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Table 1: Proportions (%) of the 3 most frequent causes 
of death in Sweden from 1985 to 2001 in Group A
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Periodontal disease is initiated 
by a biofilm of bacteria on the teeth 
that trigger an immune–inflamma-
tory response in the adjacent host 
tissues. It is estimated that 15% to 
35% of the adult population in in-
dustrialized countries suffers from 
this multi–factorial illness. In indi-
viduals with constitutional proin-
flammatory traits, the reaction to 
bacteria may lead to an excessive 
host response, resulting in general 
inflammatory reaction. To investi-
gate the relation between periodon-
titis and general diseases, longitudi-
nal studies spanning several years 
are recommended to ensure that the 
time period in which periodontitis 
develops is taken into account.1

In longitudinal studies, individu-
als are followed over time with 
monitoring of risk factors or health 
outcomes. Outcomes such as mor-
tality and incidence of cancer have 
been related to employment status, 
and other variables measured. Most 
longitudinal studies examine asso-
ciations between exposure to known 
or suspected causes of disease and 
subsequent morbidity or mortality. 
In the simplest design, a sample 
or cohort of subjects exposed to a 
risk factor is identified along with 
a sample of unexposed controls. 
The 2 groups are then followed up 
prospectively, and the incidence 
of disease in each is measured. By 
comparing the incidence rates, at-
tributable and relative risks can be 
estimated.

A problem with the cohort meth-
od when applied to the study of 
chronic diseases is that large num-
bers of people must be followed up 

for long periods before sufficient 
cases accrue to give statistically 
meaningful results. The difficulty is 
further increased with low grade, si-
lent and long lasting diseases, such 
as periodontal disease. There is a 
long induction period between first 
exposure to a hazard and the even-
tual manifestation of disease.

Randomized controlled trials are 
a superior methodology in the hi-
erarchy of evidence, because they 
limit the potential for bias by ran-
domly assigning patients for pro-
spective clinical trials. This mini-
mizes the chance that the incidence 
of confounding variables will differ 
between the groups.

The advantage of prospective 
cohort study data is the longitudi-
nal observation of the individual 
through time and the collection of 
data at regular intervals. However, 
cohort studies are expensive to 
conduct, are sensitive to attrition 
and take a long follow–up time to 
generate useful data. Nevertheless, 
the results that are obtained from 
long–term cohort studies are of 
substantially superior quality to ret-
rospective/cross–sectional studies, 
and cohort studies are considered 
the gold standard in observational 
epidemiology.

The baseline cohort for the pres-
ent longitudinal study was selected 



Volume 83   Issue 4   Fall 2009 The Journal of Dental Hygiene 185

in 1985 using the registry file of all 
inhabitants (n=105,798) of Stock-
holm County born on the twentieth 
of any month between 1945 and 
1954. Randomized from the file 
were 3,273 individuals aged 30 to 
40 years. In total, 1,676 individuals, 
838 women and 838 men, under-
went a detailed oral clinical exami-
nation.2 The presence of systemic 
diseases in the study group were 
2,001 compared with data in the 
following registers from the Swed-
ish National Board of Health and 
Welfare: the Cancer register, the 
Hospital register, the Heart Infarct 
register and the register for Causes 
of death.

Our hypothesis was that the pres-
ence of gingivitis and periodontitis 
in young adults increases the risk 
for future life–threatening diseases. 
Our aim was to evaluate the role of 
periodontitis in premature death in 
a prospective study.

The subjects were divided into 
clinically examined (group A) and 
dropout (group B). In addition, all 
age–matched subjects in Stockholm 
County constituted group Sc and all 
age–matched subjects in all of Swe-
den constituted group S. In January 
1985, group Sc comprised 105,798 
individuals and Group S 1,254,238 
individuals.

The present study addresses the 
issue of periodontal disease as a risk 
marker for mortality by evaluating 
the relationship between periodon-
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titis and premature death 16 years 
after the diagnosis of periodontitis. 
Our results confirm the hypothesis 
that periodontitis in young adults 
with any missing molars is a risk 
marker for premature death (Fig-
ure 1).3 The prematurely deceased 
women in the study were expected 
to live 36.1 years longer and the de-
ceased men 31.6 years longer. The 
individuals who died were probably 
infected with periodontitis many 
years before the baseline registra-
tions. However, the result in present 
study showed periodontitis as a risk 
marker for premature death.

Earlier studies have suggested 
that the reason for mortality could be 
the combined effect of periodontal 
diseases, calculus and dental plaque 
or the severity of caries, periodonti-
tis, periapical lesions and pericoro-
nitis.4 We have previously shown 
in a 17–year prospective study that 
molars were the teeth most affected 
in subjects with periodontitis.5

These results have been con-
firmed in the present investigation. 
The missing molars in these young 
individuals signal a long history of 
chronic inflammatory and microbi-
al burden of periodontitis, but may 
also reflect an underlying weakness 
of the host defense system. A very 
high bacterial load on tooth surfaces 
and in gingival pockets over a pro-
longed period may be responsible 
for the diseases, subsequently caus-
ing death. Therefore, reducing the 

bacterial burden of affected indi-
viduals and identifying the bacteria 
responsible for the diseases causing 
death in these subjects are critical.

Our findings have public health 
consequences and may create a ba-
sis for prophylactic measures that, 
in view of the prevalence and out-
come of periodontal diseases and 
the costs it incurs to society, are 
well warranted.
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Microorganisms in dental bio-
films cause periodontal disease. 
For example, the healthy, normal 
flora is comprised mainly of Gram–
positive and Gram–negative cocci, 
and it shifts to flora associated with 
gingivitis (which is mainly Gram–
positive and Gram–negative cocci), 
other Gram–negative forms and Ac-
tinomyces. In periodontitis, there is 
emergence of a more pathogenic flo-
ra which is comprised of organisms 
such as Porphyromonas gingivalis, 
Tannerella forsythenesis, Trepone-
ma denticola and also species of 
Campylobacteria, Fusobacterium, 
Prevotella and Peptostreptococci. 
These pathogens occur in a biofilm 
which begins at the gingival margin 
and extends into the gingival sul-
cus and periodontal pocket. Biofilm 
organisms have multiple virulence 
factors such as lipopolysaccharide 
(LPS), which trigger inflammation 
and factors which suppress host 
protection. This inflammation acts 
locally to induce soft tissue destruc-
tion as well as bone resorption. The 
local inflammation also leads to a 
chronic level of systemic inflam-
mation characterized by elevated 
plasma levels of inflammatory me-
diators such as TNF–alpha, IL–6 
and acute phase proteins such C–
reactive protein.

In the last 2 decades, investiga-
tors have been assessing the role 
of risk factors for chronic perio-
dontitis. The goal was to determine 
factors important in increased sus-
ceptibility or decreased resistance 
to periodontal disease to provide 
a basis for risk factor intervention 
and to better understand the patho-

genic mechanisms by which dental 
biofilms cause periodontal tissue 
destruction. In a study population 
of 1,247 individuals aged 25 to 74 
years old from Erie County, New 
York, we found that of several hun-
dred factors assessed only a few 
were important risk factors. These 
include infection with P. gingivalis 
and T. forsythensis, diabetes, smok-
ing, male gender, chronic stress 
and inadequate coping and older 
age. In a U.S. population–based 
study (NHANES III) of 12,367 
non–diabetic individuals, it was 
found that there was an association 
of periodontal disease with body 
mass index (BMI). Approximately 
a 40% to 50% increase in the risk 
for periodontal disease was found 
in those with obesity. The mecha-
nism likely to account for this as-
sociation comes from studies which 
show that adipose tissue produces 
pro–inflammatory mediators which 
lead to systemic inflammation. This 
systemic hyper–inflammatory state 
likely sets the stage for greater peri-
odontal destruction. Also, the GI 
flora changes with a high fat diet, 
leading to increased LPS–contain-
ing organisms, increased GI perme-
ability and resulting endotoxemia, 
which results in a hyper–inflamma-
tory state exaggerating the response 
to periodontal infection.

Possibilities for intervention with 
risk factors in the management of 
periodontal disease include diabe-
tes control, smoking cessation and 
weight management/calorie restric-
tion. These have or will become a 
mainstay in management of peri-
odontal disease. They are often ac-
complished by all members of the 
treatment team including an essen-
tial role for dental hygienists.

The relationship between dia-
betes and periodontal disease is a 
two–way relationship. That is, not 
only does diabetes predispose to 
greater periodontal destruction, but 
periodontal disease leads to poorer 
glycemic control over time. This 
likely results, in part, from the in-

creased level of systemic inflam-
mation evidenced by periodontitis, 
which enhances insulin resistance, 
leading to poor glycemic control. 
Periodontal therapy can stabilize or 
restore glycemic control as shown 
by several studies in which HbA1c 
levels are reduced after periodontal 
therapy. This is an important finding 
since periodontal disease is associ-
ated not only with poor glycemic 
control but with the increase in dia-
betic complications resulting from 
poor glycemic control. In a recent 
study by Saremi et al., it was shown 
that in Type 2 diabetics who suffer 
from periodontal disease, the death 
rate from cardiovascular disease 
and diabetic nephropathy increased 
markedly.1

There may also be an effect on 
periodontal and initiation of the 
diabetic state. A recent study shows 
that individuals free of diabetes mel-
litus at baseline tend to have greater 
development of Type 2 diabetes if 
they have periodontal disease. That 
is, periodontal disease may be re-
lated to the increased risk, not only 
of worsening glycemic control and 
more severe diabetic complications, 
but increased risk of development 
of Type 2 diabetes. The effect of 
periodontal disease on diabetes has 
only recently been revealed, and 
more research is needed before we 
fully understand this relationship. 
This information, in turn, will pro-
vide direction for management of 
periodontal disease in an effort not 
only to save the dentition, but also 
to reduce its systemic effects.

The dental team can act as an 
important point of contact of the 
patient for early diagnosis and man-
agement of dental–related systemic 
disease, such as screening for undi-
agnosed diabetes and possibly pre–
diabetes. In 2007, it was estimated 
that 24 million people in the U.S. 
have diabetes and 24% of those are 
undiagnosed, which means there 
were about 5.8 million undiagnosed 
diabetics in the U.S. Since approxi-
mately 70% of Americans have vis-
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ited a dentist in 2007, we propose 
that screening for diabetes mellitus 
in the dental office can be an effec-
tive initial step our profession can 
take to help mitigate the devastating 
effects of diabetes. The following 
measures are recommended:

Administration of the “Dia-• 
betes Risk Test” (American 
Diabetes Association Brochure 
H598903)
Administration of a home test • 
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kit for plasma glucose and A1c. 
If plasma glucose is over 110 
mg/dl, and/or hemoglobin A1c 
level is over 6%, refer to physi-
cian for diagnosis

You would expect that per 1,000 
adult dental patients, approximately 
120 would have diabetes and about 
40 would be undiagnosed. In addi-
tion to other good management pro-
cedures for diabetics undergoing 
dental procedures, this screening 

service may be of great value to the 
population.

http://www.ingentaconnect.com/content/external-references?article=0149-5992(2005)28L.27[aid=8330982]
http://www.ingentaconnect.com/content/external-references?article=0149-5992(2005)28L.27[aid=8330982]


188 The Journal of Dental Hygiene Volume 83   Issue 4   Fall 2009

current paradigm of dental hygiene 
care be expanded to include primary 
health assessment, intervention and 
the leadership of interprofessional 
teams in prevention and manage-
ment of multi–factorial diseases re-
lated to the oral cavity (Figure 1). 
Within this expanded scope of prac-
tice falls an exponential number of 
opportunities for dental hygienists 
to perform primordial prevention 
(interventions before risk factors 
are acquired and health promotion), 
primary prevention (screen for undi-
agnosed systemic disease in asymp-
tomatic patients and symptomatic 
patients with undiagnosed diseases) 
and integration of the “Common 
Risk Factor” approach into interpro-
fessional continuums of care.2

Given the strength of evidence to 
support the role of periodontal dis-
ease in increasing the cumulative 
inflammatory burden implicated in 
many chronic disease states (e.g., 
heart disease, diabetes), health care 
providers from all disciplines must 
have an accurate and reliable means 
by which to identify patients who 
are at risk for a number of systemic 
diseases and conditions which are 
underpinned by inflammation. De-
velopment of a risk assessment tool 
that quantifies cumulative inflam-
matory burden will provide an evi-
dence–based means by which to tri-
age care among a team of providers 
from various disciplines, allowing 
for more aggressive treatment and 
interprofessional monitoring of pa-
tient outcomes. The dental hygiene 
profession is well positioned to take 
the lead in developing and testing 
this type of novel risk assessment 
tool.

Another area of investigation that 
provides an opportunity for dental 
hygienists to demonstrate a leader-
ship role in interprofessional health 
care is to explore the social–ecolog-
ical model of sustaining change in 
health behavior.3 By piloting innova-
tive population–level interventions 
that target high risk populations, we 
may demonstrate successful models 
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For several decades there has 
been consistent pressure from vari-
ous economic and political forces 
that continue to erode the bound-
aries of the profession of dental 
hygiene. Perhaps one of the most 
important things that must now be 
addressed is the revitalization of the 
profession, and security of its future. 
In addition to these critical concerns 
lies an unprecedented opportunity to 
reposition dental hygiene as a fun-
damental component to interprofes-
sional health care teams. If the den-
tal hygiene profession is committed 
to securing its future within the heal-
ing arts at this level of significance, 
the development and execution of a 
robust and vigorous research agenda 
is no longer an option – it must be 
done. The question becomes what 
area of research provides the great-
est opportunity for advancement of 
the dental hygiene profession?

There are many areas of research 
that will allow for insightful dis-
covery within our present realm of 
traditional dental hygiene practice. 
However, there are a number of 
paradigm shifts that cannot be over-
looked in pursuit of a vibrant and se-
cured future for dental hygiene. Tak-
en in their totality, these paradigm 
shifts point out the obvious – that 
the greatest opportunity we have to 
create a compelling research agenda 
is in demonstrating improvement in 

measurable patient outcomes and 
health care cost savings by targeting 
periodontal–systemic diseases and 
conditions in underserved popula-
tions with co–morbidities associ-
ated with inflammatory driven, high 
impact diseases. The Centers for 
Medicare and Medicaid Services 
(CMS) has called for greater coor-
dination of care for “highest impact 
conditions,” many of which (e.g., 
heart disease, diabetes, rheumatoid 
arthritis, cancer, renal disease) are 
associated with systemic inflam-
mation, potentially exacerbated by 
untreated periodontal disease, in an 
underserved population.1 It is to this 
interest that we must align our re-
search agenda.

In setting up success for the de-
velopment of such a robust research 
agenda, there are several questions 
which must be addressed:

Will the provision of periodon-• 
tal treatment rendered by dental 
hygienists who are specialized 
in treating patients with multi–
factorial risk reduce co–morbid-
ities in high risk populations?

Of the high risk populations • 
with multi–factorial co–
morbidities, which popula-
tions provides the greatest 
opportunity to demonstrate 
a treatment effect of special-
ized dental hygiene care?
What outcomes of interest, • 
both intermediate outcomes 
and long–term outcomes, as 
defined by CMS,1 of peri-
odontal intervention should 
be studied?

What other disciplines should • 
dental hygienists include in in-
terprofessional collaboration 
to both cross screen and refer 
patients at risk for co–morbid 
conditions associated with peri-
odontal disease and engage 
in collaborative case manage-
ment?

In order to ready the profession of 
dental hygiene to participate in this 
level of coordinated, interprofes-
sional care, it is critical that the 
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Figure 1

of change or prevention of health 
damaging behaviors that influence 
the integrity of the oral cavity and 
impact overall health.

For the dental hygiene profession 
to distinguish its role on an interpro-
fessional health care team within a 
continuum of care for high risk pop-
ulations, we must provide evidence 
(applicable to both federal funding 
and private insurers) of the econom-
ic benefits that accrue as the result 
of the provision of periodontal treat-
ment rendered by dental hygienists 
in high risk populations, including 
the following:

Demonstrate that expenditures • 
made for prevention and well-
ness promotion (related to modi-
fiable risk factors for periodontal 
disease) will translate into cost 
savings in the not–so–distant 
future. The dream case for dem-
onstrating return on investment 
for prevention and wellness is 
tobacco–cessation services4

Provide evidence that periodon-• 
tal disease might increase the 
medical care costs for a number 
of high impact diseases and con-
ditions5

Provide evidence that interven-• 
tion of periodontal disease will 
translate into cost savings on 
medical coverage of patients at 
high risk5

Intervention trials which have in-
vestigated the effects of periodontal 
treatment on diabetes, cardiovascular 
disease and pre–term birth (among 
other inflammatory driven disease 
states) have yielded inconclusive 
results. However, it is important to 
point out that the particular interven-
tions prescribed in these studies may 
not be the specific therapies neces-
sary to produce a treatment effect.

There are a number of ideas for 
strategic positioning that support 
this vision for a robust and rigorous 
research agenda for dental hygiene. 
It is important to acknowledge that, 
although the heuristic proposed in 
this presentation represents an ex-

tremely aggressive research agenda, 
it does offer the most promising fu-
ture for the profession of dental hy-
giene. Finally, if the profession does 
not decisively move beyond its sole 
focus on the oral cavity to extend its 
scope into the provision of primary 
health practices, other disciplines 
are well positioned to assume this 
important role. Is a specialized track 
of training necessary to prepare 
dental hygienists to treat patients 
with multi–factorial co–morbidities 
within high risk populations? This is 
an issue which must be addressed. 
Nonetheless, primary health care as-
sessment fits squarely within dental 
hygienists’ contemporary scope of 
practice, and an essential component 
of interprofessional collaboration.

Core of Traditional
Dental Hygiene Practice

•	 Patient	Intake
•	 Evaluation/Reevaluation
•	 Dx	and	Tx	Planning
•	 Tx
•	 Patient	Education
•	 Collaboration	and	
				Referral

Patient Education
•	 	Inflammatory	drive	n	

disease	states	and	their	
interrelationship

•	 	Reinforcing	physician	
instructions	re:	medications

•	 	Reinforcing	prenatal	care	
instructions

Providing Services On–site
•	 Smoking	cessation
•	 Nutritional	counseling
•	 Weight	management
•	 Prenatal	care
•	 Diabetes	management

Collaboration
•	 Physicians
•	 Nurses
•	 Pharmacists
•	 Dieticians
•	 Physician’s	Assistants
•	 	Speech	and	Language	

Pathologists
•	 Social	Workers
•	 	Occupational	Therapists
•	 Physical	Trainers	

Expansion of Practice
Primary Health Assessment,

Intervention, and
Interprofessional Collaboration 

Assessing Patients’....
•	 General	physical	
appearance
	 •	 Obesity
	 •	 Dermatologic	
presentation
	 •	 Gait	and	posture
•	 Eliminating	high–risk	
behaviors
•	 Monitoring	markers
	 •	 BP
	 •	 Cholesterol
	 •	 hsCRP
	 •	 HbA1c
•	 	Monitoring	success	

of	interventions	of	
modifiable	risk	factors

	 •	 Weight	
management
	 •	 Smoking	cessation
	 •	 Physical	inactivity
	 •	 	Psychological	

counseling	(stress)
	 •	 Diet/Nutrition

Prescribe or Refer 
Intervention
•	 Smoking	cessation
•	 Diet/Nutritional	
modification
•	 Exercise	physiology
•	 Psychological	
counseling
•	 Addictions	
counseling
•	 Prenatal	care
•	 Diabetes	education
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Several designs have utility for 
research aimed at assessing oral–
systemic relationships. While ex-
perimental designs are the accepted 
standard for assessing effectiveness 
of interventions, many research 
questions on the oral–systemic link 
are not amenable to experimen-
tal designs. Observational designs 
are necessary for evaluating rela-
tionships between oral risk factors 
and serious systemic diseases such 
as cardiovascular disease, cancer, 
stroke and diabetes in a human pop-
ulation. Experimental studies on 
systemic diseases can be achieved 
using animal models, but results 
from these models may not general-
ize to human outcomes.

Observational designs are in-
creasingly used to explore the natu-
ral history of dental/oral diseases, 
and evaluate risk factors that im-
pact systemic disease patterns and 
oral health outcomes. The concept 
of group comparison between natu-
rally occurring groups (in contrast 
to manipulated/created groups as is 
typical in experimental studies) is at 
the heart of planning observational 
studies. Observational research em-
ploys 3 general designs: prospec-
tive follow–up, retrospective case–
control and cross–sectional designs. 
Each method has advantages and 
disadvantages but all have weak-
nesses with respect to demonstrat-
ing causality. In order for causality 
to be established between a risk fac-
tor (e.g., periodontal disease) and a 
systemic outcome, 5 tenets must be 
satisfied:

Relationship must be biologi-•	
cally plausible
Exposure to the suspected •	
cause/risk factor must precede 
development of the outcome. 
Moreover, the period of expo-
sure	must	sufficient	to	logically	
affect in the outcome
Concomitant variation between •	
causal/risk factor and outcome  
must be demonstrated (e.g., 
more or less exposure, higher 
or lower risk of outcome)
Other possible explanations for •	
the outcome must to be ruled 
out
Findings must be replicated in •	
multiple samples and multiple 
studies

While observational studies gen-
erally have 1 or more of these tenets 
unsatisfied,	 they	are	still	 important	
in	 establishing	 scientific	 evidence	
for or against possible relation-
ships.

Designs
Cross–sectional studies are com-

monly used to describe health out-
comes using a descriptive approach. 
A cross–sectional study typically 
compares the frequency and dis-
tribution of the target disease or 
health outcome across subgroups of 
the population. For example, a den-
tal hygiene researcher is interested 
in examining the problem of early 
childhood caries (ECC) in children 
under the age of 5 years. Believing 
that ECC may be related to chil-
dren’s history of asthma as well as 
mother’s educational background, 
the researcher collects information 
from mothers and children attend-
ing a pediatric clinic on the moth-
ers’ highest level of education, the 
children’s history of having or not 
having asthma and examines each 
child for presence or absence of 
ECC. Comparisons are then made 
between children with and with-
out asthma and across educational 
strata. Cross–sectional data on fre-
quency of children falling in each 
strata are shown in Table 1.

An empirical view of the data 
suggests there may be relationships 
of interest to examine further. The 
data suggest that the child’s asthma 
history and mother’s education may 
be related to having ECC. However, 
without considering other potential 
confounders (dietary habits, oral 
hygiene	 behaviors,	 access	 to	 fluo-
ride, parent knowledge/ attitudes 
and socioeconomic factors) the re-
searcher may fail to fully explore 
the multi–factorial nature of ECC 
and make invalid conclusions about 
relationships.

Cross–sectional studies are ad-
vantageous as they are often cost 
effective, easy to accomplish in a 
defined	period	of	time	and	have	no	
problem with subjects dropping out. 
Disadvantages include response 
and/or participation bias and self–
report bias. However, the greatest 
disadvantage is that, because data 
is collected at a single point in time 
(prevalence), it is not possible to 
determine whether exposure to the 
suspected risk precedes develop-
ment of the outcome.

Two additional designs that pro-
duce results with higher levels of 
evidence are useful to consider 
when planning oral–systemic re-
search. The prospective follow–up 
design begins with the selection of 
a cohort of individuals free of dis-
ease (the outcome) who are then 
followed over time. During that 
time they are observed on potential 
risk factors and followed until they 
develop or fail to develop the out-
come of interest. At completion of 
the study, those who do and do not 
develop the disease are compared 
with respect to their exposure to 
specific	 risk	 factors.	 This	 strategy	
compared naturally formed groups 
(those with disease and without dis-
ease) to determine if they were dif-
ferentially exposed to levels of risk 
for the outcome. While this strategy 
offers real advantages to examining 
potential cause and effect linkages, 
it can be costly, time consuming and 
often impractical since cohorts may 
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Mothers Education No Asthma Asthma Total 
Kids

No ECC ECC No ECC ECC
Less than 8th grade 236 84 156 62 462
9th through 12 grade 357 54 388 94 893
High school diploma only, 191 15 202 17 425
High school diploma plus 
some college.

83 2 74 6 165

Table 1need to be followed longitudinally 
(sometimes for decades) to get a 
true picture of cause–effect associa-
tions. The second and more com-
monly used retrospective case–con-
trol strategy starts with the outcome 
of interest (comparable groups, one 
of which has the disease and one of 
which does not have the outcome) 
and examines the degree to which 
the groups differ with respect to 
previous exposure to factors which 
might be related to the disease.

Application of Designs
To illustrate these different de-

signs, a prospective study would 
take a cohort of adults who are free 
of lung disease and who are similar 
with respect to age, environmental 
location and socioeconomic status, 
and follow them over a course of 
20 years to examine which develop 
lung cancer. During the 20 years 
they are examined periodically to 
determine their exposure to poten-
tial risk factors such as smoking 
status and exposure to asbestos or 
other carcinogens. The prospec-
tive design is considered the gold 
standard for observational studies 
because they can demonstrate that 
exposure to the risk factor precedes 
development of disease outcome.

In contrast, a retrospective case–
control study would compare a 
group of individuals with lung can-
cer to a group without lung cancer 
to determine if the groups differ 
with respect to exposure to a spe-
cific	factor,	such	as	smoking	or	as-
bestos retrospectively. An inherent 
problem with the case–control ret-
rospective	 design	 is	 the	 difficulty	
in accounting for all possible con-
founding variables. In spite of nu-
merous case–control studies show-
ing a strong association between 
tobacco use and lung cancer, the 
retrospective nature of the evidence 
prevents	 legal	 experts	 from	defini-
tively stating “smoking causes lung 
cancer.” In essence, the argument is 
“What other factors (variables) not 
accounted for in the design of the 

study may have an association with 
the development of lung cancer?” 
Retrospective studies have the dis-
tinct advantage of being relatively 
inexpensive	and	time	efficient	com-
pared to prospective studies. In ad-
dition,	 they	 are	 efficient	 when	 the	
outcome of interest is relatively un-
common in the population.

Project Development and Out-
come Measures

Conceptualizing a research ques-
tion related to oral–systemic rela-
tionships	is	a	necessary	first	step	in	
the research planning process. The 
hygienist	must	 clearly	 define	what	
variables and nature of relation-
ships will comprise the focus of 
the investigation. For instance, if 
the research question is to describe 
the relative frequency of particular 
health	outcomes	in	a	specific	group	
or subgroups in a population, then 
the research design will be quite 
different than if the researcher 
wishes to explore what intrinsic or 
extrinsic factors (or combination 
thereof)	influence	severity	or	likely	
outcomes of disease in a target pop-
ulation. Irrespective of the observa-
tional design selected, the research-
er must take into account that there 
are potentially several confounding 
variables that will need to be ad-
dressed. Thus, one must consider 
methodologically how best to either 
exclude these or plan for statistical 
control when necessary.

A central tenet in the oral–sys-
temic link is the multi–factorial 
nature of disease. As a result, re-
searchers need to consider the po-

tential multi–factorial nature of 
their	specific	question	prior	to	iden-
tifying outcome measures and im-
portant covariates. Covariates are 
those factors that may be related to 
the outcome measure of interest but 
may not be the primary predictor 
variables of interest.

An example may provide clarity. 
Let’s assume a researcher is inter-
ested	in	determining	if	inflammato-
ry burden from periodontal disease 
is related to Alzheimer’s disease. 
One	 would	 first	 need	 to	 identify	
other	sources	of	inflammatory	bur-
den that might also be common in 
the target population (rheumatoid 
arthritis,	 inflammatory	 bowel	 dis-
ease, genetic conditions, etc) and 
either rule out research subjects 
with those potential confounders 
or include these subjects, but ob-
tain measures for statistical control 
in the analysis. Adequate planning 
in advance and fully understanding 
the multi–factorial nature of any 
given outcome is crucial to obtain 
meaningful results.

Lastly, selecting and operational-
izing the appropriate predictor and 
outcome variables must be well 
thought out if the researcher desires 
meaningful results. The outcome 
variable is that variable thought to 
change	 as	 a	 result	 of	 influence	 of	
a potential risk factor or exposure. 
Using the previous example (peri-
odontal disease as a risk factor for 
Alzheimer’s), one would have to 
seriously consider how best to oper-
ationalize periodontal disease. The 
researcher could simply dichoto-
mize periodontal disease (Case 
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Type II or less versus Case Type III 
or greater) or operationalize it using 
a severity rating based on number of 
periodontal probing depths >5 mm. 
Either would be valid, but results 
obtained might differ considerably. 
Similarly, with operationalizing Al-
zheimer’s disease, one might opt to 
use the Diagnostic and Statistical 
Manual of Mental Disorders (DSM) 
criteria, a self–report of dementia, a 

previous diagnosis of Alzheimer’s 
or results from the Mini Mental 
State Exam (MMSE). Selection and 
operationalizing the outcome has 
implications for the “do–ability” of 
the project with respect to obtaining 
a	sample	and	validity	of	findings.

Surrogate outcomes are frequent-
ly used as well. For instance, while 
the most valid measure of periodon-
tal disease progression is tooth loss, 

researchers often use change in at-
tachment level as a surrogate mea-
sure because it is more proximally 
available as a measure. Irrespective, 
selection of predictor and outcome 
variables with a view towards clear 
operational	 definitions	 should	be	 a	
primary consideration in the plan-
ning process.
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