Tløíning

There were three interviewers involved in the study which included

the Principal Investigator (PI) and two students in their second year of
dental hygiene school. An Interviewer Training Manuar (available on

request from PI) was developed by the pI to train and standardize all
interviewers. The interviewers \¡r'ere blind to the case-control status of the

subjects at the time of the interview. Beginning on November g, 1g94, three
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interviewer training periods of approximatery one and one half hours each

were conducted.

6.5.3.3 Pre-Testíng The Interaíew

The questionnaire was pre-tested between November 16 _ 1g, 1gg4,

among nine patients currentiy receiving care at the FoD but not selected for
the study. An attempt was made to include both genders, a range of ages,

individuals who demonstrated difflrcurty with the English language, and
patients both with and without complex general and periodontal conditions.

Each interviewer acted as the primary interviewer of three
individuals while the other two interviewers listened-in on the interview
through a common line conference call. The respondent was informed
prior to the interview that three individuals would be listening to his/her
responses. AII three interviewers scored the questionnaire responses

independently. The PI subsequently reviewed the questionnaire forms.

Each question was assessed to determine if it failed to be scored identically
by all interviewers. For those questions which were scored differently, one

of the following actions was taken. Either a minor change was made to the
question in order to clarify the intent of the question or a ,prompt, was

inserted into the questionnaire adjacent to the question. No major changes

to the questionnaire were indicated.

6.5.3.4 Interuíeus Process

Subjects (n = 469¡ were assigned randomly to the three blind
interviewers. subjects had previously been listed numerically by patient
chart number on 46 pages, each page containing approximately nine
subjects. The date of the periodontal examination was written adjacent to
each subjects' name. No information as to the case-control status was
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available to the interviewers. unequal distribution of subjects to the three

interviewers was anticipated due to undergraduate student time
constraints. The PI anticipated carrying out b0 - 75 percent of the
interviews.

Debriefing sessions were herd with the interviewers after
approximately a dozen interviews had been conducted by each interviewer
and again at weekly intervals for three weeks during the interview process.

Following each debrieflrng session, the principar investigator went through
the completed questionnaires to ensure that all data entry was complete

and accurate' Any discrepancies were discussed with the interviewers.

cross-references were made by the pI between the questionnaire and the

subjects' photocopied chart when necessary to reduce interviewer error.
The interviews were conducted between November lg, 1,gg4 and January 5,

1995, approximately seven weeks.

Each interview was rated by the interviewer on its quality. criteria
included: Respondent's understanding of questions; Respondent's recarl of
information; and The chance of getting the same response in two weeks. A
Lickert scale was used to rate the interview,s quality from 1 = low to 5 =
high' It was determin ed. a priori that any completed questionnaire that was

rated "Iow" (i.e., 1) or "below average,, (i.e., 2) question #I or #2 would be

eliminated from the study due to unreliability of the interview.

6.5.8.5 Inter-Røter Rclíabílity And Test-Re-Test Relí.abitíty

Within two weeks of the frrst interview, a number of subjects were re_

interviewed to determine the inter and intra-rater reliability. since the pI
completed the majority of the interviews, she re-interviewed 20 of her own

interviews' In addition, she re-interviewed frve each of the other two
interviewers' subjects. The other two interviewers each re-interviewed frve
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of the PI's interviews as welr. subjects who participated in the re-
interviewing process had been randomly serected by the pI from rists of
previously completed interviews. A¡ inter/intra-rater reliabil ity of g\va was
set a priori (Bergner and Rothman 1g87). Resurts are reported in chapter
Eight.

6.6 CONCORDANCEOFDIAGNOSTICCRITERIA

The most valid measure of a history of adult periodontitis is evidence

of periodontal attachment loss. The two most accepted methods of
determining attachment loss are clinical probing attachment loss and

radiographic evidence of alveolar bone loss. The later method was used. as

evidence of periodontal attachment loss in the current study but not the
former because the former measurements \4/ere unavailable. Radiographic

evidence of > 3 mm distance between the alveorar crest and cemento-enamel

junction was established as the gold standard and indicative of a history of
periodontitis, i.e., "case". The validity of periodontal measurements and

diagnostic criteria are discussed in Chapter Seven.

Agreement of other clinical criteria with the radiographic gold

standard was analyzed in an attempt to identify the optimum diagnostic

criterion or combination of criteria to employ in multivariate analyses.

contingency tables were used to calculate the sensitivity of the diagnostic

criterion, that is, the proportion of those with disease who were correctry

classifred by the test as having the disease; and specifrcity, that is, the
proportion of those who truly do not have the disease that were correctiy

classiflred by the test as not having it. Measurement of a binary outcome
(disease/not disease) is perfect only when both sensitivity and specifrcity are

700Vo (Kelsey et al 1986). Kappa statistíc and Z values were also calculated
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for each pair of diagnostic criteria. Diagnostic criteria were defrned in
Section 6.4.1.

criterion B was combined with criterion c to form new criterion F
which included individuals who had radiographic evidence of > Bmm bone

loss 'or' those who lacked radiographic evidence but had > 1 site with > Z

mm PD. This was done to maximize the number of cases. It was this
combined criterion (F), which demonstrated the greatest sensitivity (1002o)

and specifrcity (89Vo)K¿ppa 0.89, SE = 0.05,2 = 1?.9, p < 0.0001. Results are

reported in Table 6.3.

TABLE 6.3 Concordance of criteria
I. Radiographs ("gold standard") Criterion C (n = 359)

0u02/03/04
(Criterion D)
Case/cont¡ol
(Criterion E)

22sites25mm
(Crite¡ion A)

2lsite¿7mm
(Criterion B)

Combo Rad or 7
mm (Criterion F

C¡iterion D

Case/control
Criterion E

5 ¡nm Criterion A

7 mm Criterion B

37.6 + 31.2 = 68.8 16.8; 52J;G8€-

68.8

67 .7

36.6

100.0

68.8

68.8

89.0

89.0

0.375

0.363

0.25L

0.893

p < 0.02

p < 0.001

p < 0.02

p < 0.0001

p < 0.001

p < 0.001

p < 0.001

7 mm alone was not sensitive identifrng approximateÌy ré of cases. Two sites of > 5 mmPD identified about 70Va of cases. Radiografhs o¡ ? mm i¿entifrea iOOø 
"f 

;;;;;ä;
specificity indicated that only 112¿ of undiseàserl peopre were Ìabe ed as diseased.

Ï L Combination of radiographic evidence or > 7 mm pD (,,gotd
standard") Criterion F (n = 5eZ)

77.2

69.2

43.3

76.0

74.7

100,0

0.462

0.431

0.39
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6.6.1 Differences Between cases and controls: Based on six Diagrrostic
Criteria

The chi-square test (cross tabs) was carried out for each diagnostic

criterion against all independent variables. An ANovA and t-test were

used for the continuous variables.

The results indicated that there were variations in differences

obsewed between cases and control when the six criteria were examined.

Results are reported in Table 6.4. These results suggest that not arl criteria
were equivalent/redundant in their relationship to explanatory variables.

criteria did not appear to be proxies for one another. The frndings suggest

that criterion A is actually more closely related to gingivitis than
periodontitis since it provides no evidence of bone/attachment loss (Goodson

1990; Theil and Heany 1991). Criteria D and E are based on the existing

clinical diagnosis at the periodontal examination and may in fact fail to
consider þrevious bone loss. categorization of subjects based on these latter
criteria may also include patients for whom measurement of > 5mm

probing depth alone denoted periodontitis, while as stated previously, such

depth may be due to gingivitis and not periodontitis. The former situation

would result in an underestimation of cases, the latter, an overestimation.

Either would bias the results of the study by over/under estimating the risk
associated with particular variables (Table 6.4).

6.7 Ethical and Access Considerations

Ethical approval for the study was obtained from the Committee on

Research Involving Human subjects, Faculty of Dentistry in February 1gg4

(Appendix 6fl.

As to individual patient consent, a pre-interview letter of information

was sent on behalf ofthe PI by the Dean, FOD, to all potential subjects (n =



TABLE 6'4 Significant difference found between case and control according to explanatory variablesby diagnostic criteria

Variable

01 @ß04
.qge r¡r year€ NS p= 0.10continuous t_ test

,Hjï"" *.r" 
p<0.005 Ns p<0.02 p<0.02 p<0,02 x2=4.82,p<0.08

Má.rital NS NS p < 0.02 NS NS x2 = 5.85, p < 0.02partner vs single
fueþgroup NS p=0.9 p<0.0001 p<0.002 p<0.006 x2 = 48.91, p < 0.00135-54, 55-64, 2 65 ¡'r

#;HSH. p=010 p<004 p<00001 p<0.0005 p<0.006 x2 = Be.es, p < 0.0001

Education p=0.08 p<0.04 p<0.05 NS p=0.10 i2=514,p<0.02>gr12vsggr12

ffi*I?""" ".0.'. 
Ns Ns NS Ns NS x2 = 2.0, p = 0.16

rtstlîouo 
"" 

. sru,ooo NS NS Ns Ns Ns ,.2 = 1.56r p = 0.21

ff)lf"äîri"." NS NS p < 0.001 NS NS x2 = 13.07, p < 0.0003

Brushing NS NS NS NS too few i¡ cell xz = 0.04, p = 0.84>1/dayvs<lday
Flossing NS p < 0.05 NS NS NS x2 = 0.08, p = 0.?8¿ 1/day vs < 1/day

?;Jll"uJ"n" NS NS p < 0.01 NS Ns x2 = 4.68, p < 0.08

ilî;î:* 
p<001 p<0.02 p<0.02 p<0.001 p<0.004 x2=5.82,p<0.02

# CiglDay p<0.03 too few-values p=0.1 too fewvalues p < 0.002 (too few values) xz=5.52,p=0.150,I-1,7,72-25, >26 p < 0.06 p<0.001

å fitflïå, 
p<0.00? p=0.0e p<0.02 p< 0.0001 p<0.001 xz=B.oe,p=e.6s

5mm
C¡it A

7mm
Crit B

Radio
cnr c

c/c H&E
C¡ii D

01/02-03-04 H&E (CÌit E) Combo 7 mm or
Anova or Chi Square Radiograph (Crit F)



Cig index
0, 1-250,251-500, >500
Diabetes
no vs yes,rborderline
Diag Hypertens
no v5 yes
sBP > 140
no vs yes
DBP > 90
no vs yes
HBP Co¡¡bo

Any ischemic
no vs yes
Anti-inflammatory
IlO VS yes
Estrogen
no vs yes
Shess
No/sligbt vs mod,/severe
Plaque
o-33,34-66, >67EÕ
Plaqrue6T9o
< 67Ea vs >67Ea
Plaqae íUlo
< 507o vs >5Ùo/o
BOP
o-33,34-66, >6770
B,OP 67EO

< 671ø vs > 677o
BOPWO
< 50Vo vs > 50Vo

# t€eth
< 10 present 2 10 present

x2 = 77.76,
p < 0,0005
p < 0.03

p=0.10

P = 0.10

NS

xz = 3.92,
p < 0.05

NS

NS

NS

NS

p < 0.002

p < 0.001

x2 = 15.70
p < 0.0001
p < 0.001

p < 0.007

x2 = 20.73
p < 0-0001
p < 0.02

NS

NS

x2 = 14.60,
p < 0.002

P=01

NS

P = 0.09

NS

P = 0-19

NS

NS

NS

NS

p < 0.009

p < 0.002

x2 = 4-33
p < 0.04
p < 0.001

p < 0.0001

x2 = 18.11,
p <0.0001

NS

NS

NS

x2 =11.58,
p< 0.009
p < 0.05

p < 0.001

NS

NS

x2 = 7.72,
p < 0.008
p < 0.04

NS

NS

NS

p < 0.04

p < 0.02

x2 = 7.28
p < 0.007
p < 0.001

P = 0.07

x2 = 7.12,
p < 0.008

NS

NS

p < 0.0001

x2= 27.65,
p < 0.0001
p < 0.03

p < 0.005

p < 0.01

NS

x2 = 8.05,
p < 0.005

P= 0.10

NS

NS

NS

p < 0.02

p < 0.01

*2 = 5.57
p < 0.02
p < .0001

p < 0.0009

x2 = 77.95,
p < 0.005

P < 0.05

NS

p < 0.002

# t€€th
<20,>20
# teeih

p < 0.0003 (few cell values)

p = 0.10 (too few values)

p < 0.02

P=008

NS

p < 0.03

p < 0.05 (too few in cell)

NS

NS

NS

p< 0.001

p < 0.001 (too few in cell)

x2 = 28.67

p < 0.0001

too few values

p < 0.0001

p < 0.05 (too few values)

NS

p < 0-01<25,>25

x2=16.43,p<0.009

x2=2.6?, p=0.10

x2=6.40,p<0.01

x2=3.62,p=0,05

x2=I.33,p=0.24

x2=6.69,p<0-009

x2=3.97,p<0.05

x2=3.05,p=0.08

x2 =2.63,p=0.11

x2=7.I7,p=0.28

x2=9.30,p<0.009

x2=14.45,p<0.0001

x2=7.50,p<0.006

x2=21.9?,p<0.0001

x2=10.57,p<0.001

x2=10.91,p<0-001

x2=O.O7,p=O.79

\2=1.26,p=0.26

x2=27.64,p<0.0001
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409) (Appendix 6a). The letter described the study briefly, and that
participation, although encouraged, was voruntary. upon initial telephone
contact, a telephone script (Appendix 6g) was read by the interviewer to
each potential participant. The script reiterated the study goals and
obtained informed consent. When English was not understood,
arrangements were made within the respondent's family for interpretation
of consent issues as well as for the interview. only those who consented to
participate (n = 982, 98.4Vo) were interviewed.

All participants wishing a summary of the study's findings were told
that they would receive a report afber the completion of the thesis.

Access to the Faculty of Dentistry's patient Data Base was made

through consultation with the Dean of the Faculty of Dentistry and the
Faculty's Head of clinics and patient care. Retrieval of information from
the Patient Data Base and crinicar Records was facilitated by staff from the
Computer Department and the General Clinic.

6.8 STT]DYLWITATIONS

The case'control design of the current study presented limitations
due to its inability to establish temporarity. study resurts therefore suggest

associations rather than causes. However an attempt was made to manage

temporal requirements by formulating time-specifrc interview questions,

"Prior to 19-, did you ever . . .". Thus attempting to estabrish exposure to
variables antecedent to the subjects' date of periodontar examination and
diagnosis.

The response rate for the interview was adequate (gB.4Va) enhancing

external validity and generarizab ity of resurts to the target popuration.

However, results may not be generalized beyond the target population to the
general population. In fact, caution should be taken not to appry the resurts
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to everyone seeking care at the FoD. The reason being that 2ovo of those
undergoing screening exams are not accepted for treatment at the Faculty
and others were excluded from the study due to reasons such as

edentulism, being less than 85 years of age or being a FoD recalr patient.
These individuals are different from the target population in a number of
v¿ays' e.g' age, methods of diagnosis, extent of dental intervention, etc..

Use of secondary clinical data (plaque score, bleeding on probing,
probing depth, # teeth present) had limitations. The data were collected by
many different students over the study period. Although reriability of these

data is unknown, it was likely improved by consistency of clinical forms
and evaluation/confrrmation of diagnosis by teaching staff. unstandardized
radiographs are not as reliable as radiographs which are taken under
standardized conditions which ensure reproducibility of firm pracement,

angulation and exposure. However the latter were unavailable and may not
be practical in large epidemiologic studies. The advantages of incorporating
existing radiographic evidence of periodontar attachment loss (bone loss) in
the current study outweighs the disadvantage of using unstandardized
radiograph and use of three types of radiographs. The retrospective nature
of the study did not permit use of clinical attachment loss as the data was

unavailable. However, use of radiographic evidence plus conservative use of
PD (> Z mm PD) was believed to be an adequate proxy for CAJ_,.

Lack of well-constructed questions on the pre,existing medical
records precluded validation of many medical questions in the telephone
interview questionnaire. It was possible however to varidate several key
variables, age, gender and history of diabetes and hypertension. No attempt
was made to further validate medicar findings or use of medications
through consultations with subjects, physicians.
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use of diagnostic criterion F (i.e. > 1 surface with > 7 mm pD or
radiographic evidence > B mm distance between AC and cEJ) to define
cases could have systematically underestimated the number of cases. It is
possible that some individuars with Ap were not incruded as cases despite
the fact that they may have had two mm clinical attachment loss. Using a
cut-off of > 3 mm is consistent with other studies and attempts to account
for measurement error. The associated rimitation however is that the¡e
could be an underestimate ofthe risk associated with expranatory variabres,
i.e., an acceptance of the null hypothesis, type II error.

The effect of sociar desirab ity bias for the interview questions,
"frequency" of toothbrushing/,,f1os sing,, and ,,history of smoking,, is
unknown. over-reporting could have underestimated the risk associated
with infrequent preventive meâsures. Reca'bias courd have infruenced
reported exposure to less sarient variables. Key variables investigated were
likely salient to subjects. It is doubtfur that there was a systematic recal
bias between cases and controls, since neither would be expected to
over/under report these behaviors more than the other.

Another limitation of this study is that the risk indicators and
markers identified provide an historical record of periodontal breakdown.
The results may have no bearing on subjects' current or future periodontar
health Historical record of destruction was acceptabre since the purpose of
the study was to determine which variables were associated with a history
of periodontitis, not active or future disease.
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CIIAPIB,T

7.I VALIDITYAND RELIABILITY

7.1.1. \pesofvafidif
Validity is the extent to

purports to measure (Kelsey et

considered in the current study:

which an instrument measures what it
al 1986). Several types of validity were

1) FACE or LOGICAL VALIDITY is the extent to which a

measurement logically/obviously appears to be relevant. For example, the
date of birth recorded on a birth certifrcate provides a valid measure of age

(Abramson 1990). In the present study, radiographic evidence of bone loss

has face validity as a measure of a history of periodontar attachment loss.

2) CRITERION or OONCURRENT VALIDITy is rhe extent to which
measurements of the phenomenon under study correlate with an external
criterion, For example, a visual inspection of a wound for evidence of
infection could be validated against the external criterion, bacterioìogicar

examination (Last 1988). In the current study, concurrent criterion validity
was assessed through an analysis of the correlation between the study's
Diagnostic clinical criteria and the 'gold standard', radiographic bone

loss.

3) CONTENT VALIDITY is the extent to which measurement of a
composite variable includes assessment of arl of the relevant component

elements of that variable. For example, a measurement of functional hearth

status should include activities of daily living, occupational, family, and

social functioning, etc. (Last 1g88). rn the current study, .dental health
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compromising behavior' was assessed. by measuring toothbrushing and
flossing frequency as well as frequency of dental visiting and cigarette
sm oking.

Content validity for the phenomenon, ,history of periodontitis,, was

determined by a thorough review of the literature and in consultation with
"experts" (periodontists and an oral pathorogist) in the field. These sources

indicate that measurements relevant to a history of periodontitis include
plaque score (PS), bleeding on probing (BOp), probing depth (pD), and
clinical attachment loss or radiographic evidence of alveorar bone loss
(Machtei et al Lgg2). The current study assesses the relationship among

these measures and their association with a history of periodontitis.

4) CONSTRUCT or GONVERGENT VATIDITY is the extent to which a

measurement corresponds to theoretical concepts (constructs) concerning
the phenomenon under study. For example, if on theoretical grounds, the
phenomenon should change with age, a measurement with construct
validity would reflect such a change (Last 19gg; Abramson 1990).

The designated Diagnostic criteria and their expected correrates
were included in the study based on accepted theoretical concepts of their
relationship to a history of periodontitis. The construct of a history of
periodontitis has been represented or quantified by measurements of
periodontal attachment loss as weII as by probing depth (Clerehugh and
Lennon 1984; Griffiths et aI 1988; Machtei et at 1992).

Factors known to influence or be correlated with periodontitis such

as plaque, bleeding on probing, smoking, age, sex and income (papapanou

et aI 1988; Grbic et al 1991; Haffajee et al 1998) were also measured in the
current study. There are theoretical reasons for believing that plaque is
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correlated with income and evidence of such a correlation in the current
study could be taken as indirect evidence of construct validity. A¡r additional
test of construct validity invorves praque rever assessment to validate
questions on toothcleaning practices.

Results oftests of Validity are reported in Chapter Eight.

7.1.2 Reliâbility

Reliability is the extent to which an instrument produces the same

result when repeatedly applied to the same person under the same

circumstances (Kelsey et al 1g86). Reliab ity refers to the degree to which
the results obtained by a measurement procedure can be repricated by the
same or another examiner (Last lggg). In the present study, intra_rater or
test-re-test reliability was evaluated for the radiographic assessment of bone

loss, as well as for telephone interviews using Kappa statistic or Intracrass

Correlation Coeffrcients.

7.2 SECONDARYCLIMCALDOCI]MENTS

Among the signs of a history of periodontitis are clinical attachment
loss/level (CAL), radiographic evidence of bone loss, probing depth (pD),

bleeding on probing (BOp), and plaque. Some of these parameters are
related to a history of periodontitis by hypothesis primarily and have been

shown to be variable in their association with periodontal diseases (Haffajee

et aI 1993). Only two, attachment loss and bone loss, are consistently
associated with periodontitis. These two parameters describe and give

objective evidence of the destructive nature of periodontitis without relying
on a mechanistic hypothesis (Haffajee and socransky 1gg6; Goodson 1g90).

Abramson (1990) states that a good operational defrnition is one which is
phrased in observable facts. The observations of attachment ross and bone
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Ioss are hence automatically, ,by definition,, valid as measures of
periodontitis.

7.2. 1 Clinical Attachment Loss/Level

Vâfiditr

Clinical attachment loss is a measure, over time, of the change in
position of the clinical attachment level (Griffiths et al 19g8). Clinical
attachment loss is an objective indication of decreased tooth support.
clinical attachment level is the distance, as measured by a periodontar

probe, between the apical depth of the probe tip penetration and the
cemento-enamel junction (CEJ) or another permanent reference point
(Clerehugh and Lennon 1984; Griffrths et al 19gg).

The criterion validity of connective tissue attachment lever as a
measure of early periodontitis has been assessed previously among 5Z

subjects requiring tooth extraction. subsequent to clinical measurement of
clinical attachment level, teeth were extracted, stained, and the histologic

attachment level assessed. There were no signifrcant differences between

the mean clinical and laboratory measures of attachment on the buccar and

mesio-buccal surfaces indicating that cAL is a valid measure of histologic

connective tissue attachment loss (clerehugh and Lennon 19g4). Although
there were no differences between mean measurements, there may have

been differences between individual sites had they been analyzed. These

results are consistent with other histological studies which have shown the
difference between clinical and laboratory estimates of attachment loss

averaged less than 0.4 mm (Clerehugh and Lennon 19g4).

clinical attachment level appears to be directly related (criterion

validity) to periodontal destruction although some argue that indisputable
proof may only be obtained histologically, post factum. i.e., clinical
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measurements only 'estimate' histological attachment (Machtei et ar rgg2)
due to inherent measurement errors. Rerated errors are discussed in
Section 7.2.3.)

A history of periodontitis may be identified through a single crinicar

attachment level measurement. However, a single measurement provides

no information regarding the current periodontal disease status and may
not be indicative of future disease. Repeated measurements indicating a

change in CAL over time would be required for these purposes (Goodson

1990). For the purposes of the current study CAL refers to the single
measurement of clinical attachment ¡level' not to clinical attachment ,loss'.

The validity of ascribing buccar attachment ross to a history of
chronic periodontitis has been questioned. It has been suggested that in
studies of early periodontitis, measurement of cAL be restricted to
proximal surfaces since buccal loss of attachment > 1 mm has been

attributed not only to periodontitis, but also to vigorous toothbrushing habits
and associated apparent gingival recession (clerehugh et aI lggg). In
studies involving moderate-advanced periodontitis however, buccal
measurements are more meaningful (Clerehuh and Lennon 19g4).

Refiabilitr

Probing CAJ_, measurements are affected by many of the same errors

as are PD measurements (discussed in Section 7.2.8) in detecting the most
apical extent of the pocket. However, cAL measurements are more reliable
indicators of a history of periodontitis than pD because they incorporate the
permanent landmark of the CEJ (Griffrths et aI 19gg). Unfortunately,
measurement error may sometimes be introduced due to the diffrcurtv in
accurately locating the CEJ (Badersten et al 19g4).
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Measurement of CAL is associated with a relatively high error rate
when measurement is made with conventionar probes caribrated at 1 mm
intervals, SD = 0.82 - 1.16 mm (Haffajee et aI 19g3; Badersten et al 19g4); and
when a stent is used, sD = 0.67 - 0.78 (Aeppli et al 19g4; Badersten et ar. L9g4).

when standardized probing forces arone are used, there is litfle effect on

variability but when higher resolution electronic instruments are used with
a fixed reference point, the standard deviations of differences are reduced to
0.2 - 0.3 mm (Jeffcoat et al 1986; Gibbs et aI 1988).

systematic measurement errors of cAL have been attributed to the
influence of other concurrent clinical findings. CAL was often
overestimated in the presence of gingivitis and underestimated in its
absence (clerehugh and Lennon 1gg4). These frndings could be rerated to
examiner bias or to probe penetration into connective tissue in the presence

of inflammation.

Summar¡r:

Idealiy, the current study would have incorporated CAJ_, as one of its
diagnostic criteria. However, due to the study,s retrospective nature, and
the unavailability of these measurements, existing data from clinical
records, PD and radiographs were used to determine subjects, history of
periodontitis.

7.2.2 Radiogr:aphic Evidence of Bone Loss

ValiditJ':

Alveolar bone loss is also considered a valid measure of a history
periodontitis because it is directly related to periodontal destruction,
hypothesis-free and objectively measured (Goodson 1gg0).

of

is
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while only repeated standardized radiographs are abre to determine
periodontal disease activity or progression, conventional radiographs
provide a history of alveolar bone destruction (Hirschmann 19g7).

Radiographs have been used in both crinical and epidemiological studies to
measure the prevalence of periodontitis. (Bjorn and Holmberg 1g66;

Blankenstein et aI 1gT8; Jenkins and Mason 1gg4; Ka estar and Matsson
1991).

7.2.2.1 Radiographic Criteria for Diagnosis of periodontitis

A number of different radiographic criteria have been suggested for
the diagnosis of periodontitis including: marginal widening of the
periodontal ligament; alveolar crestar irregurarity; or evidence of a distance
> 2 r:am/ > 3 mm between the CEJ and AC. It is only the latter criterion
which has gained general acceptance as having criterion validity (HuIr et aI
1975; Blankenstein et al 1gT8; Hirschmann 1gg7; Hausmann et al 19gI.
Caton 1993).

The other criteria are not accepted because: 1) the criticar width ofthe
periodontal ligament space indicative of periodontitis has not been

determined. It is known that the rigament varies on radiographs depending
on the radius of the circumference of the root as wel as on the degree of
occlusal trauma (Blankenstein et aI 19zg). 2) Irregurarity of arveorar crest is
not widely accepted as it has not been shown consistently to be a valid
indicator of attachment loss (Blankenstein et al 197g).

While a history of moderate to advanced periodontitis is generally
apparent radiographically, the diagnosis of sright/early periodontitis is
more challenging (Hausmann et ar 1g91; caton 19gs). some investigators
suggest that a distance of > 2 mm between the cEJ and AC warrants a

diagnosis of periodontitis (Hansen et al 1gg4; Gjermo et ar 79g4; Kaimenyi
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and Ashley 1988; Papapanou et aI 1991; Kallestal and Matsson 1991) while
others propose that the diagnosis is only warranted when there is evidence

of a distance of > 3 mm (Hurl et at r975; Blankenstein et ar Lg7 g; and Davies

et al 1978; Hausmann et ar 1991). These differences may be rerated to
inconclusive evidence regarding the optimum distance of the alveorar crest
in relation to the CEJ in health (Schei et al 1959; Stoner 1972).

A previous clinical study investigated the radiographic
measurement between the cEJ and AC among individuars in whom there
was no clinical loss of attachment. A range of 0.8 to 2.6 mm distance
between the CEJ and AC was detected using BWX radiographs in the
absence of any clinical attachment loss. The results suggest that a

conservative distance of > B mm between the cEJ and AC is the most valid
indicator of incipient/early periodontitis (Hausmann et al 1991).

Radiographs inherentry result in a conservative estimate of the
periodontal history since radiographs underestimate slight periodontitis
(Akesson et aI 19g2). underestimation occurs because: 1) radiographicalry,
all deviations from optimal beam angulations reduce the measurable
distance f¡om the cEJ to AC; 2) affected teeth,isurfaces may be excruded due
to difFrculties in identifying either the cEJ or AC; B) anterior teeth are often
excluded from radiographic studies; 4) a radiograph is a two_dimensional

image of a three-dimensional object, therefore the buccar and ringual bone

levels can not be easily assessed on BWX; 5) BV/x are unable to detect earry

bone loss occurring in the medulrary defect located in the crater-Iike area
between the buccal and lingual cortical plates, the site where bone

destruction frrst and most frequently manifests itself; 6) anatomical
variation among teeth may result in measurement error; Z) changes in
attachment level precedes radiographicarly evident crestal bone changes by
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about six months (Bender and seltzer 1g61; stoner 1g?2; Becker et al Lg79;

Goodson et aI 1984; Hirschmann 1987; Hausmann et aI 1991).

Despite the limitations of radiographs to determine periodontal
history, a study of the criterion validity of radiographs has shown that bone

loss on dry skulls when measured directry and radiographically resurt in
measurements that were the same or differed by only +/- 1 mm in gjvo of
the measurements (Stoner 1gT2).

7.2.2,2 Valldtff of Partial.Mouth Radiographs

Although full-mouth series of periapical radiographs (pAs) have

been used to assess the prevalence of periodontitis, partial_mouth
measurements are more common, especially for epidemiorogicar studies
(Davies et al 1978; Papapanou et al 1991; Kalrestal and Matsson 1991). The
choice of teeth in a partial-mouth assessment influences the internar and
external validity of the measurements. A study of the criterion validity and
reliability of a partial-mouth assessment found that bone loss
measurements from mandibular posterior areas were representative of
full-mouth bone-loss measurements. Mandiburar second premorars plus
any other mandibular posterior teeth were the optimal combination for an
abbreviated index (Shrout et al 19g0). Since these teeth are included in
standard bite-wing radiographs (BWX), it may be concluded that BWX
radiographs are representative of the individuals periodontal condition
and are appropriate for epidemiological studies.

Further support for the use of molars and premolars for
epidemiological studies comes from studies of adorescents, among whom

there was little evidence of periodontitis (0.06 - rLva), and when detected,

affected the maxillary flrrst molars most frequently. others have also found

that the majority of early lesions were confined to frrst molars (Hansen et al
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1984; Gjermo et al 1984; Kallestal and Matsson 1991). In addition, the
mandibular/molar region is the most reriable area of the mouth for
collection of radiographic bone loss measurements since these sites are not
subject to as much superimposition of anatomic structures and anguration

errors as the anterior area (Shrout et al 19g0).

Reliabilifua

Although radiographic measurement of bone ross suffers from row
sensitivity and high error levels (Goodson 1gg0), it is used to increase the
reliability of the periodontal examination (Ryan 19g5; polson and Goodson

1985; Griffrths et al 1988; Shrout et at 1990).

7.2.2.3 Relative RetÍability of Radiographic Techniques

Three radiographic techniques are used to diagnose periodontitis:
The bite-wing (BWX), the periapical (pA) and the panoramic x_ray (pAN).

BWX Radiographs:

The BWX technique aligns the long axis of the tooth parallel to the
film and directs the x-ray beam at a right angle to this plane. This BWX
alignment produces an accurate representation of the alveolar crest on the
radiograph with only slight magnification (Ramadan and Mitchell 1962).

The BWX is not as subject to anatomicar rimitations due to the hard palate

as periapical radiographs and thus deviates little from pararlelism (Reed

and Polson 1984). The BWX is able to indicate "true" bone loss with a

sensitivity of 1.00, initially and after two incremental 1 mm bone reductions

in cadavers (Hildebolt et al 1998).

BWXs are used to assess arveorar bone ross because they are reratively
inexpensive and effrcient and expose patients to less radiation (2 - 4 frlms)
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and discomfort than a full mouth pA series (16 - 1g radiographs). In
addition, BWX are often required for periodic assessment of other dental
conditions, such as caries and are therefore readily available for
periodontal evaluation (Gjermo et al 1gg4).

Conventional BWX radiographs are considered adequate for
periodontal disease surveys of adolescents with slight periodontitis as we]l
as for older populations experiencing moderate to severe periodontitis
(Blankenstein et aI 1978; selikowitz et ar 19g1; Gjermo et al 1984; Hansen et
al 1984; Kallestal and Matsson 1991).

Measurement errors which may occur with the use of BWX are:
improper film positioning, overlapping of teeth, incorrect vertical
angulation of x-ray beam, double image, cone-cutting, improper processing

and improper exposure. These errors however are not restricted to the BWX
technique and are also evident with pAs and pANs (Nysether and Hansen
1983).

PA's

Radiographic techniques are designed to provide an accurate
representation of the tooth and bone. However, when the validities of three
techniques were compared in their ability to estimate the actuar level of
alveolar bone during periodontal flap surgery, it was found that pAs were

signifrcantly more accurate than BWXs or pANs. BWXs were significantry
more accurate than PANs. There was an underestimation of bone loss of 11

- 23vo ttsing B\4/x, I - 20vo wít]' pAs and LB - BBva with pANs (Akesson et al
1992). PAs may be more accurate due to their more optimal intraoral fiIm
placement which results in ress overrapping of approximar surfaces often
evidenced on BWX and PANs.
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Radiographic survey results derived from pAs are not
interchangeable with those from BWXs. In fact, their results are not weII
correlated with one another when the same site is assessed using the two
different techniques. Differences may be due to variations in film
placement, patient cooperation or to x_ray beam angulation. In
assessments of crestal alveolar bone rever, BWX measurements showed

consistently greater loss than p[s in g4vo of site comparisons. The resurts
suggest that all studies should report the radiographic technique emproyed

and that studies using different methods should be compared with caution
(Reed and Polson 1984).

The routine use of a full-mouth survey of pAs has decreased due to
concern about exposure to excess radiation and a reduction in the
prevalence of rampant dental disease. Except in heavily-restored dentitions
or where bone loss is > 5 mm, the use of two BWX radiographs has been

shown to provide similar diagnostic information as eight pA frlms of the
premolar and molar teeth at abort 25vo the radiation exposure (walr et at
7979).

PAN

A PAN imparts aboú, BBVa the radiation exposure of a full_mouth
survey of PAs. It is also more convenient/comfortable for the patient and a
Iess time-consuming procedure for the technician. The pAN technique is a
satisfactory method for visualization of advanced bone loss but less so for
slight bone loss (Akesson et al 19g2). There is often a degradation of the
image and a loss of fine deta due to the use of intensifying screens. In
addition, critical landmarks such as the cEJ and AC are often obscured by
overlapping teeth or lack sufficient detail for diagnosis (wall et ar 1979).

Despite these limitations, direct measurement of the cEJ to AC on pANs
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has been shown to be an accurate and varid estimator of "true" bone loss

when compared to direct bone measurement during periodontal surgeïy
(Kaimenyi and Ashley 1988). Direct measurement of the CEJ to AC is a
more valid method of bone level than using the proportion of tooth with bone

support approach when employing pAN films (Kaimenyi and Ashley 19gg).

7.2.2.4 Reltability of l\flethods ofAlveolar Bone Loss Measurement

Various methods of estimating bone loss from radiographs have been

used. some express bone loss as a proportion of totar length of the tooth or of
the root length alone (Engelberger et al 1968; Bjorn and Holmberg 1966;

Goodson et aI 1984). schei (195g) used a rurer designed to alrow for a 1 mm
'normal' distance from the CEJ-AC to assess bone loss in terms of the
proportion ofthe tooth normarry surrounded by bone. others have evaluated

bone loss from radiographs and compared the distance from the CEJ-AC to

intraoral measurements and found that the two measurements differed by

1'04 mm with radiographs giving a rower estimate of bone loss than the
direct "open bone" measurements (suomi et ar 1g6g). Less difference (1.0

mm) was found when examining dried mandibles (stoner 1g72). The ratter
study however was conducted among young individuals (g _ 17 years) in
whom the prevalence and severity of periodontitis would have been

minimal.

Alveolar bone level has also been quantified using fixed reference

points such as the CEJ and the crest of the alveolar bone (AC). An
engineers compass or a transparent ruler has been used to make the
measurements. The compass has been used to evaluate the distance
between the cEJ and AC on BWX, pAs and pANs (Kaimenyi and Ashley
1988; Akesson ei aI 1992).
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SrrmrnarXz:

Although radiographic evidence of arveorar bone loss has been shown

to be associated with measurement errors, radiographs are able to
objectively indicate a history of periodontitis.

Based on the review of the radiographic literature, a number of
methodological decisions were made for the current study: 1) Radiographic

evidence of > 3 mm bone loss would be indicative of a history of Ap; 2)

Partial mouth assessment of bone loss including molars and second

premolars would be considered representative of the periodontar history of
the entire dentition; 3) Bwx radiographs would be used where available but
in order to minimize the number of subjects that would be excluded for lack
of BWX, PAs or PANs would be substituted. Records were made of the
number of subjects who had their periodontal status determined using each

method. Results are found in Chapter g; 4) Arr engineers compass with a
fixed reference points was used to evaruate each firm for the presence of > 3
mm bone loss.

7.2.3 ProbingDepth

Validity:

Probing depth (PD) is the distance between the free gingival margin
and the apical depth of the probe tip penetration (caton 1998; Isma and
Lewis 1993). Probing depth has been shown to be variable in its occurrence

with periodontitis and although it is hypothetically related (content validity)
to the disease, it is not considered an objective measure of destructive
periodontitis (Goodson 1990).

Measurement of attachment loss, based solely on pD, assumes that
there is a direct relationship between pD measurements and the actual
degree of attachment loss as represented by the area of root surface which
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has been denuded of periodontal ligament (Theil and Heany L991). studies

have shown that this relationship does not always exist. In fact, a single pD

measurement is at best, an indirect measure of an individual's history of
periodontal disease (Goodson et al IgB2) and may bear no relationship to

current disease status or to future disease risk (Griffiths et al lggg) for
reasons identifred in the following sections.

Related Measurement Enrors:

The criterion validity of PD to identifu connective tissue attachment

has been studied and reviewed extensively (Listgarten Lg72; van den velden

1978; van der Velden and DeVries 1978; Listgarten 19g0; van der Velden

1982; clerehugh and Lennon 1984; Griffrths et ar 19g8; Machtei et al L992;

Caton 1993.

PD as a measure of history of attachment level was investigated

using denuded root surfaces of 286 teeth in 41 dried human skulls. probe

readings were not a precise measure of attachment level, particularly in
areas of severe destruction (Theil and Heany 1991). However, lack of
precision may have been due partially to use of a linear measurement tool

i.e., the probe, to assess surface area attachment level.

Listgarten (1972) suggssted that a distinction be made between

"histological" and "clinical" pocket depth to differentiate between the depth

of the actual anatomic defect and the measurement recorded by the probe.

studies suggest that probing depth is not a valid indicator of clinical
attachment level because the probe may penetrate beyond the junctional

epithelium and 0.3 - 0.5 mm into the underlying connective tissue,
particularly in the presence of inflammation or increased probing
pressure. such penetration results in an overestimation of histologic pD

and true cAJ-,. In more healthy sulci and following periodontal treatment,



7M

the probe tip usually fails to reach the base of the junctional epithelium due

to the so-called "long" junctionar epitherium, thus underestimating cAL
(van der velden 1978; Listgarten 1980; Badersten et ar r9g4; porson and

Goodson 1985; Griffrths et al 1988).

systematic measurement error may also be introduced by the use of
improper probing sites or angulation as well as through inadequately

calibrated/standardized probes and examiners or by rounding
measurements up/down (van der velden lg7g; van der velden and Devries
1978; Listgarten 1980; Griffrths et aI lggg). such errors may systematicarly

result in either an over or underestimation of periodontitis.

Other related measurement errors associated with pD include:
ïncreased PD may result from edema or pseudopocketing, thus incorrectly

labeling gingivitis as periodontitis; increased pD may be masked by

concomitant gingival recession which tends to underestimate periodontitis
(Machtei et al 1992).

Longitudinal studies using repeated-measurements of pD are

necessary to identify disease actívity, progress and susceptibility. Single,

cross-sectional PD readings can, at best, indicate a history of periodontal

disease (Griffrths et al 1988).

ReliabilitJ':

Reliability of PD measurements has been studied. Differences

between duplicate recordings generally range from 2 - B mm, depending on

the examiners and on the periodontar condition. Deeper pD and proximal

surface recordings are less reproducible as are surfaces involving
inflammation (Badersten et al 1984). Inter-rater reliability of gSVo is often
only obtained when a wide range of pD (2 mm) is set (Ismail and Lewis

1993). However, PD may be reproduced within +/- 1.0 mm when pressure_
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sensitive probes are used vrith standardization stents (Badersten et al 1gg4).

These latter methods may not be practical for large epidemiological studies.

Sumrnary:

Although the validity and reliability of pD in the diagnosis of Ap are

suspect, a decision was made to incorporate existing records of pD > 5 mm

and PD > 7 mm in the current study, primar y due to unavailab ity of

clinical attachment level measurements. concordance of pD and other

Diagnostic criteria were assessed against the gold standard radiographic

evidence of attachment loss. Results are reported in Chapter Six.

7.2.4 PlaqueSæræs

Validity:

Bacterial plaque has been closely associated with the prevalence and

severity of periodontitis. To establish content and construct validity, any

study of the epidemiology of periodontal disease, whether descriptive,

analytic, or experimental, must take into account the presence/extent of
plaque (Machtei et aI 1992; Greene 1990).

Microbial plaque has been accepted as the primary etiologic agent in
periodontal diseases (Polson and Goodson 1g85). The microbial composition

of plaque varies among individuals, among sites within the same

individual, and the supragingival microflora is different from that found

subgingivally in periodontally involved sites (Socransky lg77).

There is overwhelming evidence that the direct cause of gingivitis is
t'he accumulation of microbial plaque on and near the cervical region of the

teeth (Löe et al 1965; Page 1986). Most gingivitis lesions are transient or

persistent and do not progress to periodontitis. However, since it is

impossible to determine which lesions will progress, efforts are taken to
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control and prevent gingivitis. The prevention of gingivitis requires

measuring, monitoring and controlling plaque.

Most measurements of supragingival plaque involve assessment of

the tooth surface area covered by plaque and/or plaque thickness (Greene

1990). The validity of two predominant plaque score systems is discussed.

1. The Plaque brde>c

The system which is most commonly used today for assessing plaque

in clinical trials or experimental epidemiology is the plaque Index
(Silness and Löe 1964). This index has been used to assess plaque

accumulation in a controlled clinical trial. The study demonstrated

that withdrawal of all measures of oral hygiene resulted in gross

accumulations of soft debris and the development of marginal

gingivitis within 21 days in all twelve subjects. The criterion validity
of the Plaque Index system to measure changes in plaque

accumulation was evidenced when concurrent bacteriological

examinations showed the number of microorganisms in the gingival

area increased and that distinct changes in the relative composition

of the flora occurred. Re-institution of oral hygiene resulted in
healthy gingivae and re-establishment of the original bacterial flora
(Clerehugh and Lennon 1g84). The Plaque Index is useful for clinical

trials and longitudinal studies because it is sensitive to small

changes. However the index criteria are somewhat subjective and it
requires well-trained and experienced examiners to obtaín reliable

data (Mandel 1974).

The Plaque Confuol Recorù

Proportional plaque measurement indices have also been used in
clinical and epidemiological studies (O'Leary et al Ig72; Greene 1990).

.)
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The O'Leary proportional plaque control record includes an

assessment of the presence/absence of adherent, disclosed plaque at

the gingival margin. Disclosing solution helps visualize plaque and,

when used along with an explorer, differentiates between the organic

pellicle (which is relatively free of bacteria) and bacterial plaque

(Mandel 1974). The number of surfaces which have evidence of

plaque serves as the numerator while the number of tooth surfaces

present serves as the denominator, resulting in a percentage of

available tooth surfaces with plaque (the plaque score). The validity of

this index as an indicator of a history of AP has not been reported.

However, it has been shown to be sensitive to small changes as it
measures the presence versus absence of plaque. It may be more

objective than the Plaque Index because the examiner does not rate

the amount of plaque, just its presence/absence. Less subjectivity of

an index is an advantage when multiple examiners are involved as

in the current study. It must be recognized that one cross-sectional

measure of plaque is not likely to be a valid indicator of lifetime

experience with AP, but rather a measure of perhaps transient oral

hygiene behavior and therefore an indicator of gingivitis.

ReliabilitS':

Most clinical measurements of plaque focus on supragingival

deposits since measurement of the quantity and quality of subgingival

bacterial plaque is plagued by logistical problems related to the handling of

anaerobic bacteria, and is clearly not feasible for large epidemiological

studies. Supragingival quantitative measurements of plaque however are

not intended to represent variations in the quantity or quality of subgingival
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plaque. The latter may be more relevant to crinical rather than
epidemiological studies.

Assessing the reproducibility of plaque indices is diffrcult since the
index generally involves the removal of a portion of the plaque as part of the

scoring technique. As a result, second evaluations tend to show lower

scores (Kingman et al 1991).

Summary:

Although the validity and reriab ity of plaque scores are suspect,

information regarding oral hygiene and variables associated with it are

essential in understanding periodontitis (Griffrths et al lggg). Results are

reported in Chapter Eight. For the purposes of the current study, the
o'Leary plaque control record was used because it was available from

existing records.

7.2,5 Bleedingon Probing

VâIidity:

Gingivitis has been crosery correrated with the prevarence and

severity of periodontitis. To establish content and construct validity, any

study of periodontal disease must take into account the presence/extent of
gingivitis (Greene 1990; Machtei et al 1992). Gingivitis, may be a sign or

symptom of periodontitis but it does not have criterion validity for
measuring destructive periodontitis. Gingivitis is variable in its occurrence

with the disease and it is primarily hypothetically related to periodontitis
(Goodson 1990).

The validity of gingival indices to assess gingivitis has been studied.

Indices of gingivitis typicatty focus on color, contour, breeding, extent of
involvement and crevicular fluid (Ciancio 19g6). The Gingival Index (GI)
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(Löe and Silness, 1963) has been used to measure gingivitis in a

longitudinal study of the effect of plaque accumulation on gingivae.

Gingival conditions deteriorated over 21 days while no oral hygiene was

practiced. After recommencement of cleansing and reduction in the plaque

Index, gingival inflammation resolved in approximately seven days. The

GI appears to be a valid indicator of the presence of gingivitis and its
association with plaque accumulation (Löe et aI 1965).

Numerical indices such as the Gingival Index (GI) are simple,

sensitive to small changes and they permit examiner calibration. They are

Iimited however because they do not represent a continuous measure or a
ratio scale i.e., it may be inappropriate to calculate mean GI scores from

categorical measurements.

Indices which assess gingivitis based on the presence/absence of
bleeding on probing (BOP) have, on the other hand, been shown to be

objective and associated histologically with gingival inflammation
(Greenstein et al 1981). Morphometric analysis of gingival biopsies support

the detection of gingivitis based on bleeding following probing (Davenport et

aI 1982).

Repeated bleeding on probing at recall examinations during a two

year longitudinal study was associated with an increased tendency to lose

probing attachment (Badersten et al 1g84). However, the ability of bleeding

to predict attachment loss was less than B\Va i.e., sites that bled at each

recall had a 7Uvo c]'ance of not losing attachment. In other words, there

may be an overestimation of predicted disease progression as well as

overtreatment if bleeding alone is used as the predictor of disease activity.

It has been suggested that BOP may be one of the earliest and most

reliable signs of gingival inflammation (Greestein et aI 19g1; ciancio 19g6).

The presence/absence of bleeding following probing has been suggested for
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use in epidemiological studies, short term clinical trials and in the daily
practice of dentistry (Ainamo and Bay 1gz5). However, it is essential that
the probe reach the depth of the pocket in order to determine validly the
bleeding status of the underlying tissues. some bleeding indices stimulate
and assess only superfrcial gingivae (Greenstein et al 19g1; Engelberger

1983; Ciancio 1986).

Reliabilit}':

The criteria used in the GI have been shown to be somewhat

subjective and to require substantial examiner calibration. The GI is not
the index of choice where multiple examiners are employed. The reliability
of gingival bleeding in measuring gingivitis has been estimated to be g|vo

(Caton et aI 1988).

It is known that shallow sulcular bleeding is influenced by the state

of the marginal gingivae which, Iike supragingival plaque, is transient
(Griffrths et al 1988). The transient nature of plaque and gingivitis may
partially explain the poor predictability of bleeding on probing for
periodontitis. It has been suggested that use of repeated measurements in
longitudinal studies may be more appropriate than a single cross-sectional

measure of bleeding to predict disease progression (Griffrths et aI lggg).

The reliability of bleeding indices is difficult to establish since

repeated probing of the site within 90 minutes has been shown to produce

higher readings due to tissue stimulation from the initial probing (Janssen

and Van Palenstein-Halderman 1985). Reliability of bleeding indices has

been enhanced when controlled pressure-s ensitive probes were used

(Polson et al 1980). However, the latter may not be practical for large

epidemiological studies.
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Sumrnary:

Although the validity and reliability of Bop in relation to a history of
AP are somewhat suspect, information regarding gingivitis and variables
associated with it are essentiar to understanding periodontitis. Existing
BOP scores were analyzed in the current study. Results are reported in
Chapter Eight.

7.3 SECONDARY DATA FROM MEDICAL HISTORY

Vafidity:

The validity of a number of the questions in the medical history
section of the dental chart was uncertain. However, two questions appeared

to have face validity (qI2, q2Ð (hypertension and diabetes) (Appendix 6b).

The medical histories were completed as face-to-face interviews between

student clinician and patient. As a result, the atmosphere was conducive to
answering questions; that is, questions could be explained and optional
follow-up probing questions could be asked. The patients were probably
quite motivated to provide accurate information to the interviewer since this
was part of their clinical needs assessment and treatment planning
session.

The validity of certain questions dealing with socially sensitive issues

such as smoking have generally been shown to be under_reported
(Schlesselman 1982). However, the clinician-interviewers were unaware of
the patients' dental health at the time of the medical history so interviewer
bias was not an issue. In addition, there is no reason to believe that those

with periodontitis (cases) would respond with more/Iess information bias
than those without periodontitis (controls).

A number of questions in the chart,s medical history were believed to
be inadequate for the purposes of the current study, for example e45, ,,Do
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you smoke' drink or use non-prescription drugs?" This question dilutes the
emphasis given to smoking, a key study variable; e1, ,,Do you have regular
dental appointments"? ,,Regularity,' is not operationally defrned.

Reliabilit¡,:

No effort was made to determine the reriability of the medical history
data obtained from the charts since this was a secondary source of data.
However, for key questions, the reliability of responses was assessed by
comparing the responses to the responses obtained from the telephone
interview. Since some questions were not posed in the same manner,
reliability often was impossible to determine. The reliability of clinical blood
pressure readings was not assessed. It appeared that the measurement

was made only once. It is uncertain whether the measurement was taken
at a time in the appointment when the patient was most at ease. rt is also

unknown whether clinical instructors were abre to reproduce the readings.

Sumrnary:

The validity and reliability of the secondary medical history is
uncertain. It was for this reason that the telephone interview was designed.

An attempt was made to assess the reliability of the terephone interview
with the secondary data where it was possible. Results are reported in
Chapter Eight.

7.3 TTIE TELEPHONE IIVTERVTEW

Telephone interviews have been shown to stimulate and maintain
respondents' interest and to create an atmosphere conducive to answering
questions (Ab¡amson 1gg0). euestions may be repeated, and if necessary
(and in accordance with training guidelines), a prompting explanation
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provided. suitable standardized fo[ow-up probes/prompts were printed on

each interview form.

The response rate (gB.4Va) was enhanced by sending a pre_interwiew

letter of information from the Dean of the Faculty of Dentistry to aI
potential subjects in which the intent of the study was outlined and
encouragement for voluntary participation stressed (Appendix 6a). High
response rates improve the external validity of a study.

Telephone interviews (Appendix 6e) were utilized rather than in-
person interviews due to reduced cost and increased convenience. Mail
surveys were not used because of an anticipated compromised response

rate and the inability to crarify questions with potential respondents.

Telephone surveys have been shown to result is ress concealment of socialry

undesirable behavior than in-person interviews (pless and Miller 1g7g).

Telephone interviewers were blind to the periodontal status
(case/control) ofthe respondents in an effort to avoid intewiewer bias.

Validity:

Questionnaire validity - The content validity of the terephone interview
was emphasized to ensure that alr items were rerevant to the concept being
studied. content validity is generally tested by collaboration with experts in
the flreld (McDowell and Newel 1987).

The wording, sequencing, and logical flow of the questions were
evaluated in several ways wh e drafting the questionnaire: The questions

were shown to experts in survey design and epidemiology as well as to
physicians, periodontists, and other related health professionals and
ultimately to a biostatician and data entry specialist. Revisions were made

to the questionnaire and subsequentry, the questionnaire was piloted in-
person among four patients at the Facurty in an attempt to obtain direct
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reactrons to questions and respondent suggestions for clariflrcation of the
questions. Following further revisions, the interview was pre-tested among

nine individuals who were active patients at the Facurty of Dentistry, but
who were not potential study participants. An attempt was made to include

respondents of a variety of age, periodontal status, English language skills,
and gender' Each of the three interviewers conducted three telephone

interviews while the other two interviewers .Iistened_in' through a

conference call mechanism. AIr interviewers independentry scored the
responses. Subsequently, sets of responses for each of the questions r'ere
assessed. Any question which failed to show uniform responses \4/as

modiflred slightly to enhance clarity. Modifrcations involved the addition of
prompts and clearly indicating the number of cigarettes per package.

Face Validity: All questions had face validity, except e19. The
question's intent to measure degree of life_stress was not
accomplished due to inadequate wording. Respondents tended to give

the average "moderate" stress response as discussed in Chapter
Eight.

criterion: The criterion validity of question 6 was tested by comparing

the subject's telephone response to the medical history's crinical

blood pressure reading (SBP > 140 or DBp > 90 mmÆIg). Similar
testing was done for age, gender, and history of diabetes. Results are

reported in Chapter Eight.

Construct: Correlation between a number of questions was tested to

determine construct validity. For example, Iower income was

positively correlated with lower education, greater frequency of
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brushing was correlated with

reported in Chapter Eight.

Content: The questions which

27) have been shown previously

reported in Chapter Eight.

regular dental visiting. Results are

assessed Socio-economic status (#28-

to have content validity. Results are

Reliability:

Reliability of data obtained from telephone questionnaires regarding
risk-exposure is influenced by recall bias, social acceptab ity bias as werl as

errors in classifrcation and diffrculties in accuratery assessing confounding

variables.

Reliability of key questions on the interview was assessed when
possible by comparing interview responses with those obtained from
subj ects' existing chart medical/dental history. Inter/intra-rater reliability
of the telephone interview was assessed using Kappa statistics and Intra
Class Correlation Coeffrcients. Results are reported in Chapter Eight.



PART III

RESULTS AND CONCLUSIONS
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8.1

CIIAPIEREIGHT

ANALYSISAND R,ESULTS

OB.IECTIVES OF ANALYSES

The objectives of the analysis were to:

1.

2a.

5.

describe the distribution of the explanatory study variables

within the study population using descriptive statistics such as

measures of central tendencies and dispersion;

test hypotheses about the existence or strength of relationship

between pairs of study variables using bivariate statistics;

Hypothesis: There is a significant association between a
history of AP and antecedent exposure to specific health
compromising behaviors, medications, chronic
diseases/conditions, sociodemographic and certain oral health

variables;

determine the most appropriate diagnostic criterion for case

identifrcation based on the criterion's sensitivity, specificity

and Kappa statistic;

compare exposure to explanatory variables among individuals

with a history of periodontitis to those without using bivariate

statistics such as the t-test and Chi-square test;

test, hypotheses about the reiationships between two or more

study variables while controlling for other variables, using

multivariate statistics, namely, multiple logistic regression;

Hypothesis: There is a significant increased risk for Ap among

those with antecedent exposure to the study variables.

5a.
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4.2 DATAEIVTRY

Prior to data entry, all telephone questionnaires .were placed in
numerical order by chart number. Data were subsequently entered into a

computer by an experienced data entry clerk using Data Entry Emulator
software package (Computer Keyes 1gg1). The accuracy of data entry was
verifred through a double-entry process which automaticaly notified the
clerk when differences occurred. where data points differed, (n = B), they
were re-entered directly by the clerk from the original survey.

8.3 SCREENINGOFDATA

clinical data from dentar charts previousry entered by the pI into
Lotus 2.0 spreadsheet software (LeBIond and Cobb, 19g5) was imported
along with data from telephone interviews into NCSS (Number cruncher
statistical system Product 5.8; Hintze 1gg2). AI data were subsequently

screened for appropriate range ofvalues.

8.4 ITIEST[]DYPOPUI,ATION

The distribution of cases and controls among the target population is
described by subjects' year of periodontal examination (Table g.1). The
"control" target population included all (n = 205) individuars who were
classifred, "01" or "02" at the time of their examination. Among the ,.case,,

target population, aII individuals classifred, ..04,' (n = g1) during the study
period were included, representing the most severely diseased. In addition,
a random selection of all individuals (n = s51) classifred, ,,08,' was made (n =
124) The percentage of class OB's by year of exam for selected subjects was

consistent with the total case "08" target population. The sampring frame
population was 205 + 81 + 851 = 68Z. selection was done in the manner
described to achieve balance and to ensure incrusion of the most severe
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cases thus maximizing the discriminating power of the analyses. Both
groups initially consisted of 205 subjects however, one case was excruded

when it was found that the frnancial account had been sent to coliection. It
was thought that the responses may be infruenced by prevarcation bias or
that the individual may not be representative ofthe target population.

TABLE 8.1 Distribution of cases and controls among target and studypopulation by year of exam

Contuol shrdy population Case shrdy population
vsvs

Confuol par Case

Gases of exam
Control target

population
Control

participants
Case target Case study

lation populat¡on
,s

24.5 s5(03) + 25.9
18 (04) = 53

1991 58

19g2 43

1993 56

1994 ß

n=205

38

52

47

n=190

28.0

21.0

27 .0

23.0

27 .9

20.0

24.7

81

91

23.1 28(03) + 24.8
22(04], = s0

26.5 30(03) + Z6.s
24(04\ = 54

25.9 30(03) + 2B.t
17(04\ = 47

24.5

47 24.5

52 27 .0

6 24.0

n= 192n=351 n = 123 (03) 81
n=2O4

8.5 PARTICIPA}ITSVERSUSNONPARTTCIPAIYTS

During the period November 1g94 - January 19g5, a total of four
hundred nine (409) individuals were invited to participate in the study
(study population). Of these, 382 (gB.AEa) completed the telephone interview.
Te¡ (2.4va) individuals could not be contacted by telephone or mail and

seventeen (4.2Va) refitsed to participate.
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TABLE 8.2 Response rate to telephone interview

Eligible for telephone interview
lnterview completed
Refused participation

Unable to be contacted

409

382
17

10

(100)

(e3.4)

(4.2)

(2.4)

The number of interviews completed per interviewer and the
response rate according to interviewer are presented in Table g.B. As
planned, the PI completed the majority of the interviews (7 5.4va).Inter and

intra-examiner reliability are discussed in Section g.6.8.

TABLE 8.3 Response rate to telephone interviews by interviewers

Irrterviewer Nr¡mber (7o) completed Nunber (Vo) tefused Nr¡nber (Zø) not
contâct€d

#1 (K)

#2 (C)

#3 (S)

55 \sßsz (L4.4) 2 a55 (8.64)

39 selss2 (L0.2) 9 slss (23.08)

288 zBB/382 (75.4) 6 6/288 (2.08)

4

4

2

10_ TOTAL BBZ (100) L7 r7/BB2

The total number of inte¡views completed by each interviewer. The totar number ofrefusals along with the 7o refusals per interviewer. Totar number of not contacted by eachinterviewer.

Reasons given for non-participation in the telephone interview were

documented and reported in Table 8.4. The primary response was, ,,no

reason" (n = 5) followed by,,.not interested,,(n = 31.
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TABIÆ 8.4 Reasons given for not participating in telephone inte¡view

No reason giuen

Lønguage problem

Dissatisfactíon with Faculty of Dentistry
Not interested.

Did,n't haue time

Against philosophy

Subject ill
TO:IAL

The study attempted to determine whether there were any differences

between participants and non-participants regarding their level of
education. However, due to the few number of non-participants (n = 1Z)

willing to provide education-related information (n = g), differences could

not be analyzed adequately.

Participants in the telephone interview were compared to non-
participants regarding their periodontal status (case vs control) and the
date of their periodontal examination. As seen in Table g.1, participation by
year appeared to be consistent. since the rate of participation in the study
was adequate (93.4%), it was fert that generarization of results to the target
population was valid.

8.6 RELIABILITY, VALIDITYAND QUALITY OF DATA
8.6.1 Lrfua-Rater Reliabilit¡': Radiographic Interpretation

Intra-examiner reliability of the dentist's radiographic interpretation
was determined by having the dentist unknowingly re_read a random
selection of radiographs two days after their frrst reading. Reliab ity was

assessed for BWX radiographs (n = 15 sets) as well as for pA,/pAN

radiographs (n = 8 sets).

5

1

2

.f

2

2

2
17
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Intra-examiner reliability was calculated by:

7o Agreement =

# c¡ass¡f¡ed twice as cases + # classified tw¡ce as controls

total # examined twice

x 100

(Fleiss 1981)

The percent agreement for the B.wX was g0.0vo and. gT.sva for the pA,/pAN

radiographs.

The following Kappa coeffrcient, statistic was used to more criticalry
quantifr intra-rater reliability by eliminating any agreement that was due

to chance alone:
bserved agreement _ Expected agreement

^=
ñ

(Fleiss 1981)

When two measurements agree only at the chance level the value of
Kappa is zero and when the values agree perfectly, the Kappa is 1. Kappa

values < 0.4 indicate poor reliability while values 0.4 - o.1s represent fair to
good reliability, i.e., beyond chance and > 0.75 displays excelrent reliability
(Kelsey et al 1986; Fleiss 1981)

The reliability of the dentist to rabel frlms either as case or control
twice was as follows:

BWX K=0.59 PA/PAN K=0.75

8.6.2 Reliabiliúy of PA/PAN Radiographs compared to BWX Radiographs

Where subjects had no BWX, pA/pAN radiograph were used to
determine presence of alveolar bone loss. seventy five percent of the initial
study population had BWX available. Furthe¡ details regarding types of
radiograph used are reported in Table g.5.
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TABLE 8.5 Radiograph types used to determine case/control status
(n= ¿()9)

TVpe #

OnIyBWX

PA

PAN

No radiographs available

TCYIALSURIECTS

To determine the percent agreement of the pA,/pAN technique in
reproducing the same case/control diagnosis as BWX, thirteen subjects,

PA/PAN radiographs were read one day subsequent to the reading of
hisÆrer BWX radiographs. The first thirteen randomly selected subjects

who had both types of radiographs availabre were included. The dentist was

una\rare that alternate radiographs of the subject had previously been

read. The percent agreement of the two techniques was g2.|Vo, while the
Kappa = 0.83.

8.6.3 brtra-and Lrter-Examiner Reliability

Telephone [rtenriew:

Interviewer reiiability was assessed by re_interwiewing a random
selection of forty (n = 46¡ subjects two weeks subsequent to their initial
interview. Table 8.5a outlines the number of initiar and re-interviews
completed by each interviewer.

Va

300

72

28

I
Æ

75

18

7
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TABLE 8,5a Re-Interview Schedule

brterviewer # completed #Refused #No contact Re,rnten¡iew

1(K) 55

2 (c) Be
3 (S) 2æ

TOITAL 382

2

I
6

4 íof#B(S)
4 5 of#3 (S)
2 20 of#3 (S)

10l7

5 of #1 (K)
5 of #2 (C)

4

The test-retest reliability and inter-examiner reliability of several key

variables were assessed for categorical variables: gender, marital status,
Ievel of education using Kappa statistic while Intraclass correlation
Coeffrcient (ICC) was calculated for continuous variables: age, number of
cigarettes smoked./day, number of years smoked (shrout and Fleiss 1gz9).

tcc
Between Mean Square - Error Mean Square

Between Mean Square + (K-l)Error Mean Square

(Shrout a¡d Fleiss, 1979)

TABLE 8.5b Test - re-test reliability (Intra examiner)

Variable R€liability KAPPA/ICC

Age (years)

Gender
Marital Status
Education
#Cíg/day
#Years smoked

l0ÙVo

t00Vo

L00Vo

L0ÙVo

90Vo

7\Vo

1.0

1.0

1.0

1.0

1.0

0.54
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TABLE 8,5 c Inter-examiner reliability

Variable Reliabiliry KAPPA/ICC

Age (years)
Gender
Marital Status
Education
#Cig/Day
#Years Smoked

1.0
1.0
1.0
0.9
0.4
0.2

Intra and inter-interviewer reriability was generarly high except for
variables, number of cig/day and number of years smoked. Since these

variables were subsequentry combined into number of cigarette,index
(number of ciglday x # years smoked), and that variable further categorized

into 0; 1 - 300; 301 - 500; and > 500, reriability rikery wourd have increased to
an acceptable level.

8.6.4 validation and comparison of relephone survey and DentauMedicar
Chart Data:

To determine whether data obtained from the telephone interview
differed signifrcantly from data obtained from the dentavmedical records, a
comparison was made of ava able rerevant demographic and medical data

including Age (date of birth), history of Hypertension, or Diabetes.

When date of birth given at the history and examination was

compared with date of birth given at interview, all dates of birth were

exactly the same except in three individuals where the date differed by one

year (e.g. 1918 vs 1919).

The overall agreement between methods regarding a history of
diabetes was ggvo with a K = 0.g0. The Kappa was 1.0 when those indicating
"borderline" status we¡e categorized as not having a history of diabetes.

The overall agreement between methods regarding a history of
hypertension was 87vo, K = 0.68. one explanation for a higher prevalence of

I0ÙVo
I00Vo
I0ÙVo
957o
90Vo
80Vo
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hypertension reported in the terephone interview than in the existing
medical chart could be that at the time of the medicar/dental history,
subjects had not yet had their blood pressure measured. As a result, many
may have been unaware that their blood pressure was high. Students
generally take the blood pressure after the verbal medical history has been

recorded. Blood pressure measurements are then recorded in the chart and
if high, the patient is told to visit his/her physician. since the telephone

interview asked, "Prior to 19-, did a physician or nurse ever tell you that
you had hypertension or high blood pressure?,', the subject may have
reported the reading taken at their frrst dentavmedical examination at the
Faculty. The results are reported in Table g.6.

TABLE 8.6 Validity of hrtendew
Variable

I. AGE (n = 382)
(DOB) 379 had same DOB at interview as in Medical Record

3 differed by one year
IL DIABETES (n = 382)

lrterwiew
Yes No Totâl

Medical Chart

. overall agreement

.K

t7 0 77
5 360 365
n li¿i0 382

Yes
No
Total

17 + 360
æ2

0.99 - 0.90

1.0 - 0.90

0.99

0.90

IIr. IIYPERTENSION (n = 380)

Yes
Medical Chart No

TotaI

overall agreement
K = 0.8?-0.65

1.0 - 0.65

Interr¡iew
Yes No Total

2 missing charts
values = 392

0.87
0.63

62 l,Ít

270 305

380
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The validity of the telephone interview was adequate among those

variables assessed. The validity of other variables could not be established in
the current study (e.g. smoking history).

8.6.5. Qualiúy of l¡rterwiew:

The interviewer's impression of the quality of the interview was

documented immediately following each interview. Intervieweïs were

asked to indicate their estimation of 1) the respondent,s understanding of
the questions; 2) the respondent's recall of information; and B) the chances

of getting the same responses in two weeks. It was determined a priori that
subjects' questionnaires rated below "8" (average) would be excluded from
analysis. No scores below "8" were reported. The "quatity" of the interview,

albeit somewhat subjectively determined was adequate. Resurts are

reported in Table 8.7.

TABL,,E 8.7 "Quality" of interview (n = 882)

TOTAL

Respondent
understand¡ng

Recall

Chance getting

348 91.10

362 94.77

4 1.10 30 7.80 348 91.10 382

382

382

7.59

4.97

0 0 0 0 51.31 29

0 0 0 0 70.26 19

0

Post-intervierv rating of "quarity" of the interview by interviewers regarding respondent,s
understanding of questions, his/her recall of information, and likelihood of obtäining"same^;;";;;
Íiom the subject in two weeks

8.7 UNTVAR,IATE AND BTVAR,IATE ANALYSES

Univariate and bivariate methods inciuded histograms, normal
probability plots, frequency distribution tables, skewness, kurtosis, cross-

tabulations, t-tests, analysis of variance, squared correlation coefflrcients,

and simple linear or logistic regression analyses. These methods were used.
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to assess the distribution of observations, to confirm the appropriateness of
normality assumptions, to determine the rerationships between variabres,

to detect collinearity between variables, and to identify the variables most

suitable for multivariate analyses.

8.7.1 Oven¡iew of Continuous Variables

The distribution of continuous variabres is outrined and missing
values identifred in Table 8.8. The mean age for participants at the time of
their periodontal exam was 55.2 years (sD = r2.7).The average praque score

for participant's was 52.2vo (sD = 26.9; while their average systolic and
diastolic blood pressure was 129.6 mm/Hg (SD = 16.4¡ and 81.9 mmÆIg (SD =
9.8) respectively. smokers, on average had smoked for 1g.5 years (sD = rB.2)

(Table 8.8).

MissingData:

The pattern of missing data is berieved to be more important than the
amount of missing data since systematically missing values may affect
generalizability of results. If few data points are missing in a random
pattern in a relatively large sampre, there is less concern than if there are

many data points missing from a sma[-to-moderate-sized study. There are

no established guidelines regarding the critical number of missing data
points that may be tolerated (Tabachnick and Fidell 19g9).

In the current study, missing values were relatively infrequent.
Some data for approximately TVo of subjects were missing for variables:
Plaque Score (PS) (n = 32), Bleeding Score (BOp) (n = 26), Systolic and

Diastolic Blood Pressure (s/DBp) (n = 32) as these data were unavailable
from existing dentaVmedical records.
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Missing Plaque Scores (PS) were randomly distributed among all age

groups, both genders and levels of education. However, there were more

missing plaque scores among cases (n = 22) than controls (n = 10) and there

was a trend for more missing Plaque scores when subjects had more teeth
present i.e., there were 20 missing scores among those with > 20 teeth
present and only four missing among those who had fewer than 10 teeth
present. There were more scores missing among those who brushed >

1¡/day (n = 14) than those who didn'i (n = 2). The reason for missing pS may

be that clinicians had a tendency not to calculate it among patients in
whom the oral hygiene appeared excellent or in advanced cases where
plaque was generalized.

Missing Bleeding on Probing scores were also randomly distributed
among all age gro'ps, both genders and levels of education. However, there

rüere more missing BOP scores for controls (n = 24) than cases (n = 2) which

may be explained by failure of clinicians to calculate a Bop score when

there is no clinical evidence of inframmation. There was a tendency for
more missing BoP scores when there \¡r'ere more teeth present that is, 1g

were missing among those who had most (> 20) of their teeth while only

four were missing when the subjects had fewer than 10 teeth present and

another four were missing among those with 10 - 1g present. This situation
suggests that BoP scores rvere taken less often on periodontally healthy
individuals. There were more missing BOp scores among those who

brushed > 1/day 6 = 22) than those who brushed < Ild,ay 6 = 4). Clinicians

may have been more likety to take the BOp in the presence of plaque and

inflammation than when they were absent.

Since the missing data appeared generally to occur within a random

subsample of the study population, it was appropriate to exclude

individuals with missing values from analyses.



1n

Outliers:

Outliers (observations differing widely from the rest of the data)
(Last, 1988), were identifred through the use of histograms and normal

probability plots. outliers were observed in the following continuous

variables: a) Number of cigarettes smoked/Day. This variable was log-

transformed, yielding no outliers; b) Number of Teeth present. A log_

transformation of this variable did not take care ofthe outlier therefore, the

variable was transformed into a categorical variable.

Normalitp

Normality of distribution was evaluated using the Martinez and

Iglewicz Normality Test (Hintze 19g2) along with frequency histograms and

normal probability plots. The critical value of ívo was set. Non-normality

was said to exist when the test value was larger than the rejection value.

The results are reported in Table 8.8.

Any variable which deviated from normality was log-transformed or

a square root transformation attempted and the median value recorded. In
the case of variables such as Bleeding on probing, where the value is a
percentage, a sine transformation was attempted. If these transformations

did not achieve normality, the variable was categorized.

Deviations from normality were detected in variables: a) Bleeding

score. sine transformation did not eliminate non-normality; therefore, the

variable was transformed into a categorical variable.; b) Number of teeth =

5, 6, 7 mm PD. Neither a log nor square root transformation would

eliminate non-normality so the variable was categorized.

Skervness and Kurtosis:

Skewness (how symmetrical the values were about the mean) was

assessed along with Kurtosis (the flatness of the distribution) using the Z



TABLE 8,8 Descriptive statistics of continuous variables

Variable Meân (SD) Rânge Sample Missing Oufliers No¡mâlitJr M_ârtinezmediân size våtues Gistogråm) ¿ rd.*ic-, t."t i;il

Age at H&E (years) 55.2 (I2.7) g5€Z æ2 0 No NS

Behavion
Nurnber of cigarettes/ day
Number of cigarettes/ day
logged

Number of years smoked
Numbe¡ of years smoked
sqr
Number cigarette years (# 375.97 1-,{500 ß2 0 yes M_I=2.40cig day x # year srnoke)

Oral frndings:
Plaque score b2.2 (26.9) Og - TOOo/o ß2 BZ No NSPlaque score SIN -0.262 -0.99 - 0.99 ß2 32 No NSBleeding score Bg.2 (22.8) O - l0}o/ô AB2 ãì No M-I = 1.09Bleeding score SIN -0.262 -0.99 - 0.99 382 æ r.,fo M-I = 0.13Number ofteeth 22.8 (6.7\ t- gg2 0 yes M_I = 1.7S

17.0 (14.1) 1-100 ß2 0 yes NS2.64 .256 - 4.61 ß2 0 Logged NS
ielded no

r8.e (1s.2) 1- 51 æz , ""S;* 
NS4.24 1-7.74 ß2 0 No NS

Medicâl healtl vâriables¡
Systolic blood pressure
Diastolic bÌoorl n¡ess¡r

129.6 (16.4) 94- 180
81.9 (9.8)

382
ß2

M-I = 1.03

\o
pr



TABLE 8.8a Descriptive statistics of continuous variables (contd I

Age at H&E (years)

Behavio¡:
Number of cig¿ rettev day Z=8.93,p<0.001
Number ol cjgârefles/ day Z= -3.64, p < 0.0003
logged

Nuûrber of years smoked Z = 2.66, p < 0.OOg
Number of years smokeil Z=4.8é,p=0.88
sqr

Number
cig day x

Z=0.97,p=0.33

Skewnesc

Oral findings:
Plaque score Z=J.29,p<0.001
Plaque score SIN Z=2.05.p <0.04

Bleeding score Z= 6_09, p < 0.001
Bleeding score SIN Z=1.89,p <0.05

Numbe¡ ofteeth Z=-9.24,p<0.001

Medical healthvariables:

c¡garette yea¡s (# z=11.30,p<0.001 z=8.61, p < 0.001. Tlansfomâtion coùld nor eliminate skew# year smoke) Vâ¡iabte wâs cat€sorized_

= -12.55, p <
be a concern wheû the

Z= 7.01, p < 0.001
Z=0 07, P= 0-95 (numbe¡ of cigãettes per day logged eliminated
outließ but afte¡ lossinc rhe vâlues were srill skewà. Squa,e root
tlå¡sforDation failed to etiminate skew. Categorizâtion ofvadâble

Z=-2.92,p<O.004
Z = -5.17, p < 0.001 Since log trâ¡sformãtion yielded non_normâtity
and skewed, â squâre root transforxrâtion was done. This
eliminated skewness bur Ku¡rosis still wâs present. It æEains
normally distribûted w h SeR rransformation.

Ku¡tosis

Systolic blood pressu re Z = 4.72, p < 0.007 Z = 1.01, p = 0.g1. This variabte \a,as not normâìly distribut€d ând tÌrc
skêeaìpss was sicnifica¡t. Loseins 3¡d SeR Ðâde ir normârrv
disrribuied but did nol climi¡åre skewness the¡elorp the va¡iablá

Diastoric bloo<r pressure z = s.e4, p < 0.0001 ;:ïåå:i':i:ff ifií=" 
tt"o.ro. 

** "* "".-aìry distribured ând
skewness and KurroEis sisnificant. LossiDs anðSe roor did noi
yield no¡Erality and skewnesslKurtosis ¡emaineã a concern,
ther€fore câreco¡izêd.âbsgZl js=jL...--

variable is normålly dist¡ibuted and no

becâùse Kù¡tosis is not

Z=4.36,p<0.001
Z = -26.60, p < 0.001. Althouch rhis variable had no outliers and was
nomaÌly distributed, A SIN trânsformation could aot etiminare
Skewness and Ku¡tosis. Los aDd SeR ftansfolmârions were
iuapprop¡iate aud did not eliminâte skew or Ku¡rosis. The va¡iabte

Z= 1.93, p < 0.05
Z = -2a.12, p < 0.0001, SIN t¡ansfomation djd ûot yield Do¡mâlity or
eliminate skew o¡ Kùrt¿siÊ_ the vâriabÌe was catego¡ized .

Z= 4.17, p < 0-001. This vadâble wâs not nortrally distributed ând
had outliers. Logghg and Se rootillg r¡outd ¡oi climinâre $ese
problems or the problcms of skcmess ãDd fiurlosis. thercfo¡e ir
wâs categorized.
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test under a subfunction of NCSS and a critical value of .05. In a normal

distribution, the values of skewness and kurtosis must be zero.

Since Age was normally distributed and not skewed, the observed

kurtosis was not believed to be a concern. The number of cigarettes/Day

was categorized since the variable remained skewed after transformations

were attempted. The Number of Years smoked was squared to eliminate

skewness. A sine transformation of plaque score and Bleeding of probing

could not eliminate skewness or kurtosis, so they were categorized. The

Number of reeth and systolic/Diastolic Blood pressure were categorized

due to inability to normalize their distribution and eliminate
skewness/l<urtosis. Results are also outlined in Table g.g.

The only variable which remained continuous subsequent to initial
data screening and univariate analysis was Age. The average age of
participants (n = 382) at the time of their periodontal examination was 55.2

years, SD = L2.7 with ages ranging from 35 - 8Z years.

8.7.2 Oven¡iew of lliscrete Variables

Descriptive analysis and crosstabs subfunctions of NCSS were used to

determine the distribution of potential explanatory variables. The results

are outlined in Table 8.9.
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TABLE 8.9 Description of categorical variables

I. Telephone intenriew (n = BB2)

Variable Description ofvariables by nunber and percentage

Sociodemographic Factors:

Gender

Marital status

Emplolnnent status

Occupation

Education level

Female = 223 (58.4Va) Male = L59 (4l.6Va)

Single (never married) = 34 (8.9Vo)
Mar¡ieüCommon Law (and not separated) = 257 (67.8Ía)
Divorced/Separated = 54 ti4.I?o)
Widowed/lVidowel = 37 (9.7qô)
DK/NR = O

Full-time (> 35 h¡/week) = LOl (Z7.5Va)
Pa¡t-time (< 35 hr/week) = 65 (L7 .\Va)
Unemployed = L0 (2.6Va)
Laid Off= 3 (0.87o)
Retired = 737 (35.9Vo)

Homemaker = 42 (Il.OVa)
Student = 4 (1.07o)

Other = 16 (4.2Va)

DK/NR = O

Professional = 47 (l2.3Vo)
Manager/Offrcial./Proprietor = 28 (6.0Va)
Offrce/ClericaVS ales = 95 (24.97a)
Foreman = 86 (22.6Va)

UnskilÌed = 85 (22.3Vo)

Not applicable = 45 (7L.8Va)
(42 homemakers & B non-employed students)

Missing Value = L (0.26Va)

No Schooling = 2 (0.5Vo)

Elementary (K-9): Some = 52 (13.78ò; Completed = I7 (4.5Va)
Secondary (10-12): Some = 77 (].8.7Va);

Completed = 60 (15.8%)
Community/Technical College:

Some = 13 (3.47a); Completed = 68 (16.6Vr,)
University: Some = 37 (9.87¿); Complete d, = 36 (9.1Va)
Graduate Studies/ Professional Stuclies (Masters, phD, Law,
MD, DMD): Some = 10 (2.6Vo); Comptete = t7 (4.5V,)

Under $12,000 = 49 íBjVa)
$rz,ooo - $z¿,ggg = 728 (B}.sra)
$25,000 - $49,999 = rït ß5.7qo)
$50,000 - $74,999 = 2J (6.Bvo)

> $75,ooo = 16 (4.48a)

Refusal to answer = 25 (6.gVa)
DK/NR = 15

Income level



732

Behavior:

Toothbrushing frequency

Flossing frequency

Cigarette smoking status

Chronic conditions/ diseases¡

Diagnosed diabetes

Diagnosed hypertension
(high blood pressure)

Diagnosed MI

Diagnosed angina

Di agnosed artero/a¡therosclerosis

Use of specific nedications:
DiÌantin

Cyclosporin

Nifedipine

Oral contraceptives / estrogens/
Progesterone / provera: (¡ = 223 females)

Other medicines regularly

A¡rti-infl ammatory > 3x/week
(n= 152 who report taking other regular
medicines>Sxweek)

HBP meds
(n = 96 who reported being told
they had HBP)

Insulin
(selfreported diabetes = 22,
Taking diabetic medications = 17)

Oral meds diabetes
(selfreported diab eles = 22 ,
Taking diabetic medications = 1Z)

> 1 x/day = 345 (90.3Va)

> 1 x/week = 34 (8.980)

> lxlmonth = 2 (0.6Vo)
rarely = I
never = I (0.3%)
DIVNR = O

> 1 ry'day = 93 (24.4V0)

> 1 x/week = L27 (33.3Vô)

> lx/month = 42 (1L.0Vo)

mrelY = 75 (l9.7Eo)
never = 44 (7L.5Va)

DK/NR = t (0.267o)

Never smoked = L9L (50Va)
Ever smoked = LgL (50%)

No = 360 (94.27,) Yes = 16 (4.2Va)
Borderline = 6 (L.6V.)

No = 286 (7 4.9Va) Yes = 96 (25.LVa)

No = 370 (96.97o) Yes = 72 (3.7/a)

No = 355 (92.97o) Yes = 27 (7 .LVa)

No = 361 (94.57o) Yes = 27 (5.5Vo)

No = 380 (99.57o) Yes = 2 (0.5Vo)

No = 382 (1007¿) Yes = 0

No = 379 (99.27o) Yes = 3 (0.87o)

No = 80 (35.97¿) Yes = t43 (64.7Va)

No = 231 (60.57¿) Yes = 151 (39.52o)

No = 80 (52.67o) Yes = 72 (47 .4Va)

No = 60 (62.E )
NA = 286

No = 72 (70.6Va)

NA = 360

No = 9 (52.97¿)

NA = 360

Yes = 36 (37.57o)

Yes = 5 (29.47a)

Yes = 8 (47 .1,Vo)
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Othe¡

Level of life st¡ess No stress = 26 (6.8Va)

Slight Stress = 708 (28.4Vo\
Moderate Stress = I87 (47 .6Va)
Extreme St¡ess = 65 (17.12¿)
DMK = 2 (0.52Vo)

II. DentaVmedical chart information (n = Bg2)

Oral findings:

Regular dental visiting
(Reported At H&E)
Missing Value

Bleeding on probing
(Bop)

Plaque

# t€eth present

# Teeth Present

# Teeth kesent

General health variables:

SBP > 140

DBP > 90

No
Yes
. (8)

Slight (0 - 337o)
Moderate (34-66Vo)
Severc (> 67%)
Missing (26)

Slight (0 - 337ó)
Moderate (34-66Vo)
Severe (> 67Vo)
Missing (32)

>10
<10

>20
<20

>25
<25

No
Yes
Missing Value (24)

No
Yes
Missing Value (24)

247 (66.2Va)

t26 (33.8Eò

205 (57.6%)
lL2 (34.3Va)

29 (8.LEò

106 (30.37o)

143 (40.9Va)

L01 (28,8Vò

354 (92.77ò
28 (7.7Va)

299 (783qò
83 (2L.7)

r85 (48.4)
197 (51.6)

288 (80.4)
70 (1e.6)

318 (88.8)
40 Í7.2)

Sociodemographic Factors:

Of those participating in the study (n = Bg2), 5g.AVa were female and

4l.6Vo male.

The majority of participants \ryere maïried or living common lar¡r'

(67 1vo) w}.ire 8.9va were single, Ll.rvo dívorced or separated. and. g.7va

widowed. This variable was subsequently collapsed into: partner (67.Bva)

and single (32.7vo). Approximately B6vo of tine participants were retired, and
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117¿ homemakers, while 27.\va reported to be employed ful-time and 1,7vo

part-time. Forty-five percent of respondents reported semi-skilled
occupations, an additional 24.gva were clerical/sales and Lg.6vo ]held.

professional/ managerial positions. There was only one missing value for
occupation. over half (53.Zva) reported graduation from secondary (Grade

12) school as their highest level of education whíle g.|vo graduated from
university and another A.Evo compreted professional/graduate studies.

There were 12 missing values for education but there appeared to be no

difference between cases and contrors regarding the frequency of missing
education data when categorized, < Gr12 vs > Gr 12. Nearly ]harf (46.gvo)

reported an annual gross family household income of < $25,000 while most
(82.5va) reported their income as < $50,000. onry A.rgvo reported income ¿
$75,000/year ar,d IB.BVo under g12,00}/yeat. Eleven percent of the
respondents either did not know their family income or refused to divulge

the information. No difference between the cases and controls was observed

in the frequency of missing income data when categorized, < $ 25,000 vs >

$25,000.

Behaviors:

The vast majority (90.BVo) of individuals reported to brush their teeth
once or more/day while only 24.4Vo reported the same frequency of flossing.

Equal numbers of individuals reported to have been regurar smokers at
some time (50Vo) as not (50Vo). Wlnile IB.4Vo had > 500 Cigarette_Index (a

continuous measure of life-time exposure to smoking), 26.7Vo hað. I _ 250

cigarettes index (# ciglday x # yrs smoked). To calculate the actual number
of cigarettes smoked in one's lifetime, the cigarette years' index courd be

multiplied by 365. Regular dental visiting was reporte d, by BS.gVo of ti'e
individuals.
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Chronic ConditionslDiseases:

The prevalence of 'Diagnosed Diabetes' was 4.2va with an additionar

L6Vo reporting, "borderline diabetes,, which could represent an overall
prevalence of diagnosed diabetes of E.Bvo. Approximately 25vo repoúed.

having been told by a doctor or nurse that they had hypertension/high blood

pressure while only 3.wa had been diagnosed with a Myocardial Infarction,

7.LVa wítt' Angina Pectoris, and 5.EVa with Arterio/Atherosclerosis.

Use of Study Medications:

use of specifrc study medications was rerativery rare but reported for
Dilantin-/Phenytoin (n = 2, 0.5Va), Nifedipine/Adalat (n = B, o.BVa) and,

Cyclosporin n = 0. Due to inadequate levels of exposure, even when

combined, these variables were not analyzed further.

Prior exposure to hormonal repracement therapy/oral contraceptives
(Estrogen /Progesterone) was relatively common (64.wo) among women. Of
those subjects who reported taking '.Any Medication" more than Bx/week,

47.4vo took anti-inflammatory medications. of the g6 individuals who had

been told that they had Hyperten síon, 87 .Evo had taken medication for the

condition. Insulin was used by six (B3.BZ¿) of the 1z individuals under
treatment for diabetes.

OralFindings:

When BOP was categorized, slight bleeding on probing (0 _ BBVo of
surfaces) was found among 57.6va of the subjects while moderate (s4 - 66va)

was found ao'ong 34.3vo and severe bleeding (> 67 Eo) ao.ong g.rvo. Due to

inadequate cell size associated wit]n > 67 va Bop, a decision was made to use

50vo BoP in subsequent analyses. There were 26 subjects for whom Bop
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scores were unavailable. As described earrier, missing Bop scores were

randomiy distributed among arl age groups, both genders and levers of
education. However, there were more missing BOp scores for controls (n =
24) than cases (n = 2) which may be explained by failure of clinicians to
calculate a BoP score when there no clinical evidence of inflammation.
There was a tendency for more missing Bop scores when there \¡/ere more

teeth present, that is, 18 were missing among those who had most (> 20) of
their teeth while only four were missing when the subjects had fewer than
10 teeth present and another four were missing among those with 10 - 19

present. This situation suggests that Bop scores were taken less often on

periodontally healthy individuals. There were more missing Bop scores

among those who brushed > Lld,ay (n = 22) than those who brushed < l/day
(n = 4). The impact of missing Breeding on probing scoïes on the resurts of
the current study could be an under-estimate of the association between

BoP and periodontitis, assuming that the missing contrors had row Bop.
The prevalence of categoized pS was: slight (0 _ BBVo of surfaces) =

30.3Vo; moderate (34 - 66Va of surfaces) = 40.gVa; severe (¿ 67Zo of surfaces) =
28.9Vo). There were 32 subjects for whom plaque Scores were missing.

As mentioned earlier, missing plaque Scores were randomly
distributed among all age groups, both genders and levers of education.

However, there were more missing plaque scores among cases (n = 22) tinan

controls (n = 10) and there was a trend for more missing pSs when subjects

had more teeth present i.e., there were 20 missing scores among those with
> 20 teeth present and only four missing among those who had fewer than
10 teeth present. There were moïe scores missing among those who

brushed > lxlday (n = 14) than those who didn't (n = 2). The reason for
missing PS may be that clinicians had a tendency not to carcurate it among

patients in whom the oral hygiene appeared excellent or in advanced cases
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where plaque was generalized. The impact of missing plaque Scores in the

current study is that the effect of praque on Ap courd be somewhat under-

estimated assuming that the missing control subjects had low plaque

scores. There were 5l.6vo of participants who had fewer than 25 teeth
present, while 2l.7vo had fewer than 20 teeth and 7.Bva ],'ad, fewer than 10

teeth present.

Other:

Extreme stress was reported by L7.rvo of the respondents wh e 6.gz¿

reported no stress. A number of categorical variables were further
collapsed due to insufficient ceil size. The results are reported in Table g.10.

TABLE 8.10 Collapsed categorical variables (n = 3g2)

NEW CATEGOBIES # o/o

Sociodemograph¡c
Factors:
Age:

l\¡arital status;

Ëmployment:

Employment

Employment

Occupation

Occupation

Highest level education

35 - 54 year 1BS (48.4)
55 - 64 year SZ (Z+.t\
> 65 year tos iez.si
Partnersinsre 121 3l?
Employed (FÎ/Pl) 17O 44.s
Unemployed/La¡d Off 19 g.4
Retired 137 g5.9
Homemaker 42 11.OOther/Student 20 5.2Frlpr 170 44.8
Laid OfflUnemployed 1g 3.4
Fìetirecl,iHomemaker/ Student 199 S2.1FT/pr 170 44.8
All other 2i2 Ss.sProfessional/lvfanagerial 71 18.6Clerical/Sales 95 24.9Semi-Sk¡lled/Unsk¡lled fi1 44.8Other 45 1j.B
Wh¡te Collar 166 43.s
Blue Col¡ar / Housew¡fe / Ret¡red / Student ZIO Sé.ã
No formal education/some or oraduated elementary li ié.i
(Grade 9)
Some/Graduate Secondary (Grade 12) f 31 34.g
Some/Grad Technical 76 19.9
Some/Gra_d. Universjty/ Graduate/ professional Degree 1Oo 26.2
other (DKNR) 1 o.g
> Grade 12 177 46.9
3 Grade 12 2OS Sg.7
< $12,000 49 .13.3

$12 - 24,999 123 33.5

Education

lncome
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lncome

Behav¡ors:
Toothbrushing

Flossing

# cig/ per day

# cig day

Cig year

Chron¡c conditions/
diseases:
Diabetes

New diabetes

Any ischemic heart disease
(lvll, angina, arter¡o)
Systolic BP > 140 mm/hg
(cl¡nical)
D¡astolic BP > 90 mnì/hg

HBPcombo.
Diag hyper or SBP > 140 or yes
DBP > 90
Other:
Stress

Oral f¡ndings:
Bleeding on probing

BOP

Plaque

PIaque

Plaque

Number of teeth present

Teeth present

$25 - 49,999
> $50,000
Refusal to Answer
N¡issing
à $25,000
< $25,000

> 1lday
< 1lday
> 1/dav
< 1lday
0 cigarettes/day
1 - 11

¿26
0 - 15

0
1-250
25i-500
> 500

No and Borderline
Yes
No
Diâbetes/Borderline
No
Yes
No
Yes
No

No

No - Sl¡ght
l\loderate - Severe

Slight (0-33%)
Moderate (34-66%)
Heavy (>67%)
l\4issing
< 500/o

¿5O%
M¡ss¡ng
Slight (0 " 33%)
N,loderate (34 - 66%)
Severe (¡ 67%)
N4issing
< 67yo

¿67%
Missing
< 50.k
¿50%
M¡ss¡ng
1-9 Present
10- 19 Present
20-28 Present
¿ 25 teeth present

131 35.7
39 t0.7
25 6.8
15

195 51 .0
187 49.O

34s (e0.3)
37 9.7
93 24.3

289 75.7
191 50.0
74 19.4

'too 26.2
17 4.5

297 77 .7
a5 22.3

191 50.0
102 26.7
38 9.9
51 13.4

366 95.8
'16 4.2

360 94.2
22 5.8

342 89.5
40 10.5

3't2 81.7
70 1 8.3

342 89.5
40 10.5

251 65.7
131 34.3

136 35.6

205 57.6
112 34.3
29 8.1

(26)
264 75.3
88 24.7
26

'f 06 30.3
143 40.9
101 28.9
(32)
249 71 .1
101 28.9
(32)
173 49.4
177 50.6

2A 7.3
55 14.4

299 78.3
'185 48.4
197 51 .6< 25 teeth present
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8.7.3 Comparative Exposure To Variables Of Interest

Cases vs Controls:

The distribution of key expranatory variables among controls and
cases was analyzed and compared using chi-square or t-test statistics.
Analyses were carried out using the six Diagnostic Criteria (A_F) which
were discussed in sections 6.4 - 6.6. The results were reported in Table 6.4.

Exclusive Use Of Criterion F As Outcome:

Since Diagnostic Criterion F (> 1 site with > B mm distance

radiographically between AC and CEJ or > 1 site with > 7mm pD) was
previously identified as the optimum method of defining ,,case,,, all
subsequent analyses were carried out using it as the outcome (n = 362¡.

subfunctions for NCSS statistical software program were used in the
following analyses.

The t-test and chi-square tests were used to investigate differences

between cases and controls regarding continuous and categorical variables
respectively. The level of significance was set at |va revel (Fleiss, 19g1;

Kleinbaum et al 1982). Results are reported in Table g.11.

The unadjusted odds ratios (OR) for explanatory variables were

calculated using Logistic Regression whereby the resurting beta estimates

were exponentiated (anti-logged) to determine the unadjusted odds ratio.
The unadjusted OR was used to measure the degree or magnitude of
association between the explanatory and dependent variables. The
likelihood ratio chi-square was used to assess the signifrcance of odds

ratios. The level of significance was set at 5zo (Freiss 1gg1; Kreinbaum et al

1982). The confidence limits of each oR was carculated by the formula:

C.I. = e¡p lßeta estimate +/- 2x Standard Enror of ßeta estimate]
(Kahn and Sempos 1989)
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The results for these analyses are reported in Table g.11.

Sociodemographic Factors:

Among demographic variables, both age and gender showed a

signifrcant difference between cases and controls. The mean age of controls

was 49.8 years, SE = 0.93 while that of cases was 5g.0, SE = 0.g5, t = _6.5, p <

0.0001' when age was categorized as: 85 - 54 and > 55 years, there was also a

signiflrcant difference between cases and control with a higher proportion of
the younger subjects (7 O.LVa) being controls , x2 = 40.0,ldf, p < 0.0001, OR =
4.08, CI = 2.59 - 6.43. Being > 55 years old is associated with a 4.0g times

increased risk of a history of periodontitis compared to those aged 85 - 54

years.

There was a higher proportion of females (64.gVa) among controls

than cases, x2 = 4.9,1df, p < 0.08, OR = 1.62, CI = l.O4 - 2.51. Being male was

associated with l-.62 times increased risk of a history of periodontitis
compared to females.

Among socioeconomic variables, several showed a significant
difference between cases and contrors including: a) marital status: i.e.,

more of those with partners (7 4.0Va) were controls than cases, xz = 5.4, tdf, p

< 0.02, OR = 1.71, CI = 1.97 - 2.72. Beíng single as opposed to having a
partner increased risk by 1.21 times; b) education, i.e., a higher proportion

of cases had grade 12 or less education (52.2Vo) than controls, xz = 5.2, ldf, p
< 0.02, OR = 1.67, CI = 1.69 - 2.56. Having a grade 12 education or less

increased risk by 1.67 times compared to those with more than grade 12

education; c) employment, i.e., controls were more likely to be employed

full/part time (57 .Lvo) versus all others, including retired/homemakers/

students/ laid off/unemployed than cases, x2 = 18.07, ldf, p < 0.0008, OR =
2.77, cr = 7.4t '3.26. There was an increased risk of 2.17 times for those
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TABLE 8.11 Comparison of cases and controls: Crude disease-exposure associatior
for individual key explanatory variables (n =362)

variable contfol case odds Fatio g5o/" cl

x = 49.8
SE = 0.93

x = 58.0
SE = 0.85

i=-6.5,p<0.0001
#Vø#%

I.actors:
Age (years)

fueGllup)
35-54
>55

G€rrder
Female
Male

Marital
Partrer
Single

Educaúion
> grad $ade 12
< grâd g¡ade 12

Occupation
Prof/manager
Others

I¡rcome
> $25,000
< $25,000

Emplo!Ìnent
FT/PT
Others: unemploy/laid
offl retired/ home/student

Behaviors:
Tooihbrushing
¿ 1/day
< 7 lday

Flossing
> 7/dav
<1day

Regula¡ dental rrisiting
Yes
No

Ever snoke
No
Yes

# cig day
0-15
>16

108 (70.1ì 76 t36.5)
46 t29.9¡ W (63.5)

x2 = 40.0, 1df,p<0.0001

1m (64.9) 111 (53.4)
{35.1 r Sl (46.6)

x2= 4.9, 1df, p < o.o3

114 t7 4.0t 180 (62.5)
44 126.0t 78 (37.5)

x2 = 5.4, 1d4 p < 0.02

U ( 54.5 ì 87 (41.8)
70 (45.5) 121 (52.2\

x2 = 5.7, 1df, p < 0.02

%. 115.6) 2, (10.61
130 184.4) 186 189.4 )

x2 = 2.0, 1df,p=0.16

85 155.2¡ IOI (48.6)
69 (44.8) 7U7 (51,.4)

x2 = 1.6, 1df, p = 0.21

88 (57.1) 79 (38.0)
æ @2.e) tE (62,0)

x2 = 13.07, 1d4p<0.0003

(e0.3) 1æ (90.9)
(9.7) 19 (9.1)

x2 = 0.03, 1df, p = 0,85

(24.7) M (26.0)
(75.3) 7 (74.O)

x2 = 0.08, 1d{,p=0.78

(41.1) 61 (30.0)
(58.9) 742 (?0.0)

x2 = 4.6, 1cl4 p < 0.03

(56,5) s2 (44.2)
(43.5 116 (55.8)

x2 = 5.3, 1df, p < 0.02

(84.4) 752 (73.1)
(15.6) 56 (26.9)

x2 = 6.80, 1di p < o.o1

7.62

L.77

4.08

1.56

0.62

1.64

(2.59 - 6.43)

(1.04 - 2.51)

(7.07 - 2.72)

(1.09 - 2.56)

(r.21 - 2.95)

(0.85 - 2.0)

(1,41 - 3.26)

(0.45 - 1.93)

(0.57 - 7.52)

(0.40 - 0.97)

(7.07 - 2.5r

(7.76 - 3.44\

1tr)
15

38
116

æ

87

r30
% 2.0



# cig years*

Ch¡onic cond/ diseases:
Diab€t€s
No
Yes/borde¡line

Any isch
No
Yes

Diagnoê€d hypert€nsion
No
Yes

sBP > 140
No
Yes

DiBP >90
No
Yes

IIPts c@¡bo
No
Yes

Medications:
Anti-in-flammatory
No
Yes

EshogÞIr
No
Yes

0ttre¡:
St€ss
No / slight
Moderate / extreme

Oral findings:
Plaque
< 67qo

> 67Va

Plaque
< 50Ea

¿ 5O%

BOP
< 50%
> 50la

# teeth pr€sent
>
<25

t=-2.3,p<0,02

(96.8) 1S (92.8)
(3.2) 75 (7.2)

x2 = 2.2, 1d4 p = 0.11

(94.2) 183 (88.0)
(5.8) (12.0)

x2 = 4.0, 1d4, p < 0,05

(81.8) 746 (70.2)
(18.2) æ, (29.8)

x2 = 6.4, 1df, p < 0.01

(85.2) 155 (77.\)
(14.8) 4 (22.9)

x2 = 2.5,t df, p <0.72

(91.0) 775 (87.1)
(9.0) % Í2.9)

x2 = 1.2 ldtp=0.28

(74.0) 1n (61.1)
(26.0) 81 (38.9)

x2 = 6.69, 1clf,p<o.oo9

(61.4) 4 (46.5)
(38.6) 48 (53.5)

x2 = 3.1, 1d{ p = 0.08

(29.0) 44 (39.6)
(71.0) s7 (60.4)

x2=2.7,rdf,p=o.rL

(32.5) 79 (38.0)
(67.5) 1E (62.0)

x2 = r.2,r dÍ,p = o.2a

(81.4) 12. (62.9)
(18.6) 72 (37.1)

x2 = 14.b, 1df,p<o.oo2

x = 277.27
sE = 42.9

x = 428.29
sE 49.1

149

5

745
9

1

14I
t4

t14
&

35

n

7T

m
104

127

84
61

119

n

1.91

2.20

1,48

1.83

0.62

0.78

2.59

(1.25 - 6.69)

(0.98 - 4.94)

(1.14 - 3.19)

(0.88 - 2.80)

(0.72 - 3.05)

(1.14 - 2.89)

(0.91 - 3.67)

(0.35 - 1.12)

(0.50 - 1.23)

(7.56 - 4.26)

(1.18 - 2.88)

(1.41- 4.30)

(2.03 - 4.94\

(57,9) 80
Ø2.Ð 7Ur

x2 = 7.5, 1df, p = 0.006

(84.4) 7% (68.7)
(15,6) æ (31.3)

x2 = 7.50, 1d4 p < 0.006

lG (66.9) 81 (38.9)
51 (33.1) 127 (61.1)

(42.8)
(57.2) 7.U

2.47

x2 =22.64, td4,p <0.000t
Analysìs done usiDg logistic regression and based on C¡ite¡ion F_* #cig years = # ciglday x #years smoked (coÂtinuous measu¡ea)

3.77
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who were not employed fulvpart time compared to aII others. There was no

significant difference in income between case and controls, x2 = 1.6, 1df, p =
0.2r.

Behaviors

When health compromising or promoting behaviors were
considered, infrequent dental visiting was found signifrcantly more among

cases (7O.IVo) than among controls x2 = 4.6,ldf, p < 0.0g, OR = 0.62, CI = O.40

- 0.97. There was a 0.62 times reduced risk among those who reported to

have regular dental visits compared to those who did not. A signifrcantly
greater proportion of controls reported neveï to have smoked (56.|vo) ti'a.
cases x2 = 5.3,1 df, p < 0.02, OR = t.64, CI = 1.g7 - 2.51. There was an

increased risk of 1.64 times for those who reported ever to have smoked

compared to never-smokers. There was also a significant difference

between cases and controls in the mean number of cigarette years,
(#cigarettes/day x # years smoked) with controls mean = 277.27, SE = 42.g

and cases = 428.29, sE = 49.1, p < 0.02. A categorical cigarette index was

introduced to reflect total life-exposure to smoking. (Further multiplying
the cigarette index by 365 would indicate the total #cigarette exposed to in
one's lifetime.) There ìtras no significant difference between cases and

controls regarding reported frequency of toothbrushing, x2 = 0.08, 1 df, p =
0.85, or flossing, x2 = 0.08, 1 df, p = 6.79.

Chronic Conditior¡s and Diseases:

A signifrcant difference between cases and controls was observed

when chronic diseases/conditions were considered. There was a greater
proportion of individuals who reported a history of diagnosed hypertension

among cases (29.88Vo) than controls (l8.2va), x2= 6.4, 1 df, p < 0.01, oR =
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1.91, cI = 1'r4 - 3.19. Those with a history of diagnosed hypertension had an

increased risk of 1.g1 times compared to those without the condition. A
similar pattern was found for a reported history of any ischemic heart
disease (including MI, Angina pectoris, or A¡terio/Atheroscrerosis), cases

(I2.0Vo), x2 = 4.0, 1 df, p < 0.05, OR = 2.20, CI = 0.98 - 4.94. There was a trend
for more cases to have a history of diagnosed diabetes (7.ZVo¡, *z = 6.4 1 df, p

= 0.11, OR = 2.32, CI = 1.25 - 6.69, and systolic blood pressure > 140 mmÆIg

(22.9Va),x2=2.5,1df, p = 0.12, OR - 1.52, CI = 0.88 - 2.80. No difference was

observed regarding diastolic blood pressure > 90 mmÆIg, x2 = 1.8,1 df, p =
0.27. A signifrcantly greater proportion of controls failed to report a history
of HBP or to have SBP > 140 or DBp > 90 mmÆIg (HBp Combo), x2 = 6.69, L

df, p < 0.01, OR = 1.82, CI = 1.14 - 2.89. This latter ,,Combo,, variable was

introduced to increase the number of individuals who had any past

evidence of hypertension (n = 121), either through diagnosis by physician (n

= 90) or through clinical records of elevated SBp > 140 mm/Hg (n = 69) or
DBP > 90 mm/Hg (n = 49; from existing secondary data. Although
difference between cases and controls was more signiflrcant using *combo,,

than "diagnosed hypertension',, it produced a lower OR.

Medications:

Regarding the medications estrogen/progesterone and anti_
inflammatory agents, no significant differences were found between cases

and controls. There was also no difference observed in terms of exposure to

life-stress x2 = 1.2, 1df, p = A.!9.

DentaV Oral tr'indings:

when dental observations were considered, the difference between

cases and controls was signifrcant for: a) pS when categorized as:0 _ 66Va
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versus> 67Vo,x2= 14.5, 1df, p< 0.0002, OR= 2.59, CI= 1.56 _4.26;or as < 0 _

507o versus > 50Vo,x2= 7.50,1 df, p < 0.006, OR = L.84, CI = 1.18 _ 2.88,

controls consistently had lower plaque scores and less risk for a history of
periodontitis than cases; b) BoP when categorized as: 0 - Elvo versus > 50va

x2 = 7.50,1 df, p < 0.006, OR = 1.84, CI = I.4I - 4.S0 whereby cases had higher

BOP and increased risk than controls; c) ,number of teeth present, when

categorized as < 25 versus > 25 teeth present showed a signifrcantly higher
proportion of controls (66.gVù with > 25 teeth present, x2 = 27.64,1 df, p <
0.0001, oR = 3'17, cr = 2.03 - 4.g4. There was a signifrcant increase in risk
for those with < 25 teeth present compared to those with > 25 teeth present.

Presence of 25 teeth was selected for further analyses rather than 10 or 20

teeth as the latter two showed no significant difference between cases and

controls.

The apparent risk of the aforementioned explanatory variables was

estimated by their unadjusted odds ratios. The unadjusted oR is able to

correctly indicate whether an exposure increases or reduces the risk of
disease, but the magnitude of the effect may be overestimated or

underestimated when key confounding variables are not controlled
(Schlesselman 1982). Adjustment is discussed in section g.7.5.

8.7.4. Test For Dose-Re.sponse

Logistic regression analysis was used to determine whether any of
the signifrcant explanatory variables had a dose-response effect on a history
of periodontitis. Logistic regression is considered a basic model for dose-

response relationships (Cornfield et al, 1961).
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The Dose-Response Effect of the following variables was tested:

1.
2.

4.
5.
6.
7.
8.

Age. Category: 85 -54;55-64; > 65 years
# C_igarettes/Day: 0; 1 - 11; 12 - 25;226
# Years Smoked: 0; 1-5; 6 -tS;rc-ZS;>ZA
Cigarette-Index: 0;I-250;251-500;>5¡0
Cigarette-Index: 0; 1- 50; 51 - 800; >'800Cigarette-Index: 0; 1- 800; 801 - 5ô0; > 500
ll"qg: Category: 0 - BBVo;84 - 66Vo; ¿67Vo
Bleeding On Probing: 0 - BBVo;84 - 66Vai) 67,/o

The results of the unadjusted dose response odds ratios are reported

in Table 8'12. Bleeding on probing demonstrated a significant dose

response effect with an increased OR = 2.42 CI = 1.49 _ 8.96 for those with 84

- 66vo BoP and oR = 6.18, cI = 2.02 - 8.07 for those with > 67va Bop w]'en
compared to those wit]' < SBva Bop. There was a signifrcant dose-response

effect with age whereby those aged 55 - 64 years had an OR = 2.90, CI= 1.61 _

4.85, and those > 65 years had an OR = 6.0g, CI = B.gg _ 11.11, compared to
those aged 35 - 54 years. There was no dose-response effect for number of
cigarettes/day but, there was for number of years smoked. These two
variables were combined to provide information on total life-time exposure

to cigarette smoking in the variable, number of cigarette_index. There was

a dose-response effect of the cigarette-index regardless of how it was

categorized. A decision was made to categorize it 0; 1 _ 800; S01 _ 500; and >
500 for subsequent analyses. The dose-response effect of plaque was

significant.

8.6.5 Age- and Gender-Adjusted Odds Ratios:

To investigate whether the crude disease_exposure association

continued to exist when adjustment was made for potential confounding

variables, and to determine whether the magnitude of the odds ratio was



TABLE 8.12 Dose response to key explanatory variables (unadjusted)

Overa¡I
(n = 362)

Contuol
(n = 154)

Case
(n = 208)

Odds Ratio
(cIÐóEa)

Age(group) 35-M
55_64
>65

#Ciglday 0
1- 11
t2 _25

>26

*Year/Smoked 0
1-5

6_15
L6_25
>26

Cig index* O

t_250
251_ 500

> 500

Cig index* 0
1_50

51- 300
> 300

Cig index* 0
1-300

301 _ 500
> 500

Plaque 0 -33%
34 _ 66Eo
> 67Vo

30 missing

Bæ 0 -33Va
34 - 66Va
> 67Vo

23 ûìissi¡s

184 (50.8) 108 (58.?) 76Ør3) 1.00
2.90 (1.61 - 4.8)

6.08 (3.33 - 11,11)

1.00
7.54 (0.87 - 2.73)
L.65 (0.98 - 2.77)
2.08 (0.68 - 6.37)

1.00
1.05 (0.51 - 2.15)
0.86 (0.44 - 1.69)
1.72(0.88 - 3.38)

4.62 (2.LO - 70.L9)

1.00
L07 (0.65 - 1.77)
1.89 (0.88 - 4.08)
4.20 (1.90 - 9.32)

1.00
1.04 (0.51-2.03)
1.23 (0.68-2.19)
3.00 (1.61-5.56)

1.00
1.10 (0.68 - 1.78)
1.86 (0.85 - 4.06)
4.22 G.rS - 9.35)

1.00
r.2o (0.77 - 2.05)
2.38 (1.31 - 4.34)

1.00
2.42 (7.48 - 3.96)
6.18 (2.02 - 3.07)

95 (26.2) 18 (18.9) 7? (81.1)
Chi Square x2 = 43.9, 2df, p < 0.0001

r79 (49.4) 8? (48.6) 92 (5L.4)
71 (19.6) 27 (38.0) 44 (62.0)
96 (26.5) 35 (36.5) 61 (63.5)
76 (4.4) 5 (31.3) 11(68.8)

Chi Square x2 = 5.57, 3df, p < 0.14

83 (22.9) 28 (33.7) 55 (66.3)

L79 (49.4) 8? (48.6)

53 (14.6) I (17.0) 44 (83.0)
Chi Square xz = 19.9, 4df, p < 0,0005

t79 (49.4) 8? (48.6) 92 (5L.4)

38 (10.5)

48 (13.3)

98 (27 .1)
36 (9.9)

t8 (47 .4)
23 (52.3)
17 (35.4)

46 (46.9)
12 (33.3)

92 (57.4)
20 (52.6)
2L (47 .7)
31 (64.6)

32 (53.7)
24 (66.7)
40 (81.6)

92 (51.4)
23 (52.3)
36 (56.2)
57 (76.0)

49 (13.5) 9 (18.4)
Chi Square x2 = 16.43, 3df, p < 0.0009

779(49.4) 87 (48.6)
44 (72.2) 2L (47 .7)
64 (I7.7) 28 (43.8)
75 (20.7) 18 (24.0)

Chi Square x2 = 16.43,3df, p < 0.0009

179 (49.5) 8? (48.6) 92 (57.4)
108 (29.8) 49 (45.4) 59 (54.6)
26 (7.2) I (34.6) 77 (65.4)

49 (13.5) I (18.4) 40 (81.6)
Chi Squa:.e xz = f0.64,2df, p < 0.005

99 (29.8) 51 (51.5)

94 (28.3) 29 (ts0.9) 65 (69.r)
Chi Square x2 = 9.30,Zdf, p < 0.01

195 (57.5) 101 (51.8) s4 (48.2)
117 (34.5) 36 (30.8) 81 (69.2)

139 (41.9) 65 (45.8)
48 (48.5)
7 4 (53.2)

27 (8.0) 4*+ (14.8) 23 (85.2)
Chi Square x2 = 22.0, 2df, p < 0.0001

cig index = # cig/day x # years smoked
few values in cells
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increased or diminished by the adjustment, Logistic Regression analysis

was carried out for each potential explanatory variable.

Since both age and gender have previously, and in the current study,

been correlated with a history of periodontitis (Milter et al 19gz; van der

veiden 1991; Machtei et ar rgg2; Locker and Leake 19gB), cases and controls

were analyzed using logistic regression where, in addition to entering the
explanatory variable of interest, both age and gender were also entered into
the model. This was done to control for effects of age and gender on the
dependent variable. The effects of age and gender were conceptually 'held

constant' through this analysis, although not experimentally.

To determine whether age-categories were sim ar to continuous age

for oR analysis, both were carcurated. Arthough there were no differences

in the results, use of continuous age adjustment appeared to be more

discriminating. continuous age adjustment was therefore used for all
further analyses. The results of both methods of age-gender adjustment are

reported in Table 8.13.

Once age-gender adjustments were made, only six explanatory
variables demonstrated an increased risk for periodontitis. The results of
age (continuous) - gender adjustment were as follows: 1) Marital status:
Those who were single had an increased risk of 1.g1 times (95va cr 7.L0 -

2.97) compared to those with partners; 2) Ever smoke: Those who reported

ever to have smoked had an increased risk of 1.g2 times (g|vo cr l.7B - 2.g2)
compared to those who had never smoked; B) # ciglday: Those who smoked

> 16 cigarettes per day had an increased risk of 2.r0 (9svo cr r.r7 - g.7g)

compared to those who smoked 0 - 15 per day; 4) plaque Score: Those who

had a plaque score > 67vo l'ad an increased risk of 2.03 tímes (g|va cI 1.16 -

3.55) compared to those who had < 67Vo plaque score. Similar|y, pS > E0%

had an increased OR = 1.71 (95Vo CI 1'05 - 2.77);5) Bleeding On probing



TABLE 8.13 Odds Ratios (unadjusted, age and gender-adjusted) for key explanatory
variables

Va¡iable ury$l5tf4 oR Aeie (cat) & gþnder Age (contin) & gender(95/oCI) adusr€d OR (95ø¿ CI) adjusted OR (9ã% CD

Sociodemographic
Facto¡s:
Age (group)
Gende¡
Marital status
Education
Occupation
fncome
Employment

Behaviors:
Toothbrushing
Flossing
Dental visits
Ever smoke
# Cig (> 16/day)

Cluonic conditior¡s:
Diabetes
Any ischem
Diag hyper
SBP > 140
DBP > 90
HBP combo

Medications:
Anti-inflammatory
Estrogen

Othen
Stress

Oral findings:
Plaque score (67Va)
Plaque (507o)
Bleeding (507¿)
# Teeth present < 25

4.08 (2.59-6.43)
r.62 (7.04-2.5r)
r.77 (7.07 - 2.72)
1.67 (1.09 - 2.56)
1.56 (1.21- 2.95)
1.31 (0.85 - 2.0)

2.r7 Q.4t - 3.26)

0.93 (0.45 - 1.93)
0.93 (0.57 - 1.52)
0.62 (0.40 - 0.97)
r.64 (t.07 - 2.57)
2.0 (1.16 - 3.44)

2.ts2 (1.25 - 6.69)
2.20 (0.98 - 4.94)
1.91 (1.14 - 3.19)
1.57 (0.88 - 2.80)
1.48 (0.72 - 3.05)
7.82 (r.r4 - 2.89)

1.83 (0.91- 3.67)
0.62(0.35-1.12)

0.78 (0.50 - 1.23)

2.59 (L.56 - 4.26)
1.84 (1.18 - 2.88)
2.47 (1.41 - 4.30)
3.L7 (2.03 - 4,94)

1.86 (1.13 - 3.06)
1.07 (0.66 - 1.73)
r.29 (0.66 - 2.54)
0.98 (0.61-1.58)
1.16 (0.66 - 2.04)

0.67 (0.30 - 1.49)
0.93 (0.55 - 1.57)
0.70 (0.43 - 1.14)
1.73 (t.08 - 2.77)
2.20 (7.27 - 3.99)

1.56 (0.51 - 4.73)
t.06 (0.45 - 2.52)
7.26 (O.57 - 2.2t)
0.84 (0.4 - 1.61)
0 .92 (0 .42 - 2.0t)
1.11(0.67-1.89)

1.34 (0.64 - 2.83)
1.27 (0.53 - 1.98)

1.11 (0.56 - 1.45)

1.87 (1.07 - 3.25)
L.54 (0.95 - 2.49)
2.32 (7.28 - 4.L7)
2.03 (1.23 - 3.33)

1.81 (1.10 - 2.97)
1.07 (0.66 - 1.72)
1.29 (0.66 - 2.51)
1.08 (0.68 - 1.71)
1.18 (0.68 - 2.06)

0.66 (0.29 - 1.47)
0.86 (0.51 - 1.46)
0.70 (0.43 - 1.13)
1.82 (1.13 - 2.92)
2.I0 (7.L7 - 3.79)

1.65 (0.55 - 4.93)
0.99 (0.41- 2.37)
r.28 (0.73 - 2.23)
0.89 (0.47 - 1.69)
0.92 (0.43 - 2.O0)
1.16 (0.69 - 1.93)

1.35 (0.64 - 2.84)
1.02 (0.53 - 1.98)

0.91 (0.57 - 1.47)

2.03 (1.16 - 3.55)
7.77 (I.05 - 2.77)
2.40 (7.33 - 4.32)
2.06 (1.26 - 3.39)



Score: Those who had a P.OP > 50Vo had an OR = 2.40 (g5 Vo CI L.BB _ 4.82);6)

# Teeth Present: There was an increased adjusted OR = 2.06 (95Va CI 1.26 _

3.39) for those with < 25 teeth.

These results indicate that failure to adjust for age and gender would

have produced misieading results that is, ,simpson's paradox, (Simpson

1951; Rothman 1986).

8,6.6 Age-Gender Adjusted Dose Response

There continued to be a dose response effect after age-gender

adjustment for the cigarette index (# cigld,ay x # years smoked). There was

an increased OR = 1.26, CI = 6.75 - 2.18 for those who had a 1_ 800 cig.

index; OR = 2.14, CI = 0.93 - 4.92, for those with g01 - 500 and OR = 4.36, CI =
1.89 - 10'06, for those with > 500 compared to those with a 0 cigarette index.

There was also an age - gender adjusted dose-response effect of Bop. Those

with 34 - 66Ea BOP had OR = 2.22, CI = L.B2 - 8.25, and those > 67 Va F,Op ]'ad,

and OR = 7.69, CI = 2.42 - 24.88, compared to those with BOp of 0 _ BBVo.

There was a hint of a dose response with increasing levels of pLAeuE. The

OR = 1.18, CI = 0.67 - 2.07, for those with B4-66Vo plaque and OR = 2.24, CI =
1.I7 - 4.3L, for those > 67Vo plaqte compared to those with < BBVo plaqu,e.

Therefore, the dose response effect of praque was not used in subsequent

analyses but rather < / > 50Vo or < / > 67Vo plaqoe. The results are reported

in Table 8.14.
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TABLE 8.14 Dose response to key explanatory variables: age and gender adjusted

BOP
34 - 66Vo 2.22 (1.32 _ 3.75)
> 67%

0
1-300
301- 500
>500

0 - 33V.
34 - 66Va

67Vo

8.8 MI,]LTIVARIATEANALYSES

8.8.1 Preliminaries To Model Building

Logistic regression analysis has previously been proposed for
analysis of individual and joint effects of a set of variables on the risk of
disease in cohort studies (Cornfreld et aI 1g61; Schlesselman, 19g2). The
logistic regression model may be applied to the analysis of data from case_

control studies as well (Anderson, 1g7s). Logistic regression is used when

the outcome is binary, such as in the current study (case vs control). The
ìogistic transformation of the procedure forces the predicted probability to
stay within the limits of 0 - 1, no matter what the values of the explanatory
variables are. It also permits reproduction of the sigmoidar exposure/risk

curve by transforming the curve into a simprer linear relationship. This
transformation allows a risk to be linked to a set of explanatory variables.

The resulting logistic model specifres that the probabitity of disease

depends on a set of variables xr, x2 . . . , *1 ; as in:

(p)
In

(1-P)

la+(brør) + (bzxù + (bi ø i)l

Cig index
(#cig day x #yrs smoked)

PIaque

7 .69 (2.47 - 24.58)

1.00
r.26 (0.75 - 2.r3)
2.14 (0.93 - 4.92)
4.36 (1.89 - 10.06)

1.00
1.18 (0.67 - 2.07)
2.24 (r.17 - 4.3L)

(Kalm and Sempos 1989)
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Where ln indicates the use of the natural (base e) Iogarithm; p/l_p

denotes the chance of disease divided by the chance of not having disease

that is, the odds of disease; "a" indicates the intercept, which measures the
Iog odds of disease when the explanatory variabres take their zero or
baseline value; "b's" represent model parameters and are therefore the log

odds ratio measuring the increase or decrease in odds of disease

corresponding to a one unit increase in the varue of the expranatory variable
after the possible influence of the other model variables has been controlled

for or eliminated (Schlesselman 1982; Hassard 1992).

Multiple logistic regression analyses were employed to examine the
interrelationship and association of the explanatory variables of interest to
one another and with a history of periodontitis. Assessment of outliers and
collinearity preceded model building.

Outliers:

Age was the only continuous variable to be used in model building.
Outliers were assessed using a scatterplot. There were no outliers and age

was normally distributed among the total study population (n = 862) as well
as within cases and controls.

Collinearit¡a

collinearity or the high correlation between variables (Last 19gg) was

assessed using chi square cross tabs for categorical-categorical variables;

Iinear regression for continuous-continuous variables; ANOVA for
continuous - > 2 categorical variabres; and t-tests for continuous - 2 category

variables. Analyses were made of the OvERALL study population (n = 862)

as well as for CONTROLS (n = 154) alone and CASES (n = 20g) alone in
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order to determine whether aII groups experienced similar correlation
patterns.

Results of the analyses indicated that there was significant
correlation between a number of explanatory va¡iables and that the pattern
of correlation was consistent among the OvERAJ-,L, coNTRoL and CASE

groups.

AGE: Increased age was correlated with a decrease in education and
income and a decrease in number of teeth present but with an increase in
ischemic disease, hypertension and diabetes.

GENDER: Being male was correrated with ress frequent toothbrushing and

less regular visits to the dentist but with an increased history of ever
smoking and increased number of cigarettes/day, cigarette index, plaque

score, ischemic disease, bleeding on probing and increased income.

MARITAL STATUS: Having a partner was correlated with having a

higher family income and higher bleeding on probing.

EDUCATTON: Having a higher education was correrated with increased

income, more frequent toothbrushing and dental visits, having > 20 teeth
and > 25 teeth as well as with an increased history of ever smoking but with
decreased number of cigarettes/day, cigarette index, ischemic disease,

hypertension and plaque score.

TOOTHBRUSHTNG: More frequent toothbrushing was correrated with
decreased ever smoke, number of cig/d.ay, cigarette index, plaque but with
increased dental visits and with having > 20 teeth.

TNCOME: There was a trend for higher income to be correrated with
decreased ischemic disease and hypertension and the presence of > 20 teeth
and > 25 teeth.
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1)

REGUT,AR DENTAL vrsrrlNG: There was arso a trend for regular dentar

visiting to be correlated with decreased cigarette index, hypertension,
plaque and bleeding on probing but with an increase in having > 20 teeth
and > 25 teeth.

PLAQUE: A higher proportion of those witin <67Vo plaque have > 20 teeth.

The results of the colrinearity anaryses were used to serect the most
appropriate variables from associated pairs.

Preliminary Model Pararneter Decisions:

Stepwise Multiple Logistic Regression:

Since assessment of collinearity suggested that the effect of one

variable could be mediated by another variable, backward stepwise

multiple logistic regression was used to determine the impact of
specifrc variables on the coefflrcients of the remaining variables by
deleting variables from the models equation (cramer 1gz2; snedecor

and Cochran 1980).

FuIl Versus Reduced Models:

The process of model building involved deciding which parameters

were most informative and suitable for inclusion. Although Bop and

number of teeth present appeared to be strongly associated with a

history of periodontitis, there \¡/as concern that, as ma¡kers of
periodontitis, they could potentially mask the effect of other
explanatory variables.

Age-Stratification:

Since the effect of age appeared to influence many of the explanatory

variables, a decision was made to stratify the total study population,

o\

.))
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aged 35 - 87 years (n = 362) into two age groups, B5 _ 54 years (n = 1g4)

and > 55 years (n = 178) in an attempt to determine whether the two

age groups were influenced differently by the explanatory variables.

A model was built for each age group:

35 - 54 year olds
> 55 year olds

4) Model Testing:

The adequacy of frt of each model was tested by two methods: 1) The

likelihood ratio test was used to determine whether a variabre
contributed to the explanation of a history of periodontitis. 2) The
goodness of frt chi-square test was used to assess whether the frnal
model fit the data adequately.

F ULL MODEL #1 (all ages):

Initial analysis was completed using backward stepwise logistic
regression. Backward stepwise logistic regression was performed to
identify the best-fitting moder which described the rerationship of the
dependent variable and the set of explanatory variabres among the total
population. The initial model consisted of all variables which had, through
univariate and bivariate analyses, demonstrated a signifrcant unadjusted
OR or siþnifrcant dose-response effect: age (continuous), gender, marital
status, employment status, regularity of dental visits, history of ever
smoking, diagnosed hypertension, plaque score, number of cigarette index
dose response, BOP dose response and number of teeth present. The
significance level was set at 8.84. The resurts of the first BACKWARD step

are reported in Table 8.15a.

Backward stepwise logistic regression proceeded to identify and
remove the smailest z-ratio and subsequentry refrt the moder with the
remaining main effects. Backward analysis was completed by removing
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effects one at a time unt the best-fitting moder was reached. No
interactions were identiflred. The frnal BACKWARD model included: age,

number ofteeth, BoP, and cigarette-index > 500 as reported in Table g.15b.

Normal multiple logistic regression was run on the FULL MODEL.
The parameters selected for entry were those which resurted from
backward stepwise multiple logistic regression plus age and gender
(adjustment) and any required dose- response dummy variables. The beta
estimates, sE, and p-values of the FULL MODEL #1 are reported in Tabre

8.15c' The influence ofboth Bop and number of teeth present on a history of
periodontitis was strong. In fact, so strong that their presence appeared to
mask the effect of other expranatory variables. when Bop and number of
teeth present were included in the FULL MODEL for the entire study
population, only age and the cigarette-index were signifrcant variables. In
order to look more thoroughly at other potential explanatory variables, the
risk markers BoP and number of teeth were eriminated from subsequent

analyses of MODEL #1.

Tables 8.15 (a - c)
Table 8.15 a - FuIl Model #1 ¡Backward Stepwise Multþle Logistic Regression

SepOne

4se at H&E 4.21 0.01 B.Be 'p .¡¡¡ãGender o.4O 0,s0 1.A2 'p 
= ô.1äMarital 0.60 0.s0 s.g8 þ . o.oãEmploy 0.14 0,34 0.18 i; = õ.684ppt" 0.06 0.29 o.o4 p = o:s;

Smoke ever - 0.91 1.07 O.O9 þ = O.izHBP Dias o.o7 o.s4 0.04 þ = o.e+
lþgr" o.z2 o.2B 0.61 þ = o.+e
BOP 34 - 66% 0,84 0,s j 7.47 d . O.ooO
BOP ¿67o/" 1.SZ 0.64 5.66 'p.ôJ2
Teeth < 25 0.67 0.30 S.01 þ . o.Oãcisindexl-3oo 0.34 1.09 0.11 p=0.1Ã
Cig index so1 - soo 0.72 O.g2 0.61 Þ = 0.44Cisindex>soo j.S9 1,1S 1.91 b=O.fZ
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Table 8.15 b - Result of Backwarrl Stepwise: FuIl Model #1

Age at H&E 0.0S
Cig index > soo 1 .gB
Teeth < 25 0.68
BOP 34 - 66% 1.70

0.01
0.48
0.28
0.61

15.58
8.29
5.76
7.69

p < 0.0001
p < 0.004
p < 0,02
p < 0.005

Table 8.15 c - Result of Normal
- 3.1

Full Model #1
p < 0.0001
p < 0.0001

P = 0'27
p < 0.008
p < 0.003
p < 0.01
P = 0.65
P = 0'16

< 0.004

Age
Gender
BOP 34 - 66%
BOP > 67%
# Teeth < 25
Cig index l - 300
Cig ¡ndex 301 - 500
Cig index > 500

0.05
0.29
0.72
1.81
0.70

- 0.13
- 0.61
t.J3

0.01
¿6.1 I
16.28
1.20
7.O4
9.1 5
6.60
0.21
1.95
8.43

0.26
0.27
0.60
o.27
0.28
0.43
0.47

8.8.2 Reduced Model #1:

Total Study Population:

REDUCED MODEL #1 was formulated using the same process as

described for the FULL MODEL #1 except that Bop and number of teeth

were excluded from the model.

When BOP and number of teeth were not included in analysis,
marital status and plaque were signifrcant along with age and cigarette
index. The goodness of frt Chi-square test value was x2 = 68.gg, Z df, p <
0.0001 showing that the model fit the data adequately.

The results of the first BACKWARD step, the final backward

stepwise model and the beta estimates, SE, OR, CI, and p_values are

reported in Tables 8.16 a-c.
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Tables 8.16 (a - c)

Table 8.16 a - Reducecl model #l backward stepwise multiple logistic regression

StqOne

V

Ase at H&E ' o.ss O.o1 16.s9 þ. o.óõoìcender 0.35 o.2B .f .60 ' p = o.tiMarital Status 0.61 o.2B 4.82 þ. o.õgEduc cr 12 - o.22 o.27 o.6s 'e 
=ó.iáEmployment O.1g O.g2 0.33 þ = O.S7Appointments - o.2B 0.27 1.oB ¡ = õ.ãóSmoke ever -0.52 1..10 O.2g i;=õ.6ãf._clsl9rv -0,33 o.s3 o.3e þ = ó.sãHBP Diagnosed O. j4 O.g2 O.2O þ = O.OO

P¡aque 50% 0.42 0.26 2.87 þ = õ:iiCig index 1 - 300 0.68 1.04 0.42 þ = O.SZCig index 301 - 500 1.OB 0.93 1.gg b = o.ãs
C¡g index > 500 2.1 I 1.14 3.42 p = 0.06

Table 8.16 b - Result of backward stepwise: reducecl model #1

Age at H&E
Plaque 50%
Marital Status

0.57
0.49
o.57

0.01
o.25

31.43
3.90

p < 0.0001
p < 0.05

Estimate So ua re

lntercept
Age at H&E
Gender
Mar¡tal Status

Square
B eta

.61 35.91 p < 0.00010.06 0.01 ãã.ãs õ ì ö:ööði 1 ¡6 1 .04;.oB0.32 0.26 1.45 p=0.23 1 .37 0.85 - 1 .890.57 O.27 4.60 p < O.O3 1.72 1.24 _ Z.gOPlaque 50% 0.44 0.25 3.oB ã = o.oe 1.5S 1.ob _ 2.os
Cig index 1 - s00 0.zz o.za 0.6s þ = o.+s 1.24 o.oé _ l.iscigindexsol-soo o.sg 0.44 1.7s þ=o.rs 1.7g 0.9i _ 2.66Ciq index> 500 1.33 O.4S 8.94 p . O.OO3 g.BO Z-g1 _ 4.69

AD.ruSlEDODDSRAilOS:

The model parameter estimates were used to calculate the OR and

associated C.I. for each explanatory variable in REDUCED MODEL #1.

There was an increased risk of 1.06 times with each added year for
those who were > 55 compared to those who were 85 - 54 years ord, cI = r.04 -

1'08' Males had an increased oR 1.Bz times that of females although the

Table 8.16 c - Result of normal muÌtiple logistic regression: ¡educed moclel #1
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difference was not signifrcant, cI = g.g5 - 1.gg. single individuals had an

increased risk of 7.77, cr = L.24 - 2.80, compared to those with partners.

Those with > 50vo praqre had an increase risk of 1.55 times compared to
those with < 50vo, cr = 1.05 - 2.05. There was a signifrcant dose response

effect of the cigarette index whereby those who had 1 - 800 cigarette index
(i.e., # ciglday x # years smoked) had an increased risk of 1.24 times, those

with 301 - 500 cigarette index had an increased risk of 1.7g times and those

with > 500 cigarette index had an increased risk of B.g0 when compared to
nonsmokers. Results are reported in Table g.16c.

Model #1 Predictive Abilities:

using a subfunction of NCSS murtipre logistic regression, this model

was found to correctly classify 64.BBvo of the control s and. 7 B.govo of ti'e
cases, accounting for 69.88Vo overall correct classifrcation.

using beta estimates for each parameter in the model, the probab ity
of risk was calculated for various scenarios in the study population using
the following formula:

p=
1 + exp -[ (a) + (bl x 1) + (bz x 2) +(b¿ x l)]

(Kah¡r and Sempos 1989)

Scenario a:

Male, 40 Years OId., Single, > 50Va plaque,0 Cig - index

"t
I + exp- [C3.67)+ (.06x40) + (.82x 1)+(.57 x 1) + (.44x 1) + (0)]

I + 0.06
o.52 52Vo
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Those in the study popuration who fit this descripti on have a E2va

chance of being a case.

Scenario b:

Male, 65 Years Old, Married, < 50Vo plaque,0 Cig - index = 68Zo

Scenario c:

Female, 45 Years, Mar.ried, > 50Vo plaqve,l - 800 Cig - jndex = 42Va

8.8.3. Age - Stratified Model Building

8.8.3.1 Full Model # 2a

Ages 35-54 Years (n=175)

Prior to building a model for the younger stratified age group, cases

were compared to controls regarding exposure to explanatory variables

using Chi square and t-test analyses for categorical and continuous data.

In addition, un-adjusted odds Ratios were calculated for each explanatory

variable using logistic regression. Results are reported in Table g.12.

Among those aged 35 - 54 years, there were no difference between

cases and control except for the following variables: There was a higher
proportion of cases (6I.8Va) that had a history of ever smokin E, x2 = 4.88, 1 df ,
OR = 1.88, CI = 1.02 - 3.46, p < 0.04 compared to controls. There was a

signifrcant difference in mean number of cigarette years (# cigld,ay x # y.s
smoked) with cases experiencing a higher mean (41g.g3 or 188,287.95

cigarettes) versus controls (221.14 or 80,716.10 cigarettes) t = _8.44,95 df, p <

0.0009. There was a higher proportion of controls with lower plaque scores

compared to cases i.e.,60.8Va of controls inad < 50Va plaque, p = 0.06

Although not being used for further analysis, similar results were found

with BOP as measured by 50Vo (B5.0Vo) and 67Vo (96.0Vo) xz = 7.t5,1 df, p <



TABLE 8,17 Explanatory variables: comparison of cases and cont¡ols (age J5 _ 54)

Sociodemo.
graphic FactÐr6:
Age at H&E
(yea¡s)

Gende¡

Marital status

Education

Occupation

I4come

EmploymeDt

Behaviors¡
Toothbrushing

Flossing

Dental viÊits

Eve¡ smoke

#cigyea¡s

(coqtinuous)

Ch¡onic cond/
I)iseases:
Diabetes

Diag hyper

SBP
> 140 mmÀg

Pro f,ß4arâser
Othe¡s

¡ $25,000
< $25,ooo

FT/PT
Othe¡s

0.87 - 2.93

0.72 - 2.60

0.67 -2.33

0.76 - 2.33

0.74 - 2.56

0.41 - 1.61

0.52 - 4.20

0.5 - 1.97

0.32 - 1.13

1.02 - 3.46

Female
Male

x= 43.23 (SE= x=44.11 (SE
0.50) 0.63)

n=108 n=76
t t€st, t = -1.10, 182 d{

P=027

69 {63.9) 40 152-6)
æ (36.1) # (47.4)

Chi Squa¡e x2 = 2.44, 1 df, p = 0.18

Chi Square x2 = 0.52, 1df, p = 0.4?
2r (19.4) I (11.8)
87 (80.6) 6./ (88.2)

Chi SquaÌe x2 = 1.89, 1 dt p = O.tZ
72 (66.7) 45 (59.2)
36 (33.3) 31 (40.8)

Chi Square x2 = 1.07, 1df, p = O.SO
78 (72.2) 58 (76.3)
n Q7.8) 18 (23.7)

Chi Square x2 = 0.39, 1df, p = 0.53

100 (92.6) 68 (89.5)
I (7,4) 8 (10.5)
Chi Squùe x2 = 0.55, I df. p = 6.46(zs.r) 18 (23.7)

83 (76.9) 58 (76.3)
Chi Square x2 = 0.01, 1df, p = O.9B

60 (56.1) 51 (68.0)
47 (43.9) % (32.0)

Chi Square x2 = 2.64, 1 df, p = o.rt
58 (53.7) 29 (38.2)
50 (46.3) 47 (61.8)

Chi Squa¡e x2 = 4.44, 1df, p < 0.04
x=22I.74 (SE = x = 419.8 (SE =37.5) 44.3)

t = -3.44, 95 df, p < 0.0009

Pa¡tner n ?LB) 49 (64.5)
Sjngle 31 (28.7) n GS.5)

- Chi Squa¡e x2 = 0.96, 1 df p = O.3A
> G¡ade 12 71 (65.7) 46 (60.5)
< Grade 12 n ß4.3) 30 (39.S)

1.59

1.37

t.47

1.80

1.38

¿ 1/day
< \/day

> l/day
< 1/day

No
Yes

No
Yes

0.97

0.60

1.88

Yes/
Bo¡de¡line

No
Yes

No
Yes

0.34-
13.86

0.48 -2.71

0.27 - 2.a9

106 (98.1) 73
2 (r.9) 3

(96.1)
(3.9)

Chi Squa¡e x2 = 0.74
94 (87.0) ô5 (85.5)
14 (13.0) 11 (14.5)

Chi Square x2 = 0.09, 1 df, p=0.77
92 (92.0) 65 (92.9)
I (8.0) 5 (7.1)
Chi Squa.Ìe x2 = 0.04, l dl p = 0,84

2.78
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DBP
> 90 mm./hg

Any ischemic

HBP combo

Medicatio¡:
Anti-inflam

Estrogen

Plaque

BOPEA

# teeth < 25

No/Slight
Mod/Seve¡e

7.46 0.40 - 5.39

Cell Size

1.01 0.46 " 2.78

2.29 0.65 - 8.01

1.11 0.42 - 2.97

0.58 - 2.11

0.96 - 3.31

7.27 - 5.27

1.26 - 5 63

Oral frndings:
Plâque < 507a

> 5O4¿

95 (95.0) 65 (92.9)
5 (5.0) 5 (7.1)

Chi Squa¡e x2 = 0.3¿, 1 df, p = 0.56
108 (100.0) 73 (96.1)
0 (0) 3 (3.9)

Chi Squa¡e x2 = 4.33, l df
S ,81.5 ' ô2 (8t.6)
20 (18.5) L4 (t8.4)
Chi Squa¡ex2 = 0.0004, 1df, p = 0.99

% (77.4) 12 (60.0)
7 (22.6) 8 (40.0)
Chi Square x2 = 1.78, 1d!,p=o 18

15 (2t.7) I (20.0)
54 (78.3) 32 (80.0)

Chi Square x2 = 0.05, 1d4 p = O.8i

(32-4) 23 (30.3)
73 (67.6) 53 (69.?)

Chi Square x2 = 0.10, 1dÍ p = 0.76

62 (60.8) 34 (46.6)
4 (39.2) 39 (53.4)

Chi Squa¡e x2 = 3.47, 1 d4 p = o.oe
u (82.4) 47 (64.4)
18 (17.6) % (35.6)
Chi Squa.¡e x2 = 7 30, 1d{, p < o.oo?

85 (85.0) 51 (68.0)
15 (15.0) (32.0)
Chi Square x2 = 7.15, 1 df, p < 0.008

91 (84.3) 4íl (56.6)

No
Yes

No
Yes

No
Yes

No
Yes

No
Yes

Ot¡er:
Stress

< 67Vo

> 677o

< 50/a
> 507a

>25
<25

1.78

2.58

17 (15.7) 13 @3.4) 4.77 2.04 _ a.2s
Chi Square x2 = 17.2?, 1df, p < 0.0000
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0.008 and x2 =7.48, 1 df, p < 0.006. There was a significant difference
between cases and controls regarding the mean number of teeth present
with controls having more present (mean for controls 25.gg, SE = 0.81,

mean for cases = 24.87, sE = 0.42, t = 8.o2, r}z d{ p < 0.008. Arthough there
was no signifrcant difference between cases and contrors regarding number
of teeth < 20, p = 0.57, there was a signifrcant difference in number of teeth
present <25,x2=77.27,1df, OR= 4.11, CI =2.04_ 8.29, p < 0.0001. Due to
inadequate numbers of exposed young subjects, differences could not be

obtained for ischemic disease or for number of teeth < 10.

Dose-Response Association:

Within the BS-54 year old age group, an unadjusted dose_response

effect was investigated for plaque and Bop each using three dose categories
(0 - 33Vo,34 - 66Vo and, > 67Vo) and the cigarette index (i.e., # cig/day x #
years smoked) using four dose categories (0, 1- g00, g01 _ 500, and > 500

cigarette index). There was a signifrcant dose-response effect for alr three
variables. The dose-response effects remained signifrcant subsequent to
age-gender adjustment and are also reported in Table g.1g.

Age-Stratified FuIl Model #2a.

The same process of backward stepwise multiple regression followed
by normal multiple logistic regression was carried out for the age-stratifred
FULL MODEL #2a. Tlne results are reported in Tabies g.19 (a_c).

In FULL MODEL #2a, number of teeth explained a large degree of
the variation between cases and contrors regarding a history of periodontitis
for those aged 35 - 54yearc potentiaily masking the effect of other variables.



TABLE 8.18 Dose response to key explanatory variables (35 - 54 year olds): reduced model #2a

Plaque unadjusted O -33Vo
34_66%
> 67Vo

Plaque age-gender 0 -33Vo
adjusted 34 - 66Vo

> 67Vo

BOPunadjusted O - 33Va
34 - 667o
> 67%

BoPagegender O -33Vo
adjusted 34 - 66Vo

> 67Vo

Cig index 0
unadjusted 1- 300

301- 500
> 500

Cig index age - 0
genderadjusted 1- 300

301_ 500
> 500

Overall

57 (32.6) 37 (64.e) 20 (35.1)
74(42.3) 47 (63.5) 27 (36.5)
44(25.r) 18 (40.e) 26 (5e.1)

Chi Square x2 = 7 .33, zdf, p < 0.03

57 (32.6) 37 (64.9) 20 (35.1)
74(42.3) 47 (63.5) 27 (36.5)
44 (25.1) 18 (40.s) 26 (5e-1)

Chi Square x2 =7.33,2df,p < 0.03

LL2 (64.0) 73 (65.3) 39 (34.8)
47 (26.e) 23 (48.e) 24(5L.D
16 (e.1) 4 (25.0) 12 (75.0)

Chi Square x2 = 10.99, 2df, p < 0.004

\72(64.0) 73 (65.3) 39 (34.8)
47 (26.s) 23(48.e) 24(5L.Ð
16 (9.1) 4(25.0) 12(75.0)

Chi Square x2 = 10.99, 2dl p < 0.004

87 (47.3) 58 (66.7) 29 (33.3)
53 (28.8) 37 (6e.8) 16 (30.2)
20 (10.e) I (40.0) 12 (60.0)
24 (L3.0) 5 (20.8) 19 (79.2)

Chi Square x2 = 22.06, 1df, p < 0.0001

87 (47.3) 58 (66.7) 2s (33.3)
53 (28.8) 37 (69.8) 16 (30.2)
20 (10.9) 8 (40.0) 12 (60.0)
24(13.0) 5 (20.8) 7s (79.2)

Chi Square x2 = 22.06, 3d1, p < 0.0001

C,onhol Case Odds Ratio (957o CI)

1.00
t.o6 (0.57 - 2.22)
2.67 (r.t7 - 6.rr)

1.00
t.og (0.52 - 2.32)
2.78 (r.17 - 6.6r)

1.00
1.95 (0.97 - 3.96)

5.62 (1.66 - 19.03)

1.00
1.99 (0.98 - 4.07)

5.67 (1.62 - 19.76)

1.00
7.02 (0.5L - 2-04)
3.29 (7.L7 - 9.24)

7.98 (2.65 - 23.99)

1.00
1.00 (0.49 - 2.01)
3.15 (1.11 - 8.96)
7.33(2.37 -22.67)

\¡
PJ
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Tables 8.19 (a - c)

Table 8.19 a - FuIl Model #2a Backward Súepwise Mulúiple Logistic Regression

Age at H&E
Gender
Appointments
Smoke ever
Plaque >67%
BOP 34 - 66&
BOP ¿67Yo
Cigindexl-300
Cig index 301 - 500
C¡g index > 500

Age at H&Ê
Gender
Cig¡ndex1-300
C¡g index 301 - 500
Cig index > 500
# Teeth < 25

. ... , Tablg _8_.19 b - Result of Backward Stepwise: tr ull Model tf2alntercept - 0.90
# Teeth < 25 1 .43 O.g9 19.36 p < 0.003
Ciq index > 500 2.09 0.67 g.t8 p < 0.002

g. .""ioIr, F..Iì Mod.l +Zarntercepr - 0.93

o.02
o.07
0.08

- 0.91
0.33
0.63
1.28
0.49
1.52
2.60

- 0.004
0.21

- 0,02
0.95
1.94

o.o4
0.39
0.39
't.40
0.46
o.41
o.75

1 .23
1 .54

o.21
0.03
0.00
0.43
0.50
2.30
2.89
0.13
1.54

P = 0.65
P = 0.86
P=099
P = 0.5'1
p - 0.48

P = 0.13
P = 0.09

P = 0.71
P = O.22

0.03
0.35
0.37
0.55
0.58

o.o2
0.36

p < 0.0001
p < 0.002
p < 0.001
p < 0.02

Components of Reduced Model #2a:

REDUCED MODEL #2a was formulated in the same manner as

REDUCED MODEL #1. The variables which were entered were: age,

gender, regularity of dental visiting, ever-smoke, plaque > 67Vo, and, ti^e

cigarette index. BoP and number of teeth were not included in the

analysis. The goodness of flrt Chi-square test value was x2 = 22.45, E df, p <

0.0004 showing that the model fit the data adequately. Results are reported

in Table 8.20 (a-c).
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Tables 8.20 (a - c)

TABLE 8.20 a - Reduced Model #2a Backward stepwise Murtiple Logistic Regression

Súep One

Age at H&E
Gender
Appo¡ntments
Smoke ever
Plaque ¿ 67%
Cigindexl-300
C¡g index 301 - 5OO

x>500

lntercept
Age at H&E
Gender

0.03
0.06
-0.32
. 1.80
0.58
1.51
2.33

0.03
0.36
0.36
I .JJ
0.41
1.28

0.83
0.03
o.79
1 .83
2.03
1.39
3.95

p < 0.005
p < 0.0002
p < 0.005
p < 0.01
p < 0.0'1
p < 0.008
p < 0.02

5.

p<
p < 0.04
p < 0.0002

TABr.,,E 8.20 c - Rêsult of Nor:nat M'Itipre Logistic Regression: Reduced Moder #2a

Estimate Square

-1
0.0009 0,03 o,o9

0.33 0.35
Cig index 1 - 300 - O.OO4 O.3S 0.00

P = 0.77
p=

P = 0.55
P=099
p < 0.03

1.01

1.00
.r. tc

0.95 - 1.07
0.56 - 1.88
0.30 - 1.70
2.11 - 4.19
6-20 - 8.46

C¡g index 301 - 5OO 1.1S 0.52 4.A4
Cig ¡ndex > S00 1.99 O.S7 12.45 p'< O.OOO4

Adjusted Odds Ratios for REDUCED MODEL #2a.

The model parameter estimates observed in Tabre g.20c were used to

calculate the adjusted oR and associated cI for each explanatory variable

in REDUCED MODEL #2a. There was a signifrcant dose response effect

with the cigarette index. when those who had never smoked were

compared to those with a 1- 300 cigarette index, there was an increased

risk among smokers of 7.00 (95va cI 0.80 - 1.70) and with a 801 - 500 cigarette

index, the risk was 3.15 times (95Vo CI 2.Il - 4.Ig) and with a > 500 cigarette

index the OR = 7.33 (95Vo CI6.20 - 8.46).

TABLE 8.2o b - rÌesurt of Backward Murúipte r,ogistic Regression: Reduced Model #2a
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hedictive Value of RÐDUCED MODEL #2a:

using a subfunction of NCSS multiple logistic regression, Model #2a

was found to correctly classify B9.ggvo of the control s and s9.47vo of ti,.e
cases, accountíng for 6B.4BVo overall correct classiflrcation.

Using beta estimates for each parameter in the model and the
formula described above, the probability of risk was calculated for various
scenarios in the study population:

Scenario a:
Male, 50 Years, > 500 Cig index = 74Vo

Scenario b:
Male, 50 Years, 0 Cíg index = 2BVo

Scenario c:
Female, 50 Years, > 500 Cig jnd,ex = 70Vo

Scenario ù
Female, 35 Years, 0 Cig index = 25Vo

8.8.3.2 Model #2b

Ages > 55 Years (n = 164)

Prior to building a model for the older age group, cases were

compared to controls regarding exposure to explanatory variables. Chi
square and t-test analyses for categorical and continuous data. In addition,
un-adjusted odds Ratios were carculated for each explanatory variabre
using logistic regression. Results are reported in Table g.21.

Among the > 55 year age group, there were no differences between

cases and controls, with the folrowing exceptions: There was a signifrcantly

higher proportíon (80.4va) of individuals with partners among control

compared to cases, x2 = 5.55, 1 df, OR = 2.59, CI = 1.18 _ 5.91. A trend was

observed for a higher proportion of controls (7l.7va) to have < $25,000 income

compared to cases, x2 = 2.88,1 df, p = 0.09, OR = 0.54, CI = 0.25 _ 1.18. There

was also a trend for a higher proportion (6\.0vo) of never smokers to be
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TABLE 8.21 Explanatory variables; comparison of cases and controls (age ¿ 55 years)

Va¡iable Conhol G 95qo Ct

graphic Factors
Age at H&E (years)

Age (group)

Gender

Employment

Bebaviors;
Toothbrushing

Flossing

Deûtal visits

Ever smoke

#CigYears
(continuous)

x = 65.11 SE = 0.99 x = 66.03 SE = 0.56
n= 46 n=132

Marital status Partner
Single

Ðducation > Grade 12
< Grade 12

Occupation Prof/
Ma¡ager
Others

Income > $25,000
< 925,000

t test, t = -0.83, 176 df, p = a.41

#Eo#%
)!Ë tt0.9 55 47.718 39.1 n 58.3

Chi Square x2 = 5.06, I df, p < 0.08
31 67.4 77 53.815 32.6 61 46.2

Chi Square x2 = 2.58, 1df, p = 0.11
37 80.4 81 6L.49 19.6 51 38.6

Chi Square x2 = 5.55, 1dl p < 0.02
13 28.3 47 31.133 7L.7 91 68.9

Chi Square x2 = 0.13, I df p = 0.723'F+ 6.5 13 9.8

43 93.5 119 90.2
Chi Square x2 = 0.46, 1df, p = 0.50
13 28.3 56 42.433 71.7 76 57.6

Chi Square x2 = 2.88, 1 df, p = 0.09
10 27.7 21 15.9
36 78.3 111 84.1

Chi Square x2 = 0.81, 1dt p = 0.gz

39 84.8 J27 97.77 75.2 11 8.3
Chi Square x2 = 1.?8, 1 df, p = a.lg13 28.3 36 27.3
33 7]'7 96 72.7

Chi Square x2 = 0.02, 1 df, p = 0.90
n 65.9 91 77.r15 34.1 37 28.9

Chi Square x2 = 9.42, 7 df, p = 0.52
63.0 63 47.777 37.0 69 52.3

Chi Square x2 = 3.21, 1 df, p = 0.0?
x= 442.35 SE-122.2r x=434.06 SÐ=?712

t=0.049,84dip=0.90

55-64
>65

Female
Male

FT/PT
Others

1.78

0.64

o.54

r.47

1.08 - 4.39

0.87 - 3.65

1.13 - 5,91

0.41- 1.86

0.17 - 2.4t

0.25 - 1.73

0.62 - 3.47

2.78

2.59

> l/day
< tld.ay

> llday
< 7/d.ay

No
Yes

No
Yes

0.51 0.18 - 1.43

1.05 0.49 - 2.25

0.79 0.37 - 1.66

1.87 0.93 - 3.78

Chronic cond /
diseases:
Diabetes No

Yes /
Bo¡de¡line

1n 90.9
12 9.1

43 93.5
ó tr.t)

Chi Square x2 = 0.29, 1df, p = 0.59

L-43 0.38 - 5.47



Diag hyper

SBP
> 140 mm,/Hg

DBP
> 90 mm,4lg

Any ischemic

HBP Combo

Medicstion:
Anti-
inflammatory

Estrogeq

Othen
Stress

OraI findings:
Plaque 507o

Plaque 67Va

BOP

#Teeth < 10

#Teeth < 20

# Teeth < 25

7.44 0.69 - 3.00

0.94 0.44 - 1.99

0.86 0.34 - 2L.5

0.82 0.34 - 1.98

7.34 0.67 - 2.67

No Y2 69.6 81 6L.4Yes L4 30.4 51 98.6

-_ Chi Square x2 = 0.99. 1 df, p = 0.BZNo 30 68.2 87 69.6Yes 74 31.8 38 90.4

- _ Chi Square x2 = 0.03, 1 df, p = 9.66No 36 81.8 105 U.OYes878.2n16.0
- _ Chi Square x2 = 0.11, 1 d! p = a.f4No 37 80.4 iro æ.3YesI19.6n]:6.7
- _ Chi Square x2 = Q.!Q, I df, p = a.66No % 56.5 65 49.2Yes n ¡ß.5 67 50.8

Chi Square x2 = 0.72, L df, p = 0.40

11 42.3 42.4

15 57 .7 38 57 .6
Chi Square x2 = 6.0001. 1 df. D = 0.9974 45.2 36 50.?77 54.8 35 49.3
Chi Square x2 = 0.27, 1 df, p = 0.61

No / Slight 15 32.6 56 42.4Moderate 31 67.4 76 57.6
/ Severe

Chi Square x2 = 7.37, L df, p = 0.24

< 50Eo n 57.2 Æ 40.4
> 50Vo 2L 48.8 6g 59.6

Chi Square x2 = 1.07, 1df, p=0.80
< 677a n 74.4 78 65.8
>67% 11 25.6 39 34.2

Chi Square x2 = 2.80, 1 df, p < 0.007<507a 82.9 85 69.1
> 50Vo 7 L7.7 3S 80.9

Chi Square x2 = 2.95, 1df p = a.aAg
> 10 47 89.1 1 95.5
< 10 5 10.9 6 4.5

Chi Square x2 = 2.35, 1 df, p = a.lg
>20 n 58.7 95 72.0<20 19 4].3 37 28.0

Chi Square x2 = 2.?9, 1 df, p = 0.09
>25 12 26.L 38 28,8<25 u rcþ 91 77.2

Chi Square x2 = 0.12, 1df, p = a.f!

No

Yes

No
Yes

1.00 0.39 -2.54

0.80 0.34 - 1.90

0.66 0.32. 1.35

1.55

r.51

2.77

0.75 - 3.18

0.68 - 3.38

0.87 - 5.43

0.11- 1.38

0.27 - 7.73

0.40 - 1.89

0.55
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controls compared to cases, y2 = 3.2I, 1 df, p = 0.02, OR = 1.g7, CI = 0.gB _

3.78. Although not included in subsequent analyses, there was a trend for a
greater proportion (82.9vo) of controls to have a Bop < Soqo coo'pa,.ed to

cases, x2 = 2.95,I df, p = O.OS and there was a trend for a greater proportion
(7 2.OVa) of cases to have > 20 teeth compared to controls, x2 = 2.79,1 df, p =
0'09 although there was no difference between them regarding < 25 teeth.

Dose-Response Association:

Among those aged > 55 years old, an un-adjusted and adjusted dose_

response effect was investigated for plaque and Bop each using three dose

categories (0 - 33Vo, 34 - 66Va, and > 67 Vo) and the cigarette index (i.e., #

cíglday x # years smoked) and four dose categories (0, 1 _ g00, 801 _ 500, >

500). There was not a signifrcant dose response effect for any of the
unadjusted or adjusted variables. cell size was inadequate to investigate

BOP dose response. Results are reported in Table g.22.

Age-Stratifi ed Full Modet #2b

In FULL MODEL # 2b, neither BOp nor number of teeth appeared to

directly influence a history of periodontitis. The results of analvsis are

reported in Table 8.23 (a-c).

Tables823 (a-c)

TABr.,,E 8.23 a - FulI Model #2b Backward stepwise Murtiple r,ogistic Regression

Sttp One

Bete

Age at H&E
Gender
Marital Status
lncome< g2s,ooo
Brush < 1/day
Smoke ever
BOP > 50%

0.03
0.59
0.97
- o.52
- o.52
0.54
o.7 4

0.03
0.44
0.45
o.44
0.64
0.40
0.4a

0.32
0.64
1.83
4.7 0
1 .45
0.67
1 .77
2.40
o.o7

P=057
P = 0.42
P = 0.18
p < 0.03
P = 0.23
P = 0.41
P = 0.18
P = 0.12

Teeth < 25
= 0.78



TABLE 8.22 Dose response to key explanatory variables (¿ 55 year olds): reduced model #2b

Plâque ünâ4justed O - l\yo
M -66/o
¿67Va

Plaque age-gender O - Sgqa
âdjusied M -667a

2677o

BoPunâ4justcd O - ABEa

34 - 66./"

>67%

BoPage-gerder O - SSV"
aqiusted 34 - 66Ea

>67q.

Cigindex 0
rnFdjustcd 1_ 300

301- 500
> 500

Cig index age.gender 0
âdjusted 1- 300

301_ 500
> 500

Overaìl

42 (26.8) 14 (33.3) 28 (66.7)
65(4L.4) t8(27.7) 47 (72.3)
50 (31.8) tr (22.0\ 39 (78.0)

Chi Square x2 = 1.48, 2di p = O.¿S

(n = 157) (n = 43) (n = 114)
42 (26.8) 14 (33.3) 28 (66.7)
65(41.4) 18 (27.7) 47 (72.3)
50 (31.8) tt (22.0) 39 (78.0)

Chi Square x2 = 1.48, 2dl p = O.¿B

(n = 164) (n = 41) (n = 123)
83 (50.6) 28 (s3.7) 55 (66.3)
70 ø2.7) 13 (18.6) 57 (S1.4)
11(6.7) 0 (0) t1 (100.0)

Chi Square x2 = 8.b9, 2dt p < 0.01

(n = 164) (n = 41) (n = 123)
83 (50.6) 28 (33.7) 55 (66.3)
70 (42.7) 13 (18.6) 57 (81.4)
11(6.7) 0x* (0) 11(1OO.O)

Chi Square x2 = 8.59, 2df, p < 0.01

(n = 178) (n = 46) (n = 182)
92 (51.?) 29 (31.5) 63 (68.5)
45 (25.3) I (20.00 36 (80.0)
16 (9.0) 4 (25.0t t2 (75.0)

25 (14.0) 4 (16.0) 21(84.0)
Chi SquaÌe x2 = 3.62, 3df, p = O.ef

(n = 178) (n = 46) (n = lB2)
92 (5t.7) 29 (31.5) 63 (68.5)
45 (25.3) 9 (20.00 36 (80.0)
16 (9.0) 4 (26.0) 12 (75.0)
25(14.0) 4(16.0) 2t (84.0)

Chi Square x2 = 3.62, 3d{ p = O.¡f

OddsRatio
(95CÒCD

1.00
1.21(0.53 - 2.80)
1.83 (0.85 - 3.94)

1.00
1.28 (0.53 - 3.07)
r.57 (0 .58 - 4.25)

Cell size

Cell size

1.00
1.69 (0.73 - 3.88)
1.15 (0.33 - 3.99)
2.34 (0.72 - 7 .62)

1.00
1.66 (0.71- 3.89)
1.11(0.01 - 3.99)
2.23(0.01-7.58)

01

Þ



TABLE 8.23 b - R€sult of Backward Súepwise Full Model #2b

162

9.l 0_43 4.s1
p<u_+,, 4.5t p <0.03Gender o.7B 0.39 3.99 Þ < o.os

Marital Status o.

lntercept
Age at H&E
Gender

0.
0.01
0.70

1.85
0.03
0.37

0.01
0.14
3.58

P = 0.90
P = 0.71
P = 0.06

Maritat Sratus 1.05 0.42 6.14 ; . õ:ð;

Components Of Reduced Model #2b:

Backward stepwise logistic regression was performed to identify the
best-fitting model which described the relationship of the dependent

variable and a set of explanatory variables for the age group > 55 years.

The initial model for the > 55 yeâr age group consisted of all variables

which had demonstrated either a trend or significant unadjusted or âge_

gender adjusted oR. There were no dose response effects entered as none

were significant in preliminary analyses. The model included: age, gender,

marital status, income, toothbrushing and history of ever smoking.

Backward stepwise logistic regression identifred and eriminated the
smallest Z-values. The finar moder contained aI signifrcant parameters

plus age and gender for adjustment purposes. No interactions were

observed. A summary of the results are reported in Table g.24 (a_c)

Tables 8.24 (a-c)

Table 8.24 a - Reduced Model #2b Backwa¡d stepwise Murtiple r-ogistic Regression

Step One

Age at H&E 0.03 o.oo 0.75 p = ò.ãòGender o.ss o.4z 1.71 þ = õ.ié
Marital Status j.o7 O.4g 6.15 ã . ò.Oi
fncome < g2s,ooo - O.s6 O.4O 1.g7 þ = O.iOBrush < 1/day - 0.77 o.s8 1.76 þ = ó. j9
Smoke ever 0.64 0.39 2.64 b = o.l o

TABL,,E 8.23 c - Result of Normal Multiple Logisúic Regression: Full Model #2b
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Marital Status 1 .07
lncome - 0.77

Table 8.24 b - Result of Backward Stepwise Multiple Loglstic Regression

1 0.32
0.42
0.38

1 p<0.
6.43
4.O5

p < 0.01
n<O04

Table 8.24 c - Result of Nomal Multiple Logistic Regression: Ræduced Model #2b

Variable Beta sE chi p vatue oR 95./. ct
Estim ate Square

Beta
lnte
Age at H&E
Gender
Marital Status

0.01 0.03 0.21 p=0.65 1.01 0.95 - j.O7
O.57 0.38 2.27 p = 0.13 1.78 1.OZ - z.S41.12 0.43 6.89 p < 0.OOB g.O7 Z.Zz - g.g

Income < $2s,0oo - 0.66 0.39 2.82 p = O.O9 0.52 _ 0.26 _ 1.3

Adjust€d Odds R¿tios for R,EDUCED MODEL #2b:

Model parameter estimates and SE were used to calculate the OR and

associated CI for each explanatory variable in the model. Among the > 55

year old group, there was an increased risk for those who were single

versus those with a partner, OR = 3.07, CI = 2.22 - 8.9S. There was a trend

for increased risk for those with > $25,000/year family income, OR = 6.52, 6¡

= - 0.26 - 1.30. The odds ratios, CIs and p values are reported in Table g.24c.

kedictive Value of REDUCED MODEL #2b:

Using a subfunction of NCSS Multiple Logistic Regression, Model

#2b was found to correctly classify \Vo of controls but 100% of cases,

accounting for 74.L6Vo overall correct classifrcation.

Beta estimates were used with the formula described above to

calculate the probability of risk for various scenarios in the study
population.

Scenario a:
Male, 55 Years, Marrie d, < fi25,000 = 6BVa

Scenario b:
Male, 55 Years, Single, > 825,000 = gZVo



IM

Scenario c:
Female, 80 Years, Single > fiZS,OOO = AAEy

Scenario d:
Female, 80 Years, Single, < fiZí,}OO = TgEo

All multivariate analyses were performed using the NCSS statisticar
software program.
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CIIAPTERNINE

DISCUSSION AND CONCLUSIONS

9.0 OVERALLFINDINGS

chapter eight described three moders which were used to anaryze t}.e
influence of a number of explanatory variables on the history of
periodontitis. Model #1 included the total study population (85 _ g7 year

olds) while Models #2a and #2b included two age-subgroups (85 - b4 years)

and (> 55 years) respectively. Explanatory variables initialry incruded in the

models were selected through univariate, bivariate and murtivariate
statistical tests. The parameters for each frnal model are presented in Table

9.1.

TABLE 9,1 - Model parameters for frnal models

35-S7yearold 85 - 54 year:s old > 55 years old

I, - VA.rUÉ

p< 0.0001
P'
p=Age

Gender
Marital
Plaque
Cig ¡ndex
(1-300)
Cig index
(301 - s00)
Cig index
(>500)

1.77
1.55
1.24

1.78

3.80

P=023
p < 0.03

P = 0.08

P = 0.43

P = 0.19

p < 0.003

Age
Gender p = 0.55 Gender 1.78

Marital 3.07

P = 0.99

p < 0.03

p< 0.0004

g.
p=
P = 0.13
p < 0.008

Cig index 1.00
(1-300)
C¡g ¡ndex 3.15
(301 - 500)
Cig index 7.33
(>500)

lncome 0.52 p = 0.09

Age and gender were forced into ar three moders to adjust for their
confounding infÌuences. Marital status, specifically being single, was

signiflrcantly associated with an increased risk of a history ofAp in the total
study population as well as within the older adults but marital status did
not influence younger adults. while having a plaque score > 50vo at the time
of the initial periodontal exam appeared to slightly increase risk of a history
of AP among the total population, this trend did not apply to either of the
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age-stratifred groups. The dose-response effect of the cigarette index was

evident among the total population and even more so among the young

adults. However, there was no evidence of an effect of cigarette smoking on

AP among those > 55 years. Annual family income < $25,000 appeared to
have a protective influence on a history of Ap among order adults but had
no influence on the totaì study population or those 85 _ 54 years.

This chapter discusses the role of the variables present in each age_

stratified model as well as pertinent variables which, although significant
in other studies or in the current study's univariate or bívariate analyses

did not maintain their effect in the presence ofthe other variables.

Due to the strong influence of age on explanatory variables,
particular attention was given to the relevance of the variables found in the
two age-stratifred models.

9.1. ÐPIANATORYVARIABLES

9. 1.I Sociodemographic Factors

The demographic variables which were strongly associated with Ap
in univariate and bivariate analyses were age and gender.

9.1.1.1 Age

In the current study, univariate analyses showed that being > 55

years \Fas associated with being four times more likely to have a history of
AP than those < 55 years. This frnding is consistent with other cross-

sectional studies (Baelum et al 1986; Miller et aI 19g7 papapanou et aI 19gg)

as well as with longitudinar studies regarding the effect of increased age on

AP (Grbic et aI 1991; Haffajee et al 1998).

Until recently, such results were interpreted as evidence of a greater

prevalence/severity ofAP among the aged (van der Velden 19g4). However,
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such studies failed to recognize that periodontitis is a cumulative
destructive process over an individual's lifetime. The apparent increased

prevalence among the elderly compared to younger adults more likely
reflects their cumulative, life-time experience with periodontal disease.

Rather than an "age-effect,,, increased prevalence of a history of Ap
among the elderly has also been exprained by a "cohort-effect", that is, the
'old elderly' cohort likely have different beliefs than do the ,young elderly,

regarding dental health values and knowledge. Differences may be

attributed to growing up when dentistry was a luxury, when prevention

was less emphasized and extraction for Ap was standard practice (Walden

1988; Ettinger 7992). Differences in values and knowledge influence

behavior of the various age-cohorts and may partially explain the oral
health variations observed between younger adults and the elderly.

Recent studies suggest that age is a correlate rather than a risk
factor for. periodontitis (Abdellatif and Burt 19g7; Burt 1994). In fact, Ap was

not inevitable with age when plaque was adequately controlled (Ismail and

Lewis 1993). The OR = I.24 for the association of age with periodontitis was

relatively weak in a cross-sectional study while the oR for plaque was 20.52

(Abdellatif and Burt 1987).

Age is perhaps best considered a determinant of a history of
periodontitis. Increased age has been associated with poor oral hygiene
(Payne and Locker 19g2) and with lower education/ income, all known to be

associated negatively with regularity of dentai visiting and oral self-care as

well as periodontal health and tooth retention (Milrer et ar 1987; walden
1988; Haffajee et al 1993).

The current study showed that age was correlated with a number of
explanatory variables. Being > 55 years was positively related to having <
Grade 12 education and < $25,000 annual family income. Many of the
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elderly had less education and./or were retired, perhaps explaining their
Iower income. In the overarl study popuration, those with > Grade 12

education were positiveiy associated with < sTvo praqre scores due most

likely to a higher level of health awareness and preventive behavior. Those

with > 25 teeth were positively associated with having > Grade 12 education,

> $25,000 annual family income, and more regular dental visits.

Through univariate analyses, the present study showed that a

history of periodontitis was associated with lower levels of education and

employment, OR = 1.67 and OR = 2.12 respectively. However, once age_

gender adjusted, these variables were no longer signifrcant suggesting that
the older subjects were less educated and not currently employed.

Although age does not directry cause periodontitis, it is clear that its
confounding or interactive effects must be controlred in periodontal
research.

Today's 'new elderly' are retaining more of their teeth, due in part to
their increased education and income aìong with access to improved
prevention and treatment. As this trend continues, dental visiting rates
and preventive practices among the elderly wiII probably increase,
equalling those of other age groups (Beck and Hunt 19g5; Walden 19g8).

After all, being dentate is one of the best predictors of dental visiting (Locker

and Leake 1993). The current study showed a correlation between having >

25 teeth present and regularity of dental visiting. Edentulous and partially
edentulous individuals often fail to perceive a reason for seeking dental care

unless they are in pain.

The current study ultimately analyzed the influence of a set of
explanatory variables on a history of periodontitis. The effect of age was

controlled by including age in the frnal model, and further by age_

stratifrcation.
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Model #1 showed a signiflrcantry increased risk within the total study
population of 1.06 times with each increasing year for those who were older
(> 55 yrs) compared to those who were younger (Bb - 54 ps).

Model #2a showed an increased risk within the younger adults, OR =
1.01 for those aged 45 - 54 years compared to those aged 35 - 44 yearc. The oR
however was not signifrcant.

Model #2b also showed an insignifrcant increased risk within the
older adults, oR = 1.01 for those aged > 65 years compared to those aged 55 -

64 years.

The odds ratio for each model is somewhat different, with the
stratifred models showing a lower (insignifrcant) oR than the total model

because the stratifred models adjusted or controlled for age through their
design. once controlled, age did not uniquery infruence periodontitis

substantially in any of the models because much of the variation in the

models was explained by other variables.

9.1,.1.2 Gender

In the current study, univariate analysis showed that being male

had an un-adjusted OR = 1.62, CI (1.04 - 2.8D, that is, males were at I.62
times greater risk for a history of Ap than females. This could be due to
poorer oral hygiene and less regular dental visiting among the males.

Being male was correlated with less frequent toothbrushing and less

regular dental visiting in the current study. Males arso showed a greater

history of ever smoking, number of cigarettes/day, a higher cigarette index,

plaque score, and BOP score.

These results are consistent with earlier studies which show that
males had higher levels ofplaque (Grbic et aI 1991; Haffajee et al 1998), and
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a greater prevalence/severity of AP (Baelum et al 1gg6; Miller et al lggz;
Hunt et aI 1990) although the latter studies failed to control for plaque.

Gender-related psychosocial factors may partialry exprain differences

in risk for AP between males and femares. social norms are berieved to

influence the male tendency for increased risk-taking, for example,

smoking; having less health-rerated knowledge and generally taking fewer

preventive actions (Coburn and pope 1974; Blaikie 1929; Locker 19g9). All of
these factors have been associated with an increased risk for periodontitis.

Gender socialization is also believed to influence social norms and

health behavior (Nathanson 1g7z). women may be socialized to feel more

susceptible to disease, be more sensitive to symptoms and to seek more

frequent health care. social norms may therefore help to account for males

seeking less regular dental care, being less well informed about disease

prevention and having more untreated disease.

Gender, Iike age is a determinant of Ap and its inclusion in
modeling necessary to control for its confounding influence on Ap. In the

current study, all three models contained gender. Gender was not
significant in any of the models.

Model #1 showed a slightly higher risk within the total study
population of 1.37 times when males were compared to females although

the difference was not significant, p = 0.28.

Model #2a showed an increased risk for males when compared to

females within those aged 35 - 54 years although the diffe¡ence was not

signifrcant, OR = 7.22, p = 0.55.

Model #2b showed more of a trend for increased risk for males

compared to females within the older sub-population, OR = 1.2g, p = 0.18.
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9.1.1.3 Demographic Variables Not Found in the Models

It was not the purpose of the current study to consider the influence

on AP of other demographic variables such as population density, rural
versus urban setting, or dentist to population ratio. The primary reason

that the influence of these variables on periodontitis was not studied was

that most study subjects live in winnipeg, were attending the dental clinic

rather than private dentists and would have their visiting behavior

influenced by student and clinic administration.

9.1.2. Socioeconomic Status Variables

societies are generally divided into hierarchicar social strata (Beal

1989)' socioeconomic status (sES) is a standard index which assesses

education, income, and occupation. The influence of each of these variables

on a history of periodontitis was investigated in the current study. other
psychosocial variables were also considered including employment status,

marital status and life-stress.

9.1.2.1 Marital Status

In the current study, univariate analysis showed that being single

had an unadjusted OR = 1.71, CI = 1.67 - 2.72, tirra| is, those who were single

had an increased risk of 1.71 times for a history of Ap compared to those

with partners. Once age-gender-adjusted, the OR increased, OR = 1.g1, CI =
L'r0 - 2'97, indicating that the differences in Ap due to marital status were

not due to the confounding influence of gender or age.

The current study also showed that having a partner was correrated

with having an annual family income > $25,000, iikely due to the partner's

additional income. There was no evidence that those with partners were

younger or more likely to be employed which could have explained their
higher family income.
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Although many studies have shown that with increased social
support there is a lower prevalence of morbidity/mortarity, the mechanism
by which social support influences health status is unclear (Berkman and
syme 1979). Marital status is not berieved to influence the prevarence/
severity of AP directly. Being singre has been shown to have an indirect
association with AP due to its association with lower revels of income and
education and related poorer oral hygiene, infrequent dental visiting and
increased health compromising behaviors (Bullough 1922; Calnan 19g5).

Social isolation, lack of social network, alienation and powerlessness have
been shown to be associated with poor preventive behavior (Bulough 1gz2).

single individuals may lack reinforcement from a social network so that
positive health behaviors are not reinforced or sustained (Blaikie 1g79;

Berkman and Syme 1929).

There is some evidence for spousal influence on dental behavior
(Dielman et al 1982). Within 2ZS New Jersey families, a high degree of
companionship between a couple was shown to be related to positive health
care practices and use of preventive health services. The cohesiveness

within a family has been shown to be rerated to physicar activity, nutrition
and positive health behavior for the family members (pratt 1gZ2).

Some studies have not shown a relationship between preventive

behavior and the proportion of friends or fam y in an individual's social
network (salloway and Dillon 19TS). Jnconsistencies in the literature
regarding the influence of others on health status or preventive practices
may be due to difficulty in measuring and studying sociavfamiliar factors
and differences in populations studied.

Model #1 retained marital status subsequent to logistic regression
analyses however income was not present. Marital status mav have
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accounted for some of the differences between cases and controls regarding

income since being single was correlated with having a lower income.

Model #2a failed to show a significant association with any

socioeconomic variables through univariate analysis therefore none was

considered in the model building process. There may also have been too

little variation in level of education within young adults making it diffrcult

to determine the effect of education on Ap.

Model #2b included marital status. Being single increased risk
within the older adults by OR = 3.07 times, p < 0.008.

The differences observed among the three models regarding marital
status may be explained by considering the three different age groups

investigated. Being single increased risk among the total study population,

mainly for those > 55 years but not for the younger adults. Having a partner

generally represents social/family support. In the current study, single

young adults may have perceived family support from their parents and

social support from their working colleagues while many of the > 55 year

olds would not have had surviving parents and those who were retired

would presumably have had a smaller social network, Ieaving single

elderly individuals without as strong a support system. Lack of such a

support among the elderly may influence their preventive behaviors

awareness of health services or access to dental care.

9.1.2.2. fncome

There was not an increased risk for a history of Ap associated with
Ievel of income among the total study population or among the young adults

in univariate analysis. However, among the older adults, there was a trend

for those with > $25,000 annual income to be at increased risk for Ap. Arr
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association which remained meaningful even after controling for age and
gender.

MODEL #1:

Income was not found to be signifrcant in Model #1 because age

explained much of the variation between cases and contrors that is,
inc¡eased age was correlated with rower income. This would be partialry
explained by the fact that more of the older individuars were retired or
homemakers. Marital status may have accounted for some of the
differences regarding income since being single was correlated with
having a lower income.

MODEL#2a:

Income was not a significant variable in the young adult model.

Since all of the young adults were below the age of retirement and few were

unemployed, it may be that there was not enough variation in their income

to flrnd an effect of income on risk for Ap.

MODEL*I2b:

Among the older adults, there was a trend of having an annual
family income < $25,000 decrease the risk for a history of periodontitis by oR

= 0'52' p = 0.09. Although previous research has shown increased
prevalence of periodontitis among those with low income (Miller et al lggz;
Brown et al 1990; Locker and Leake 19gB), the current study showed that
annual family income < $25,000 was not associated with increased risk
among any of the age groups. In fact, among those > 5b years, there was a
trend for decreased risk of Ap by 50vo for those with an income < $25,000.

This frnding is most likely related to the observation that income > $25,000

was correlated with having > 25 teeth present. Authors have reported that
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the presence of more teeth may arrow for a greater chance of diagnosing a

history of periodontitis and other dental diseases since involved teeth have

not been extracted (Beck 1984; Page 1984; Hunt et aI 1985; Beal 1989). The

current study showed a correlation between having > 25 teeth and a higher

family income.

Education may have been represented by proxy in the model by

income since higher education was correrated with higher income. Both
higher income and education were correlated with having > 25 teeth. This

frnding could help explain why those with higher income appeared to be at

increased risk for AP. The older individuars with a higher income had

more teeth present in which to diagnose Ap than those with lower income.

It should be remembered that it was not the individua|s income that
was investigated in the present study, but rather their past year,s annual
family income. Had a long-term history of the individual's income been

available, it is possible that a clearer relationship would have been observed

between periodontal status and income. Long-term exposure to low income

would be more indicative of the influence of income on a history of Ap than
one year's income.

Among the study population, 46.BVa lnad an annual income < $25,000

while the same income among Manitobans (rural and urban) ís 21',.lVa,

suggesting that participants in the study were low income earners
(Statistics Canada 1993).

9.1.2.2 Socioeconomic Status Variables not found in the Models.

Occupation did not appear in any of the frnal models although in
univariate analysis there had been a trend within the total study population

and young adults for those with professional/managerial jobs to be at lower

risk for a history of periodontitis.
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The current study failed to show an effect of life-stress on a history of
AP for any age-group. The method of measuring life-stress may have been

inadequate to reveal its influence, if any. Many respondents seemed to
struggle with assessing life-time experience with stress. Most experienced

periods of extreme stress as werl as periods of no stress. As a result, there

was a tendency for many respondents to report ,,average,, life_stress.

Additional psychosocial differences between cases and contrors

including life-stress may have been observed in the current study had
edentulous individuals not been excluded and their periodontal histories
available. It is speculated that the edentulous have lost many of their teeth
to AP. The inability to include these individuals in the current study may

have underestimated the influence of psychosocial variables on a history of
periodontitis.

There are other diffrcuities in assessing the influence of psychosocial

variables on chronic diseases. These difficulties have been related to
unreliable and subjective measurements of the variabres and to the
complex interaction among the determinants of health.

9. 1.3. Health Compmmising Behavior

Health behavior rnay promote, enhance and preserwe good health, or
if the behavior is harmful, such as smoking, may compromise hearth (Last

1988). The current study investigated whether any of the following
behaviors were associated with a history of Ap: frequency of toothbrushing,
flossing, dental visiting, and cigarette smoking.

Previous studies have reported a rower prevarence/ severity of Ap
associated with regular of dental visiting (Nikias et al 1gz5; chen and stone
1983), toothbrushing and flossing (Nikias et al 1925; Brown et aI 1990;

syrajala et al 1992) while cigarette smoking has consistently been
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associated vrith an increase in AP (Levy et al 1gg7; Beck et al 19g0, 19g2;

Locker and Leake 1993).

9.1.3.1 Cigarette Smoking

In univariate analysis, the current study showed an un_adjusted OR

= I.64, CI = 1.07 - 2.5L, for ever-smokers compared to non_smokers within
the total study population. Once age-gender adjusted, the OR = 1.82, CI =
r.l3 - 2.92, indicating that differences between cases and controls regarding
their exposure to smoking was not due to differences in age or gender.

Being male was correlated with a history of smoking. The latter frnding has

also been reported by others (Borlund and Rudolph 1gz5) and may be due to

greater risk-taking behavior among males or to participation in more

health compromising behaviors. Being maie was also correrated in the
current study with less regular toothbrushing and dental visiting and

higher plaque scores, all previously associated with increased risk for Ap.

In univariate analysis among younger adults, the unadjusted OR =
1'88, cI = 1.02 - 3.78, was similar to the risk experienced by the total study
population after age-gender adjusting, showing once more that the effect of
smoking was not explained by age or gender. Among those aged > 55 years,

the unadjusted oR = 1.87, cI = 0.98-3.28, showing a trend for signifrcance.

Both age-groups \/ere further subjected to age-gender adjustment through
the modeling process. Subsequently, those > bb years failed to show an

effect of ever smoking.

For the purposes of the current study, a history of ever smoking

cigarettes was converted into a variabre which attempted to consider life-
time exposure to cigarette smoking. A cigarette index was calcurated by

multiplying number of cigarettes/day x number of years smoked. The total
life-time-exposure to cigarettes could be further calculated by multiplying
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the cigarette index x 365 days. A dose-response effect was signifrcant for the

cigarette index prior and subsequent to age-sex adjustment for the total
study population and for the younger adults, but not for those > 55 years.

Model #1 showed an increased dose-response OR for the cigarette
index: 1 - 300 = OR = 7.24; B0I - 500 = OR = 1.7 B; > 500 = OR = 3.80 compared to

non-smokers' Indirect evidence of a dose-response gradient in smoking
exposure has been reported previously (Bergstrom et al 1g91).

Model #2a showed even a higher magnitude of effect for dose_

response for the cigarette index among the younger adults: 1-800 cigarette

Years = OR = 1.69. 301-500 = OR = 3.15; > 500 = OR = Z.BB when compared to

non-smokers. There was a greater magnitude of effect within the young

adults once those > 55 years had been removed from analysis. This frnding
was probably due to the differential in the number of teeth present between

the two groups.

Model #2b did not include cigarette smoking behavior. One

explanation for the absence of cigarette smoking in the older adult model

may be that fewer individuals with a high life-time smoking exposure

survived over 55 years of age. Another explanation could be that those who

have survived may represent individuals who, genetically, may be more

resistant to chronic diseases. It may also be explained by the exclusion of
edentulous individuals from the present study, many of whom were likely
smokers and lost their teeth to periodontitis. There is a higher proportion of
edentulism among smokers than nonsmokers (Johnson et al 19gg).

Exclusion of either group could have resulted in an under-estimation of the

effect of smoking on periodontal health.

The frndings in Model #1 (total population) and #2a (younger adults)

are consistent with the literature. cross-sectional studies which measured

current/ever smoking and AP concurrently, have shown an increased
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prevalence/severity of AP to those exposed to smoking (Levy et al lggz; Beck

et al 1990; Locker and Leake 1993). The magnitude of the association ofAp
and smoking varies among studies. Increased oR = 2.g and oR = 6.2 were

reported among Black and white elderry North carorina smokers

respectively when compared to non-smokers. Two previous case-control

studies reported smokers to have an oR = 2.5 (Bergstrom lggg) and oR = z.o
(Haber and Kent 1992) compared to nonsmokers when age and sex-adjusted

and plaque was controlled. Differences in populations studied, designs, and

diagnostic cut offs of AP may explain differences in oRs among studies.

9.1.3.2 Variables Not in the Models.

A number of behavioral variabres which were signiflrcant in previous

studies failed to be associated with increased risk in the current study,

including dental visiting, toothbrushing and flossing.

DEIVTAI-, VISITING:

In univariate analysis, there was a decreased risk ofa history ofAp
among the total study population for those who reported to have regular
dental visits (an unadjusted OR = 0.62, CI = 0.40 - 0.97). However, once age_

gender adjusted, there remained only a trend for this protective influence

indicating that dental visiting was influenced by age and gender. older age

is correlated with having < 25 teeth. previous studies have shown that
regularity of dental visiting is more likely among those who have teeth
present (Locker and Leake 1998).

Regularity of dental visiting was not present in any of the age group

models. This may be due to the strong influence of age and the number of
remaining teeth in Models #1 and #2b. Dental visiting may also have been

represented in the models by gender since being male was correlated with
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less regular dental visiting. A pattern consistent with previous studies
(Hal'vvard et aI 1994).

Dental visiting has been reported to be less frequent among the
elderly (50 - 87 year old Ontario residents) than other age groups, but it is
rising among the new elderly (payne and Locker 1992). The overall
utilization rate by the elderly is low due to the low rate of attendance by

those who are edentulous when compared to the dentate elderly (Haefner et

al 1967; Payne and Locker 1g92). This is consistent with the results of the

current study which showed a correlation between having > 25 teeth and

increased regularity of dental visiting. The reasons given by the elderly for
non-attendance are: "nothing wrong,,, or ,,can't afford it',. Non-attendance

has also been associated with being edentulous, not having dental
insurance, and < $20,000 annual income (Locker et aI 1gg1).

Dental visiting has previously been associated with low sES (Haefner

et al 1967; Antonovsky and Kats 1970). The current study showed that
having > Grade 12 education was correlated with more regular dental
visiting. Income was not correlated with dental visiting perhaps because

patients at the Faculty of Dentistry experience less of a frnancial deterrent

as a result of reduced fees.

In the current study, frequency of dental visiting was not assessed in
the telephone interview but rather through the questionnaire from existing
FoD records. The reliability and vaiidity of the question, "Do you have

regular dental appointments?', was not evaluated. The term .regularity,

was not operationally defrned. However, this fiaw would not have resulted

in a systematic bias since the question was equally undefrned for both cases

and controls. The poorly designed question may have resulted in an

underestimate of the influence of regularity of dental visiting on a history of
periodontitis.
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TOOTHBRUSIIING:

The current study did not find an increased risk for a history ofAp
with a reported toothbrushin g < Llday. There was no difference between the

cases and controls regarding frequency of toothbrushing. These frndings
may be due to the fact that g0.Bva of the total study population reported to
brush > 1/day and there were very few controls (n = lb) who fa ed to brush
at least once daily. similar rates of toothbrushing have been reported in the

United States (887¿) (Nikias et al 1925) and among older Ontario residents
(Payne and Locker 1992). It is believed that the prevalence of daily
toothbrushing is high due to many years of promoting the behavior.

The current study, as weII as previous studies must recognize the
potential influence of social acceptability bias in self-reported behaviors

such as toothbrushing. This bias is diffrcult to control. However, it was felt
that the nature ofthe current study was able to diminish the bias because of
its non-threatening, confrdential telephone interview. If subjects did over-

report their brushing frequency, it courd have resulted in an underestimate

of the influence of toothbrushing frequency on a history of Ap.

In the current study, being male and having a higher plaque score

were correlated with less regular toothbrushing, findings consistent with
the literature. The former observation has been exprained by differences in
genders regarding disease prevention knowledge and behavior.

FT-OSSING:

The reported frequency of daily flossing among the study population

was 24.3Vo, somewhat higher than tinat (IE.gVa) reported in a survey of
randomly selected adults in the united states (Harris and Guten lgrg).
Frequency of flossing for interproximal cleansing of the teeth was found not
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to be related to a history ofAp in the current study. Flossing frequency was

not correlated with toothbrushing or lever of plaque score. The former may

be due to over-reports of toothb¡ushing and the ratter to inadequate flossing

technique among some who report daily flossing.

studies of elderly adults have shown that use of interproximal
cleaning adjuncts is uncommon and infrequent (payne and Locker 1g92).

The infrequent use of floss compared to toothbrushing may be related to its
more recent introduction into the daily home-care regimen. In addition,
flossing is a more technically challenging and less comfortable procedure.

Failure to floss may also be associated with ress social disapproval than
failure to brush.

The influence of sES on health behavior must be recognized. The

current study found increased education was correlated with increased

toothbrushing and dental visiting. Increased levels of education and

income have been shown to be correlated with increased dental visiting in
other studies as well (Nikias et al Ig75; Blaikie 1929). These associations

may exist because those with higher education perceive fewer barriers to
preventive behavior (Kasl and Cobb 1966; Syrajala et al 1992). Behavioral

differences may also be related to variations in access to health knowledge,

beliefs in susceptibility (Williams 1972) or differing relative values
regarding desired health outcome (Blaikie 1979; Rundall and wheeler 19?9)

or a sense of hopelessness, fatalism and having an external locus of contror

among those of lower sES (Norman 19g6). Differences may also be related to

the dental care delivery system's attitude toward lower sES groups (Blaikie

1979). some studies show that even when frnancial barriers are eliminated,
preventive dental visiting is less frequent among the lower sES (Manning et

al 1986).
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Traditional behavioral moders such as the Health Belief Model
(Rosenstock 1966; Norman 1986) and Fishbein,s Theory of Reasoned Action
(Norman 1986; Glanz et at 1g91) have attempted to explain and predict

health behavior but have failed to account consistently for variations in
behavior among SES groups (Rundall and Wheeler 1g7g; Chassin et al
1984). Despite these challenges, an attempt at understanding how
psychosocial variables influence health and health behavior seems

essential in the design, imprementation and evaruation of prevention or
health promotion activities.

9.1.4 Chronic Conditiond Diseases

The influence of a number of chronic conditions and diseases on a
history of AP was investigated in the current study. It was believed that Ap,
like other chronic conditions may be influenced by or associated with these

conditions and diseases. The diseases which were investigated included:

diabetes and ischemic heart diseases (angina, myocardial infarction and

arterio/atherosclerosis). Hypertension was also investigated.

DIABETES:

There were 16 subjects who had been diagnosed with diabetes and an

additional six who had been told they had borderline diabetes. combined,

this constituted a 5.87a prevalence of diabetes among the total study
population (n = 382). This corresponds to the 6Eo prevareîce of diagnosed

diabetes/current fasting plasma glucose of > z.g mmol./L among adults 1g

years and older in Manitoba in 1991 (young et al 1991). Atthough the
current study population is not meant to be representative of all
Manitobans, consistency of disease prevalence data between the two
populations supports the internal validity of the measures used by the
current study to determine disease exposure.
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No attempt was made to distinguish insurin-dependent diabetes

mellitus from non-insulin dependent diabetes mellitus despite the fact that
age-of-onset was available. The prevalence of the singular conditions was

too low to analyze.

In univariate analysis, there was a trend for those with a history of
diabetes to be at increased risk ofa history ofAp with an un-adjusted oR =
2.32, CI = 1.25 - 6.69. However, when age-gender adjusted, the risk was no

Ionger apparent. These frndings may be explained by the influence of age on

the prevalence of diabetes. Increased age was correlated with diagnosed

diabetes in the current study and diabetes has been shown previously to be

associated with increased age (young et al 1g91).

The literature contains conflicting reports regarding an association

between diabetes (IDDM and NIDDM) and a history of Ap. while some

studies show an increased oR of approximately three times (Emrich et ar

1993), others fail to show an association when confounding variables were

controlled (Barnett et al 1984). This lack of consistency may be due to
differences in populations studied and methods of measuring both Ap and

diabetic status.

ISCHEMIC HEAR'T DISEASE:

Among the total study population (n = sg2) onry 12 subjects reported a

history of Myocardial Infarction, 27 Angi.'a pectoris, and. 2L Arterio/
Atherosclerosis. combined, 40 (r0.5vo) of the study population had a history
of one or more, (i.e., any) ischemic heart disease(s). Reported histories were

not confirmed through medical consultation therefore the validity of the
method of exposure-determination is uncertain. However, these diseases

are generally perceived by patients as salient and serious such that they

would not likely under-report their exposure.
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Within the study population (n = 962;, univariate analysis revealed an

increased un-adjusted OR for Ap among those with a history of any

ischemic heart disease, OR = 2.20, CI = 0.98 - 4.g4. However, following age-

gender adjustment, there was no longer an increased risk for Ap due to the

strong influence of age on ischemic heart disease evidenced by the
correlation between increased age and a history of any ischemic heart
disease in the current study. Increased age has been associated with
higher prevalence of ischemic heart disease in previous studies (young et

aI 1991). Among the young adults, there were too few subjects reporting a

history of any ischemic heart disease to complete anarysis. No difference

was observed between cases and controls regarding ischemic heart disease

within the older adult population aged > 55 years.

IIYPERTENSION

within the total study population (n = BB2), 96 (25.rva) reported having

been told by their physician that they had hypertension or high btood

pressure' This percentage is somewhat higher than that (L7 vo) nound

within a random selection of adults aged 18 and over in Manitoba in 1gg1

(Young et al 1991). The prevalence may be higher in the study population

due to differences in methods of determining hypertension and to the older

ages ofthe current study population (85 - 8z years) compared to 1g+ years in
the Manitoba Heart Health survey. In the current study, when previously

diagnosed hypertension was combined with clinical measurements of sBp
> 140 or DBP > 90 mm/Hg, IBI (BA.SVa) had a history of hypertension

suggesting that not all subjects with elevated blood pressures at the time of
their clinical periodontal examination had been diagnosed by their
physician as having high blood pressure. These additional case findings
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support the continued evaluation of blood pressuïe for patients attending

the FOD dental clinic.

In univariate analysis within the study population (n = 862),

diagnosed hypertension alone, was associated with an increased

unadjusted oR = 1.91, cI = 1.14 - 8.19, while the combined variabre was

associated with oR = r.82, cI = 1.14 - 2.gg. Neither remained signifrcant

when age-gender adjusted, indicating the influence of age on hypertension,

evidenced by the fact that the current study showed increased diagnosed

hypertension was correlated with increased age, as has been reported

elsewhere (Young et al 1991).

None of the chronic diseases or conditions investigated were
associated with an increased risk for Ap when age-gender adjusted. This
finding may be due to one or more of the following: 1) there is no true
association; 2) the prevalence of certain conditions may have been

inadequate to identify differences, Type II error; s) the chronic conditions

were under-control through medication, thus diminishing their potential
effect on AP; 4) the chronic condition may have been undiagnosed. The rast

three scenarios would have resulted in an under-estimation of the
influence of these conditions on Ap. Further study is warranted.

9.1.5 Use of Medications With potential Drug Actions

The influence of a number of medications on a history of Ap were

investigated including: dilantin, cyclosporin, nifedipine and
estrogen /progesterone.

The reported use of the medications of interest was low among the

study population (n = 382), even when analysis considered use of ,one or

more' of the first three medications: Dilantín = 2, cyclosporin = 0,

Nifedipine = 3. EstrogenÆrogesterone had been used by l4B (64.lva) females.
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Inadequate exposure to the medications curtailed further study of all
but estrogen /progesterone. The unadjusted oR for estrogen/progesterone

showed a trend for reduced risk among those who had ever taken the

medication, OR = 0.62, CI = 9.35 - 1.12. However, subsequent to age

adjustment, there was no longer an association, suggesting that more of
the young \¡/omen may have reported ever having taken the medication.

This flrnding could be related to more frequent use of oral contraceptives

among women aged 35 - 54 years or to recall bias which could have

diminished the older women's recollection due to their more distant use of
the medication. There was no evidence of increased risk for Ap or Bop
(gingivitis) in the current study although the latter has been reported

previously (Knight and lvade 1979). BoP associated with use of hormones is

likely transient. Increased BoP may not have been evident in the current
study because of the cross-sectional assessment of Bop and inability to

determine when the subjects were exposed to the hormones.

9.1.6 OralFindings

9.1.6.1 Plaque Score (PS)

Within the total study population (n - Bg2) there was a fairly even

distribution ofplaque scores: Approximately 50vo ]nad. aps < 50va. only one-

third ofthe population had a PS > 67vo. Regardless ofhow one assessed ps,

univariate analyses showed an increased risk for Ap with increased

plaque, unadjusted OR = 1.84 (> EOVI) and OR = 2.59 (> 62Z¿). The OR

decreased somewhat but remained significant subsequent to age-gender

adjustment indicating that some ofthe difference was explained by age and

gender.

Plaque (> 50Va) was entered into Model #1 for the total study
population. The unique effect of plaque on a history of Ap was not
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signifrcant, but showed a trend with an increase OR = 1.55,p = 0.0g. plaque

may have shown a greater effect but age and gender were present to explain

much of the variation in this model. other studies have shown that the

elderly (Haefner et al lg67; Payne and Locker 19g2) and males (KasI and

Cobb 1966; Williams and Wechsler 1972; Wilson and Elinson 19g1) generally

have a higher plaque level.

It must be remembered that the pS was taken only once for the

current study. Plaque scores are known to be transient and thus would be

Iimited in their association with increased risk for lifetime experience with
AP.

BLEEDING ON PROBING (BOP):

Within the total study population (n = BB2), few had > 67Va F¡Op (B.wo)

while over half had 0 - 33vo BoP (87 .6vo) and the remainder had moderate

BOP 34 - 66Va (34.3Vo). Since so few had > 67Vo BOp, cell size was inadequate,

and > SOVo BOP (24.7Vo) versus < 50Va (75.BVo) was used for analyses.

Within the study population (n = 862), univariate analysis showed an

increased risk for AP among those with > 50Va BOp, OR = 2.47, CI = 1.41 -

4.30. subsequent to age-gender adjustment, the oR remained signifrcant,

OR = 2.4O, CI = 1.33 - 4.32 indicating that age-gender did not explain the

difference in BOP between cases and controls.

Among the young adults, the OR = 2.67, CI = 1.26 - 5.6, remained

signiflrcant while older adults were not at increased risk for Ap when they

had > SOV, BOP, OR = 2.17, CI = 0.87 - 5.48. Differences between the two

stratifred age groups regarding their risk to Ap due to Bop > Eovo may be

related to the differential number of teeth present. The elderly group had

fewer teeth present to be susceptible to disease or on which to detect Bop.
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BOP was not correlated with plaque score in the current study. This

frnding may be explained by the plaque removal capability of subjects just
prior to the cross-sectional dental exam. Bop scores provide evidence of
long-term plaque removing behavior, the latter being unavailable in the

current study.

9.1.6.3 NumberOf Teeth hesent

Preliminary to frnal model building, the influence of the number of
teeth present was investigated. It was determined that inclusion of < 25

teeth would mask the effects of other potential explanatory variables. It was

decided to eliminate this risk marker from further analysis.

Having < 25 teeth present was correlated with < Grade 12 education,

< $25,000 annual income, and irregular dental visiting. These frndings

were related to age that is, the elderly had fewer teeth present and they

were also more likely to have lower income and education than the younger

adults.

In the total study population, controls had a signifrcantly higher

mean number of teeth present (24.05, SE = 0.42) f,]nan cases (22.83, SE = 6.33¡,

t = 3.3, p < 0.001. Similar tooth loss patterns have been reported for other

populations. Among United States employed aged 1g - 64 years, the mean

number of teeth present in 1987 was 24; and among united states seniors

aged > 65 years, 17 teeth were present whlle 4lVo of the older gïoup were

edentulous. The current study's elderly were > 55 years, not as old as the

united states seniors and the current study only included dentulous

individuals, while the united states study averaged the number of teeth

present, including the edentulous. Both factors would explain the higher

number of teeth present in the current elderly population (Miller et al lgg7).

Among Iowans aged > 65 years, the mean number of teeth was 19 (Beck et
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al 1987b). Among dentai school patients in sweden, 2í-year ords had a mean

of 26.8 while those 75 years old had 14.6 teeth (papapanou et al 1988).

Among patients > 65 years of age attending the university of saskatchewan

Dental school, Alvo were edentulous at the time of examination or were

treatment planned to be so and an additional 6rva were partially edentulous
(Hoover ând McDermott 1gg0). The prevalence of edentulism among the

elderly attending the FoD, university of Manitoba is uncertain. However,

the latter study and the study of united states seniors suggest that the
prevalence of edentulism among those > 65 may be approximately 40Vo .

In the present study, there was a higher proportion (66.9Vo) of
subjects having > 25 teeth present among the controls compared to the
cases, x2 = 27.64, 1 df, p < 0.0001. This proportion was even greater (g .BVa)

when assessed among the young adults alone, xz = 17.27,I df, p < 0.0001.

However, there was no significant difference between cases and controls

regarding < 25 teeth within those aged > 55 years, x2 = 0.12, I df, p = 0.?g.

Having fewer than 25 teeth present among the young adurts is likely a

marker of previous periodontal disease. This finding is consistent with
other studies which have shown that those with fewer teeth present are at
increased risk for AP (Papapanou et al 1g8g; Locker and Leake 19gB). It is
possible that the older adults in the current study would have been

influenced similarly had they presented with more teeth. The fact that the

older adults were not at increased risk for a history ofAp when they had <

25 teelh could be explained by the study's inability to identifi, a history of Ap
for the teeth which had been lost prior to the periodontal exam.

9.2 CONCLUSIONS

The current study attempted to further the understanding of chronic

adult periodontitis among patients attending the dental teaching-clinic,
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Faculty of Dentistry, University of Manitoba. It did so by analyzing the

influence on AP of a number of variables known to be associated with other

chronic diseases/conditions. In addition to demographic determinants and

dental disease markers, analyses included the influence on Ap of
socioeconomic variables, exposure to chronic diseases/conditions, use of
several specifrc medications and health compromising behaviors.

Due to the design of the current study, diagnosis of a history of Ap
was based only on teeth which were present at the time of the periodontal

examination, disregarding the fact that some individuals had previously

lost some of their teeth to AP. This study ìimitation would have resulted in
mislabeling some of these individuals as controls, thus underestimating

the influence of the explanatory variables on Ap. other design limitations

must be considered, particularly the potential for recall and social

desirability bias. The results of the study should not be generalized beyond

the target population and, due to the study's inclusion/exclusion criteria
may not be applied to all patients who seek care at the FOD.

The current study contributes to our understanding of adult
periodontitis in several ways. It confirms the results of previous studies

indicating increased risk associated with cigarette smoking. A clear dose-

response effect of smoking was observed, particularly among young adults.

In addition, the study identified that being single was associated with
increased risk, an association observed with other chronic diseases but not

widely noted in the dental / periodontal literature. The epidemiological

methods employed in the study could provide a model for future studies in
periodontology and other chronic dental conditions.
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1. Univariate analysis indicated that being > 55 years or older was

associated with 4x increased risk for a history of Ap. Multivariate

analysis showed a 1.06x increased risk with each year among the

total study population.

A dose-response effect was observed with the cigarette-index. There

was a 7.3x increased risk among the 85 to 54 year old heaviest

smokers and 3.8x among the total study population. Those aged > b5

years had no apparent risk associated with smoking.

Being single increased risk in the total study population by 1.77x and

3.07x among those > 55 years. Single 85 - 54 year olds were not at

increased risk compared to those with partners.

Low income was not associated with increased risk.

There was a trend for 1.55x increased risk associated with > 50Zo

plaque. Multivariate analysis indicated no apparent increased risk
for AP associated with gender, dental visiting, brushing / flossing,

chronic conditions/ medications with potential drug action or life
stress.

RECOMMENDATIONS

1. Based on the results of the current study and on the growing

scientifrc evidence that cigarette smoking increases the risk of

chronic adult, periodontitis, further study is warranted.

2. Future studies should be longitudinal and determine the effect

on AP of:

a) community intervention programs of smoking cessation

b) decreased interval of supportive maintenance for

smokers with AP

2.

9.3
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As the current study showed an increased risk for Ap among

single adults, > 55 years, the mechanism of action on Ap

should be investigated.

Although the current study did not detect an increased risk of

AP due to chronic diseases / conditions or to use of study

medications, further study is warranted:

a) within a population where prevalence of exposure is

higher than in the current study

b) using a longitudinal cohort study design

5.4 IMPLICATIONS

The objectives ofthe current study did not include issues of planning,

implementation or evaluation of preventive programs at the Faculty of

Dentistry. However, health promotion activities aimed at reducing risks

identifred through the current study are discussed. potential implications

and the results, along with the results ofthe current study, will be reported

to the Dean of the FOD. The administration of the FOD may wish to
consider strategies to supplement existing preventive programs. In
addition, a summary of the results will also be sent to the study participants

who had requested feedback.

A realistic goal of periodontal disease prevention set by the WHO for

the year 2000 is, "the retention throughout life of a functional, esthetic,

natural dentition of not less than 20 teeth and not requiring a prosthesis,,

(WHO 1982). This goal should be considered when planning programs of

prevention at the FOD. For example, it may be unrealistic, in fact

unnecessary, to attempt to prevent gingivitis or slight adult periodontitis

among everyone since previous epidemiological studies have shown that all

individuals are not at equal risk for moderate-severe periodontal

ð.



t94

destruction (Löe et al 1978, 19S6). The current study suggests that within the

dental teaching-clinic population, there is evidence of increased risk for a
history of AP among certain sub-populations. The effects of directing
preventive programs at these groups should be investigated further.

The current study showed that the risk of a history of chronic adult
periodontitis (AP) among the dental teaching-clinic population was

influenced by several variables (Tabte 9.1). Within the total population (85 _

87 years), increased age, a higher cigarette index, a greater plaque score

and being single were shown to increase risk for a history of Ap. when age

stratified, younger adults (35 - 54 years) had an increased risk for Ap
associated only with a greater cigarette index, while older adults (> 55

years) who were single or who had a family income > $25,00o/year were at

increased risk. strategies of health promotion which would permit the
Faculty of Dentistry to address these variables are discussed.

LEVELS OFPREVENTIIOÑ

In general, prevention of periodontal disease has been broadly based,

involving primary, secondary and tertiary prevention.

Primary prevention involves the control of causative factors of disease

by reducing risk factors, environmental exposures, and,/or providing early

interventions (Frazier and Horowitz 19g0; united states Department of
Health and Human services 1gg2). primary periodontal disease prevention

attempts to deter significant clinical attachment Ioss in healthy
sites/individuals (Imrey 1986) but does not imply complete control of
gingivitis (Frandson 1g84). Fluoridation is an effective means of primary
prevention of dental caries in communities (wHo 1970; Graves et al 19g6)

however, a similar agent has not been identifred for the prevention of Ap.
Therefore, personal oral hygiene at the individuar level is most often
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advocated as a means of primary prevention (Heifetz and Suomi 1978; Burt
et al 1984).

Secondary prevention attempts to deter cìinical attachment loss

among sites/individuals who have some probing depth or pre-existing

attachment loss (Imrey 1g86; Frazier and Horowitz 1g90) through early case

frnding and treatment (united states Department of Health and Human

Services 1992). Early treatment has been shown to improve prognosis
(Frandson 1984). Periodontal treatment generally consists of scaling and

root planing (i.e., root surface debridement) and sometimes periodontal

surgery.

Tertiary prevention employs reconstructive measures to immob ize

teeth and prevent tooth loss in sites/individuals with advanced attachment

Ioss (Imrey 1986). This may be accomplished by providing supportive and

rehabilitative services thus minimizing further destruction and
maximizing the individual's quality of life (united states Department of
Health and Human services 1gg2). Edenturous areas may be reconstructed

with prosthetic devices such as bridges, partiavfull dentures or through the

use of dental implants. Additional periodontal destruction is generalìy

controlled through periodic periodontal supportive recall appointments.

Existing hogram of Periodontal prevention At FOD:

AII three of the aforementioned levers of prevention are currently
incorporated into the undergraduate periodontics program at the FoD as

evidenced by the following brief program description.

Case Finding:

Patients receive a general oral screening at the FOD followed by

dental and periodontal examinations. Diagnosis, prognosis and treatment
plans are formulated based on the case frndings.
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Patient Education and Oral Hygiene Insbructions:

Patient education at the FoD attempts to increase the patient's

awareness, knowledge and understanding of periodontal disease and its
etiology. Based on the scientific literature, personal toothbrushing and

flossing are recommended along with adjunctive aids to controvprevent Ap
(Löe et al 1965; HeifeLz and suomi 19TB; Lindhe et al 19zB; Abdellatif and

Burt 1987). oral hygiene instructions have been shown effective in reducing

patient's plaque scores (Lightner et at 1gZ1).

All patients who are accepted for treatment as ne\ry patients into the

FOD and those returning for follow up care receive an oral hygiene

assessment and individualized instructions in oral self_care.

Scalingand Root Planing (SRP):

The beneficial effects of subgingival plaque and carculus removar

have been documented (Lovdal et aI 1961; philström et aI 1981; Lang 19g4).

Root planing has been advocated to smooth root surfaces in order to

discourage plaque accumulation; to eliminate endotoxin-contaminated

cementuin; and to better ensure complete calculus removal. SRp is
provided, where appropriate, for all new periodontal patients at the FOD as

part of their initial periodontal therapy and also for patients returning for
supportive recall therapy.

Periodontal Su¡ger¡r

Periodontal surgery has been an integral part of periodontal therapy

for decades. The effrcacy and effectiveness of periodontal surgery have been

established through longitudinal prospective studies, although many

studies have been quasi-experimental and have not included analvses of
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cost-effectiveness ol quality of tooth-years in comparison to non-surgical

therapy (Shanley 1980; Lang 1984).

Periodontal surgery is provided for patients at the FOD in whom

scaling and root planing and improved oral hygiene are unable to establish

a periodontal environment compatible with health.

Periodontal Supportive/lVlainrbenance Therapy:

Supportive periodontal recalVmaintenance programs are designed to

reinforce oral hygiene instructions, remove re-occurring calciflred and non-

calcified accretions and to monitor periodontal disease activity.
Longitudinal studies have demonstrated the effectiveness of recall
programs (Lightner et al 1971; Axelsson and Lindhe 1978, 19g1; Ramfiord

1987) however, the ideal interval of recall is less certain. periodontal

patients at, the FOD are generally recalled twice yearly, once between

September - December and once between January - May.

COMPREHENSIVE PROGRAM OF HEALTTI PROMOTTONAT TTIE FOD:

Based on the results of the current study, cigarette smoking appears

to increase the risk of AP among the dental teaching-clinic patient
population. This frnding is consistent with the results of numerous other

studies in a variety of populations. However, few studies suggest

incorporation of smoking cessation /prevention programs into programs of
periodontal prevention (Haber and Kent 1gg2).

A number of "Individualisttt Strøtegies directed at, smoking
prevention and./or cessation are outlined for considered bv the FOD:

Dental health education at the FoD should include information for
patients regarding the deleterious consequences of cigarette smoking

on the periodontium.
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2. Smoking prevention programs should be incorporated into dental

health education for adolescents since previous studies have shown

that smoking is generally initiated during the adolescent years

(Chassin et al 1984). This intervention would reinforce messages

provided by public health programs and by other health
professionals.

Linkages should be investigated between the FOD and The Manitoba

Lung Association in order to establish a mechanism of referral for

dental patients into programs of smoking cessation. The Lung
Association operates a "Freedom from Smoking Clinic,,. The

smoking cessation program is offered three times per year in the

Fall, Winter and Spring. Each program consists of g sessions. Other

agencies such as the Manitoba Cancer Society and the Heart and

Stroke Foundation may have similar smoking cessation programs

which could be investigated. The Lung Association has desígned a

number of age-specific smoking prevention/cessation pamphlets

which could be made available for distribution at the FOD.

Collaboration with the Lung Association in the preparation of
additional health education materials could be investigated.

Patients who smoke and fo¡ whom periodontal surgery is planned

should be advised of the consequences of smoking on periodontal

health, in particuiar on healing following periodontal surgery
(Preber and Bergstrom 1990) and such patients should be referred to
programs of smoking cessation.

Additional studies should be carried out to identify individuars at
increased risk for AP so that periodontal interventions may be more

selectively provided. until such time as there is suffrcient evidence to

formulate a true "High Risk Strategy,,, clinicians should include

4.

5.
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cigarette smoking along with the standard clinical parameters of
probing depth, bleeding on probing, plaque score and clinical

attachment loss to identifu patients who may be at increased risk for

AP (Grbic et al 1991).

6. consideration should be given to reducing the interval of periodontal

supportive recall appointments for smokers with periodontitis

particularly since clinical signs of inflammation are often masked.

ttshttcturøIíst strategíes" should also be considered by the FoD as a means

of smoking prevention /cessation. The structuralist or popuration strategy

generally includes a community-wide approach of general health
promotion as well as community participation in planning and

implementation; community leader education; public dental health
education; mass-media methods; environmental changes; and education of
all health professionals to improve their health education programs and

techniques (Sheiham 1991).

The FOD has been involved in numerous public dental health

education programs over the years through the erementary/secondary

school systems, community health fairs and through mass-media. The

undergraduate dental curriculum provides students a basic understanding

of the epidemiology of dental disease as well as disease prevention at the

individual and community level. The community Dentistry courses

prepare students to participate in dental surveys and dental education

programs. Based on the current study,s frndings regarding the influence

of smoking on periodontal health, ihe FOD may wish to consider

broadening its community and health promotion involvement.

7. The FOD should investigate becoming more involved in general

disease prevention in the community, particularly with regard to
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smoking prevention and cessation. Involvement could be initiated by

the FOD through the Manitoba Dental Association. For example, the

Manitoba Medical Association has representatives on a health_

activist committee, Physicians for a Tobacco-Free Manitoba as weII

as on the national committee, physicians for a Tobacco-Free Canada.

Members of the FOD could provide scientifrc evidence to the MDA to

support the establishment of a comparable committee within the

MDA. Committee activities could include political actions to
influence decision makers and governments (Frazier 1g?g) and.ior to

make regulatory changes in the social and physical environment
(Locker 1989; Jeffrey 1989).

The FOD and MDA could work collectively with other health
professionals to advocate social and political changes to enhance health.

For example, health care providers could advocate at various levels of
government to further control cigarette advertising. They could request

additional tax sanctions to discourage the purchase of cigarettes or to
impose and enforce sanctions on establishments which seII cigarettes to
minors. Requests to the federal government could be made to identify and

regulate nicotine as a drug. They could advocate economic incentives to
farmers for producing an alternative crops to tobacco could be advocated

(Jeffley 1989).

Marital Status:

The results ofthe current study indicate that older adults (> 55 years)

who are single are at approximately three times greater risk for Ap than
those with partners. Although the exact influence of being without a

partner on increased risk is not known, it is suspected that single elderly

adults may lack support for: transportation to dental appointments and
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reinforcement of daily oral hygiene practices and personal grooming.

Those who are single may not be discouraged from participating in health-

compromising behaviors as are those with partners.

8. The FOD should investigate the influence of marital status on Ap.

This may be done by determining whether programs directed at

providing transportation for the elderiy to the FoD or whether more

frequent supportive periodontal appointments directed at reinforcing

and encouraging oral self-care would improve their periodontal

health.
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Please answer the foLlowing questionsCircle yes or no, if you uí"=rrãi 
=,_r..question nark next to the question.

rTI. DENTAL HTSTORY

Gb,
accurately as possible.
the answer put à

CHART

as
of

DENTIST'S NAME,/ADDRESS

PH ONE

Date of last dentå1 appointment

1. Do you have regular dental appointments?
2. Have you had any trouble with previousdentaL treatnent ?

3. Do you think saving your teeth is a wasteof time ?

4. Do you have any lumps or sores in yourmouth now?

5. Have you ever had. Iurirps or sores in yourmouth be fore ?

6. Do you have pain j.n the teeth, jaws orhead now?

7. 
l:T:"y"" ever had pain in rhe reeth, jaws or

L A:e lherg any dental problems that 11]É inthe fami ly ?

f 'ri:) t LfJ- itISTOFy :

9. t{ave you ever had any problems vrith yourheart or blood vesselè?

lC. Do you get dhest pain?

LI. Have you ever had rheumaEic fever?
12. Do you have high bJ.ood pressure?
13. Have you ever been told you had an abnormalsound in your heart?
14. Have you ever hêd tuberculosis or emphvsema?

15. tlave you ever had asthma or hay fever?
16. Do you get short of breath when lying downor when clirnbing stairs?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

l\¡

: e5 ti(l

Nr -,

Ir.) cQ lz
NO

¡J()

llo

Yes

Yes

Yes

Yes

Yes

Yes

Yes



L7 . Ðo you have p.::ob.Le-=s :,.--:th you= bc,wel movements ?yes

18. Have you gained or lost weight recently? yes

19. Have you ever had hepatitis? yes

20. Have you ever had ulcers of your stomach yes
or inÈestines ?

2I. Have you ever had thyroLd problems? yes

22. Have you or any menber of your family had yes
diabetes ?

23. Àre you pregnant? yes

24. Have you ever had any kidney or bladder yes
prob Iems ?

25. Have you ever had any trouble with your
g lands ?

No

No

No

No

No

NA ()Z¿

No

No

No

26.

27.

29.

?o

30.

31.

32.

33. Do you,have any joint or muscle pain?

34. Do you suffer from frequent or severe
headaches ?

35. Have you ever had problems with locat orgeneral anaesthesi a ?

Have you ever taken medication for an
emoÈiona1 prob lem?

Have you or anyone in the family ever hadfits, seizures, or convulsions ?

Have you ever had a skin disease?

Do you have any eye problems?

NO

No

No

No

No

No

38.

?o

Have you ever had syphilis, gonorrhea or
any oÈher veneral disease ?

Have you ever passed blood in your urine?

Have you ever bled excessively folJ.owing
tooth exÈraction or a cut?

Have you ever had a blood transfusion? why?

Àre you on blood thinners?

Have you ever had problems with your blood?

Do you have frequent fractures or dislocations
of bones ?

Yes

Yes

Yes

Yes

Yes

YeS

Yes

YeS

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

36.

37.



Chart #

41 . Do you have any nose problems?

42. Do you have any allergies?

43. Have you ever had any unusual react¡ons to medical
treatment?

44. Are there any diseases or medical problems that run in
the f amily?

Do you smoke, drink or use no n-prescriptio n drugs?

Have you ever been hospitalized?

Are you taking any medication?

COMMENTS ON ANY OFTHE QUESTIONS:

BLOOD PRESSURE:

DATE:

Yes t\b

Yes Ì.b

Yes l.b

/Ê

46.

47.

Yes Nb

Yes Nb

Yes Nb

Yes Nb
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RÃDTOGR.\PHIC STUDY PROTOCOL
BWX PHASE

GENERÀL I NFORI-{.,A.T I ON :

7. Enter chart nunber and subject name.
2. Determine which BWXs wíl-l be used for evaJ.uation.3. Prior to makj.ng measurements, place aIl_ BWX that wj_Il

be used on the view box for simultaneous viewing.
4. Make sure Iíghtj-ngf condj-tions in the room and on the

view bcx are consistent for every evafuaticn.
5. Àt the beginnì.ng of each sessj_cn, check Lo see Lhat the

compass is still Locked on 3mm (use ruler provided).
6. ÀIways read the films from patienl's Max. Rtqh-r toMax.Left, then from paiient's Mân.Left to Mand.Right.

PART I. IÌ{ÐIV¡DUÀ,L SURTÀC! EVÀLUÀTiON:
. Place the unmounted BWI( in posrtion on viev,, box.. Place the 1st poínt of the compass on the CEJ (re., the

landrnark where the outer edge of the enamel oi the
crown intersecls the our-er edge of the denti¡r of theroot). Plece the 2nd compass polnt adjaceni to theroot surface at the .À-fveolar Crest (ie., the mostcoronal point of bone adjacent tc the tooth surface
where the periodcntal ligament spece has a uniform
wi.dth ) .

. If two radiographs of the same tooth are avarlable,
the one with the more distinct l-andmarks is to be used... When i-n doubt, consider a surface normaL.

. Enter one of the following codes for each surface onthe form:

x when the tooth ís mj-ssj.ng or partially erupted.? when the surface is unreadable, whether due to
overlapping j-mage; cone-cut; CEJ or ÀC obscured
by caries/restoration/etci or J.mproper filmplacement, exposure or processing.

+ when the 2 compass points are exceeded by the
distance between the CEJ and ÀC.

- when the distance between the CEJ and ÀC does
not exceed the distance between the 2 comoass
po Ínts .

PÀRT II: OVERÀLI DÌAGNOSIS: -. Based on findings from lndj_vidual Surface Diagnoses:

. Circle "YES" if the ÀNy surface had evidence of a
dístance greater than 3mm between the CEJ and ÀC ie,, adistance greater than the distance between the tr+o
compass points.

. Circle "N0" if the distance between the CEJ and ÀC isequal to or less than the dj_stance betlreen the twopoints on the compass for ÀLL tooth suïfaces.

. If an overall diagnosis can not be made due to
unreadable films, circLe ''UNREADÀBLE".



Ç" c-"t'{

RADIOGRAPHIC STUDY PROTOCOLIIPÀII AND PHASE

GENER¡,L IN!ORMÀ.TION :
1. Enter chart number
2 DetermÍne which radiographs wil,l_ be used for evaluation3. Place aII pAs and/or Þ¡W-t¡,"t y¡ill be used in theevaluation on the view box for simultaneous viewj_nçr.4, Make sure lighting conditions in the room and on theview box are consistent for every evaluation.5. At the beginning of each session, check to see that thecompass ís siitl locked on 3mm (use ruler provided).6. Àlways read the fiLms from patient's Max.Right toMax.Left, then from patient's Man.Left to Månd.Right.
PÀRT I: INDIV]DUAL SUR¡ACE EVÀLUATioN:

.Place films in position on the view box.

.Place the 1st point of the compass on the Cf.; (j.e., theÌandmalk where the outer edgre of the enamel of thecrown intersects the outer edge of the dentLn of theroot). Place the 2nd compass point adjacent to theraì¡11 clrrf r^ô
. If two radiographs of the same tooth are available, theone with the more disttnct landmarks Ís to ¡e useã.. When in doubt, consider a surface normal. Based on existing pÀs and/or pAN, enter one of thefollowing codes for each surface on the forn;x when the tooth is missing or partially erupted.? when the surface is unreådablã, whether duè tooverlappinq image; cone-cut; CEJ or AC obscured bycaries/restorations/etc; or improper f iJ.m pfacemãnt,

exposure or processing.
+ 

-when the 2 compass points are exceeded by the distancebetween the CEJ and ÀC.
- when the disLance between the CEJ and ÀCexceed the distance between the 2 compass

does not
points.

I ND I CATE FROM i.¡H I CH
WAS MÀDE :

IMPORTÄNT NOTfCE:
ON THE LINE BELOW EÃ,CH SURFÄCE ENTRY,
TYPE oF FrLM rHE r"*Ë*8il: ruorruÈäåoËo

2 FOR PÀN

PÀRT IT: OVERALL DIAGNOSTS:
. Place aLl pÀ and p.AN films in position o., th" vj.ew box.. Circle "YES" if the alveolar crest ( ie., tire mõsi ----'coronal point of bone adjacent to the tooth surfacewhere the periodontal Iigament space has a unifòimwidth) is beyond the 2nd point of the compass for ANytooth surface.
. Ci.rcle "NO't if the distance between the CEJ and ÀC isequal- to or less than the distance between the twopoints on the compass for ÀLL tooth surfaces.. If an Overall Diagnosis can not be made due tounreadable films, circle, "FILM(S) UNREÀDABLE.
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PERIODONTAL EPIDEMTOLOGY STUDY

BWX PHASE

CHARTNUMBER- SUBJECTNAME

I. PARTONE: INDñ¡IDUALSURF'ACEEVALUATION:

Make one of the following entries fo¡ each surface:

x if tooth is missing
? if su¡face's radiographic evidence is unreadable+ if dista¡.ce is MORE tlian Bmm from CEJ to ÀC.- if dist¿¡.ce is Bñm OR LESS from CEJ to AC.

1615
__DM___ ___DM___ __MD___

%n
___MD___ ___MD_

4s45
__DM___ ___DM___

45

__MD___

II. PARTI\ilO: OVERÄLLEVALUATION:

The mesial or distal surface of oNE oR MORE 1st or 2nd molar or 2ndp_remolar has a distance of more than 3'.m between lnì cilìn¿ trrealveola¡ crest (AC).

CIRCLE ONE:

YES NO

III. PARTTERæ: (Getskey)

# Surfaces with > 3mm distance:

# Present and readable su¡faces:

BWX UNREADABLE

7o Present and readable surfaces with > B,nm distance:
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PEEIODONTAL EPIDEMIOLOGY STUDY

"PA" AND "PAN'' PHASE

CHART NUMBER- SUBJECT NAME--

I. PARTONE: INDIVIDUALSURFACEEVAIUATION:

A. M¡ke one of the following entries for each surface:

x if tooth is missing
? tf surface's radiographic evidence ig unreadable+ if dist nce is MORE than B¡,,rn from CEJ to AC- if distance is B'nrn OR LESS from CEJ to AC

B. Enter on lower ii¡e rhe TypE OF FILM USED FOR SIIRFACE:

l=PA 2=PAN

C.

%n
___MD___ ___MD_

n
___DM___

16

_DM___
15

___DM___

47

___DM_
4ß

_DM___
45 4â

_MD___ ___MD__

II. PARTTIYO: OVERÄLLEVALUATION:

The mesial or distal surface of oNE oR MORE lst o¡ 2nd molar or 2ndpremolar has a distance of more than 3mm between thc cEiãnd thealveolar crest (AC).

CIRCLE ONE:

YES NO

III. PARTTHREE. (cetskey)

# Su¡faces with > B-- dista¡ce:

# Present and readable surfaces:

FILM(s) UNREADABLE

Vo Prcsent and readable surfaces with > 8m,,. distance:
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L'niveni¿v of )zfanitob4 FactÌIry of Ðentisfry 
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Depârt¡nent of Dental Dagnostic and Surgical Sciences, Radiologr Section

Equipment List

Equipment lfanufacturer
. \,lodel number
. Ciqv
. Date

PAN EQLIP\IENT
General Electric - Penelipse Panoramic X-Ray System, 46-154670G2
. ì¿filwaukee, WI
. February 1978
S.S. \lTrite Penwalt Panorex
. 2411-220X
. Hoknde_L NJ
. ì:f¿rch 1980

PA's & BW'S
Gene¡al Elechic GE-l00
¡ 46-158800G2
. Milwaukee, WI
. February 1978
Ritter - Explorer
. J8J3úr46
. Rochester , NY

S.S. tr!Ìrite Penwalt - Intex
. 2426-3000Y
. Holrndel NJ
. Novembe¡ 1981

PROCESSn'rc EQTIPMENT
Aü Techniques Incorporated
. A,/T 2000 automatic processor
. Hiclisville, NY
. <''|3 Òao :s A
Air Techniques lacorporated - PERI-pRO tr x-ray

processor
. 90060
. Hicksville, l.IY

R-Ål3raph' ' €1.^,pr o^l
C*., nr-,-., P(' 

\'r lViy^'- a-+

Recommended exposì:re
times for all 3 techniques
for postørior areas onþ

I mL l2seconds, 68 to 70
kvp

5 m,1, 20 seconds, 68 to 70
kvp

15 rn \ 15 impulses, 75
kvp

15 m¡b 1/5 seconds, 80
kvp

10 rn-t 0.4 seconds, 70
kVp

Oct 17, 1994
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rgE Q
TELPEONE II\ITMVIEIY

tnrormant's Rererence ruur¡", E tr tr tr trperiodonrar Exam Dare .,rE E
Number E ,,,r,r,

1 =Crawford 2=Huber 3 =Gelskey

lnterv¡ewer's Name

RECORD DATES OF CONTACT(S) AND INTERVIEW
Contact Date lnterv¡ew Date I Notes

Call Back Date and Ïrne

AFTER INTERVIEW ASSESSMENT

the number which indicates your estimation of:

s understanding of questions

Low

12
12
12

3

3
3

4

4
4

High

5

5
5

Respondent's recall of information
of getting same responses in two weeks

FINAL STATUS OF

Unable to contact. Reason(s)

Completed

INTERVIEW: Check One

tr
f
tr

t.

3. a) Refused. Reason(s)

b) Obtained Level of Educat¡on: lf No, enter - 88

lf Yes, go to Q2ô and enler
tr

response

4. Other Comment(s):

ïnE of lr¡tervie\¡/: t¡ _ =_ m¡n



198 E
Iry so!æ quesliotts, r tuìll refer to rg-. You had. one of your dentar æans don¿ otthe_lacultyth{year.Thatwas4q_=:_===q9are) ïgo. I,d tíie ti tiøo ty
askíng æaeral questìons a.bout T0ùITI CLEANING.

Q1. Before 19- , how often did you brush your teeth? (Do uqii read lis, E
1. once or more each day
2. once or more each week
3. once or more each month

Q2. Before 19- , how often did you use dental floss? (Do ¡of read list) tr
1. once or more each day
2. once or more each week
3. once or mo¡e each month (Prompt Can yoube rnore clear?)4. rarely
5. other (specify)
6. never
- 9. don'ú know/no response

I would naw lìke to ash you sorne qucstions about CIGARETIE SMOKING,

Q3. Before 19_, did you EVER smoke cigarettes?

0 = No tcotoe6l
1 = Yes
- 9 = Don't knoØno response

[Ente 1 if 1es, even if it was just to "Ey ifl and be sure to ask e4 and e5J

Q4. Before 19__, apnroximatelv how many cigarettes did you USUALLY
smoke each day ? r 25 cigareftes per package)

Enter approximate number of cigarettes
*húer - 88 if did not usually smoke cigÐettes dailv*
Ente¡ - 99 if doesn't k¡odno responsJ
IPROMPT¡ rf they say they h-ave quit, aak, rwhen you dirl ¡moke, approrimatcry how ¡¡¡år¡y
cþarettce did you uru-ally smoke each day?)

4. rarely
5. other (specifr)
6. never
- 9. don't knodno response

CÞompt Canyoube more cþa¡?)
On average. how often?

trtr

I pack = 25 1á pacL = t2 l1á pack = S?



198 E

Q5. Altogether, aop¡oximatell¡ how many years have you smoked?

Enter approximate number of years
Enter 01 if one year or less
Enter - 99 if doesn't knodno response
(PROMPI: Try you¡ beet to estidat€ the nu:nber of ye-ars that you have emoÈed|

Must be asked if Q3 was answercd ?esll
I uotùd nout like to ash gou a feu qtestians abuf BLOOD PRESSURE

Q6. Before 19-, had-you ever been told by a doctor or nurse that you had high
blood pressure or hypertension?

0 = No. co ro etO
1 = yes
-9 = Can't remember/no response. C.o to etO

Q7' app¡øi¡sately_how old w.erqy-ou when you were first told that you had high
blood pressure4r¡pertension?-lenter age]

Enter approximate age in years tr tr
Enter -99 if can't remember/no response

(PROMPI} TÞ your best to estitp.ate your age wben fi¡:st told y6¡r ha¡t EBp)

Q8. Before 19-,^did you EVER take any medicine for high blood pressure or
hypertension?

0 = No. cotôQl0
1 = Yes
-9 = Ca¡'t remember/no response. Go to ero

Q9. fltogethe¡, apergrir.n?.tely= how many years have you taken medication(s)
for hypertension/high blood pressureí -

tru

Enter approximate n,¡nber of years medication t¿ken tr tr
Ente¡ 01 if one year or less
Enter - 99 if doesn't lrrodno response



19DQ
Notr., I unuld likc ta ask pu a feus questíons abut HEART DISEASE.

Q10. Befo-re.19----, diq your doctor ever tell you that you had any of the following
conditions? I will read a list. Please say yes or no to eacb condition. (Read
List)

hterO=No Ifyeg ask sApproximateþ how
Fnter 1 = Yes 

ffiwere 
Vou when l¡ou welæ fi¡st

[Enter age in yeas]
[Enter -99 if doesn't how/ no
response or not ryplicablel

1. Hearrattack r. E-+ r. t] D
Pronpt Sharp paþ usualþ hospitalized

zE-+ rr trtr
P¡ompt Sharp chesú pein = Nihog\rcerine

3. HardeningofArteries s. E+ IIL
Promptu Proble'¡q with blood vessels (Athero/Art¿rioloscìemsis)

trtr
If all tåæe = 1rlo", go to elS

Q11. Before 19_, did a doctor prescribe medication for [p,ead condition(s) they
rcportedinQl0J?

2. Angina

Enter 0, l or-9 foreach box
Q = no, I = yês, .9 = not t€le!'arrú

1. Heart Attack Medications
lPrompt: eg, Iaderol, Nitroglycerine, Aspirinl

2. Angina Medications
lPrompt: eg. Nitro glycerine]

3. Hardening of A¡teries
[Prompt: eg, Cholesterol lowering neds, Aspirin]

1. For heart attack

2. For Aagina

3. For Hardening of Arieries
[Ask +hern to get medication bottle(s) if undear]

If all thrce = 0 or -9, go to Q13

Q12. Altogether, approximately how many years did you take this/these
medicines? [Enter number of years or -gg if can't r,emembevho ræsporse]

tr
tr
tr

tr
E
tr

u
tr
tr
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The næt feu qu¿stia ns a¡e ahut DIABEÛES.

Q13. Before 19- , had you ever been told by a doctor that you had

0 = No. coroe17
1 = yes
2 = Borderline-9 = Çen'f ¡emember/no response. C,o to elz

Qt¿. 4pprgxlqeêtelv how old were you when you we¡e first told that you haddiabetes?

trtr

diabetes?

tr

Enter approximate age in years
Enter -99 if not sure/don't remember
(Promph Tþ your best úo give approximate age.)

Q15. Before 19- were you ever on any treatment for you: diabetes?

0 = No. co to efz
1 = yes
-9 = Can't remember/no response. Go to el7

Q16. what treatment(s) have y_ou EVER been on for diabetes? I will read a rist.Ple¡ss s¿y yes or no to indicate whether yo" hroe rven'"."à*t¡r.i"ìr"ùìË
treatments

Þrüer0=No

ntter.g=canTffi ef#r¡¿ont¡row

A. Insulin

B. Pills to cont¡ol blood sugar

C. DieUweight loss

D. Any otåer treatment? (Specify)

tr
tr
tr
tr
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The frnal medical qu.estíons anc about OTHER MEDICINES.

Q17. Before 19_ , did you ever take any of the following PRESCRIPTION
medicines?

Þrts0=No Approxírnateþhow
Þrte¡ 1 = yes r¡any yeans díd you

E+1. Dilantin /Phenytoin
(ProrrrFt For epilepqy or seizures)

2. Cyclosporin/Sandimmune
(h:oyrrFb To prelnent h:anspla.nt rejection)

3. Nifedipine/Adalat
(kom¡rb For angÍna, hypertension)

+

E_> tlD

take medication(s)

trtr
trtr

[*Ask Wornen Ontyf, þvrnn .s anu -ss FoR MEtrl

4. Birth Control Pills, or Estrogen/
ProgestroneÆrovera

Etr
(P"oyyrìt Itrormone replacement tJrerapy - po6ú y''ênopan¡se - post hyrsterecúory)

For Womcn: Fnte¡r actual number of years each was taken
E¡rter 0l if one year or less
Enter - 99 if doesn't krow/no reqronse
Enter - 99 if yEARS ARE NûTAPPLICABLE

Q18a. Pg!1e-lg-_${_ygg lgs¡lady-takq A}lY OTHER piils or med.icines MORE
THÄNTHREE TIMES EACH WEEK?

0 = No co to et9
1 = Yes cotoQlSlb-9 = Ca¡r't ¡emember/no response. C,o to e19

0=No
1 = Yes-9 = Can't remember

Q18u. Di4 vJu Lale ANY of the forlowing anti-infl¡mmatory or pain medicines
MORE TIIAN th¡ee 'mes each week? lRead list slowly]'
4.pi4rl (ASA), Bufferin, Entrophen, Adyil, Motrin, Volteran, Indocid, Dolobid,
Toradol, Anaprox or any other pills for Arthritis or Héart: (ro";fr) - _
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len Q
Ity^l. t-f,eyt questíons let us look at EEALTIT FAcroRs By DTFFERE¡fi|GROWS LIKE AeE, qENDER, OCCA?ATTON, ETC. =-="-:¡3

Q19' on a scale of 1 to 4, "one" being_ 4o.lE st¡essfi'r and "four" being extremery
st-ressfi:I, how stressfirl-rvas your life before 19_ ? fn othe, 

-wi.ãÀ, 
u. .oadult have you had . . . IReaci r.ist slowlyl

3. mOde¡ate st¡esS tPr,ompt TÌy to descibe Srour overall average4. extreme stress bvel of shessl-9 Don't k¡odno response

[ProûpÈ soFe eworrples oflife stress a¡e = death in famìIy, divonce, war, job loss, serious
ilbress, etc.l

Q20. What is the postal code of your current home?

1. no stress
2. slight stress

[Repeat code - and say 'V - as in Victor", etc.]

Q21. Enter respondent's sex

0 = Female
1 = Male
-9 = No response

Q22. What is your date of birth?

Enter -99 if don't howho response

Ja¡ 01 May 05 Sept G)Feb02 June 06 Oct fO
Ma¡ 03 Juty û7 Nov l lApr04 Aug0B Dec 12

Month

Day

Year lf)

Enter att'9's for don'ú knodno responses trtrtrtrt]tr

n
tr
tr

tr
tr
tr
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,Q23. \{hat is your current employment status. I will read list. please

when I describe your status? (Read this list)
stop me

tr
1.
.)

Ð

4.
5.
6.
7.
8.
-9.

fi:ll-time (i.e. 35 hours or more a week)
part-time (i.e. less than 35 hours a week)
unemployed
laid off
reti¡ed
other (specìfi)
hOmem^Ler
student
don't knodno resporìse

I . eúúoQP3a

-J 
-coto 

epg"-l --.' e.o."e%

_J

] 'coioqPs

Q23a. Do you work more than one job to make up these hours?

0=ltlo
1=yes

Q24. What is/was your occupation?

[Enter their exact job as they describe it.
Enter their orimarv or main job if ihey had more than one.l

(hompb What i$was your usual job?)

Q25. What is your marital status? I will read a list. Are you . . . tnead listl I
Single (by that I mea¡r never married)?
Married (and not separated) or Living Co-mon Law?
Divorced or Separated?
Widowed o¡ Widower?
Don't k¡rodno response

1.
2.
.1.
,t

-9.



lenn
Q26' what is the TIIGTIEST grade or level of education you have ever ATTENDED

or completed tma¡k o¡ly onel

trtr
Ì Erementary [K-9]
)

Some ) Seconaa"v tlGf Zl
Completed l

MNER
01 No schooling

A2 Some
03 Completed

Some
Completed

Some
Completed

Some
Completed

) Community College, Technical College
) nondegree certiñcate or diploma

) University (eg. degree in artdscience)
l

) Graduaæ studies (Masters, PhD)
) hofessio''"| studies (eg, Law, MD, DMD)

M
05

6
U7

æ
æ

10
11

-99

n Other (speci-fu

Doesn't knodno response

Q27. For.statistical qqrposes only, we need to know the range of your totaì, gross
familv household income. courd_you prease indicat"r.ã- ir{u iàrio*iáãurt,
the income range for your houseËold îast year?

ReådList

1. u¡der $12,0002. $12,000 tD8Z4,æg
3. $25,0001o$49,9994. $¡O,Ooo to $74,9995. $75,000 a¡d over-_6, Respondentrefusedtoanswerquestion
-9. Don't know
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Q28. Would you like to receive a suûrmaÐ¡ of fhis study's finding? E
0=No
1 = Yes

If "yes", ask, 'What is your current add¡ess?"

Enter:
Box/St¡eet

Province

Postal Code

Thank y.ou for taking time to answer these questions. we appreciate your
cooperation.

N.B.INTER\¡IEWER

Be sure to comolete the th¡ee sections on page 1 of rnt¿rview immediatelv
following tlre intåwiew.

1 . Record Dates of Contact(s) and l¡rterview2, After Inter¡¡iew Assessment
3. Final Stah¡s of I¡rterview

City

10
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TEI..PITONE SCRIPT & INT'ORMAUON EOR PROSPESTÍVE PARTICIPANTS

May I please speaL q¡ith ?

4-9110, thisis calling f¡om the Dental
Clinic, at the toba.

Did you receive the letter of information that we sent you?

Ff no, ask them for tåeir current add¡ess so tbat anothe.r copy cal be senL Tell them tåal ¡zou
wíll call back in 1-2 weeksJ

As you know, in cooperation with the Faculty of Dentistry, Prof. Gelskey is
conducting a study of the patients who have recently received ca¡e at the
Dental College Clinic. Patients selected for the study will be i¡ten¡iewed and
! p-oyiiog of tþeir dental chart copied for the study. This study is part of Prof.
Gelskey's PhD Thesis research.

We would _appreciate if you wouJd be willing to answer some questions about your
dental and genera-l health a¡rd about yourself. This telephone interview wilt iake
about 20 minutes and all info¡mation you share with mè w l remain confidential
and anon¡rmous.

Y_ou are not likely to benefit directly from participating in this study; however, we
do hope that we ca¡ learn f¡om this study so that the Fãcu-lty ca¡ coniinue to serve
the commr:nity effectiveiy.

Would you be willing to a¡rswer a few questions for me at this time?
(If they say'YES", begin the interview with Q1).
(If they say'1{O":

I. Ask: Would you be willing to particÍpate in this survey at a more
convenienú time? When: enter ca-ll back time on their interview form.

IIA . If they say "No' as!.: May I ask why you are noú willing to participate?
Enter reason on their interview form.

IIB. WouJcl you be willing to answer just one question about your education?

IfNo, enter-88
IfYes, ask Q26 only. Enter Q26 response.

Thank them for their cooperation.


