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OBESITY AND CUMULATIVE
INFLAMMATORY BURDEN: A VALUABLE
RISK ASSESSMENT PARAMETER IN
CARING FOR DENTAL PATIENTS
Casey Hein, BSDH, MBA,a,b,c and Eraldo L. Batista Jr, DDS, MSc, DScd
ABSTRACT
A new model of risk assessment that recognizes the importance of reducing
patients’ cumulative inflammatory burden by targeting overweight and obesity, in
individuals with periodontal disease, may be a valuable risk assessment parameter in
caring for dental patients.

Background
The growing body of evidence that suggests obesity, Metabolic Syndrome and
periodontal disease are interrelated offers an unprecedented opportunity to adopt
a new model of risk assessment that has the potential to beneficially influence not
only the periodontal health of obese and overweight patients, but simultaneously
may also reduce a person’s overall risk for developing heart disease and type 2
diabetes, and perhaps other inflammatory driven disease states.

Methods
This paper presents an overview of research that builds the case for a new model of
risk assessment that focuses on the cumulative inflammatory burden that may be
elevated by the presence of periodontal disease in obese patients. In addition, the
biological plausibility of the concepts of inflammatory priming and inflammatory
loading is discussed, and several simple ideas are suggested for identifying at-risk
patients.

Conclusions
Given the significant rise in obesity and the impact that obesity has on periodontal
health and other inflammatory driven, systemic disease states, adoption of a new
model of risk assessment is suggested–one that considers an individual’s cumulative
inflammatory burden which may be amplified as a result of coexisting obesity and
other components of Metabolic Syndrome and periodontal disease. Knowledge
gathered thus far combined with further clinical research must be translated into
better ways to treat and maintain obese periodontal patients. These measures may
pave the way for prevention of metabolic diseases and obesity with a relevant
impact on patients’ periodontal status.

Key words: Obesity related periodontal disease, cumulative inflammation, proinflammatory hyper-response,
cardiometabolic risk

INTRODUCTION

Asizable percentage of healthcare costs are associated with missed opportunities
to prevent many serious chronic diseases caused by systemic inflammation.1,2

This is not a new revelation. However, what is new is a model of risk assessment
that proposes that oral healthcare providers (OHCPs) consider how the cumulative
inflammatory burden associated with periodontal disease in an obese person may
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predict the onset or presence of metabolic disorders, thereby
paving the way to incident diabetes, cardiovascular disease
and other inflammatory driven disease states. Implementation
of this type of risk assessment for dental patients may achieve
better patient outcomes, both in terms of oral health and
metabolic control, and yield better use of healthcare
resources.

Over the last two decades, much has been written about the
significance of systemic inflammation that is directly implicated
in the development and exacerbation of many serious
co-morbid diseases such as diabetes and cardiovascular dis-
ease.3,4 One of the greatest impacts on our understanding of
inflammation has emerged from research on the genetic
determinants of inflammation. For instance, evidence suggests
that specific gene variants (IL-1) can impact both inflamma-
tory response and the clinical manifestation of a number of
diseases which include coronary artery disease, Alzheimer
disease, gastric cancer, and periodontitis.5

Multiple sources of chronic inflammation, including an
imbalance in the intake of omega-6 and omega-3 fats,6 a
diet high in red and processed meats, refined
carbohydrate and other processed foods and diets high in
saturated fatty acids,7 psychosocial stressors,8 cigarette
smoking,8 lack of quality sleep,9 environmental toxins,10

food sensitivities,7 and finally, infection and obesity,11 all
have the capacity to contribute to the cumulative
inflammatory burden of an individual. Consequently, this
elevates the cardiometabolic risk.e This article presents
the rationale for a new model of risk assessment that
considers dental patients’ overall or cumulative
inflammatory burden which may be amplified by obesity
and chronic infection from periodontal disease.
BUILDING THE CASE FOR A NEW MODEL FOR
RISK ASSESSMENT
Obesityf is widely recognized as a state of low grade
inflammation.11 White adipose tissue is associated with
a moderate, but chronic increase in a ‘cocktail’ of
inflammatory factors,12 including a two-threefold increase in
systemic concentrations of the cytokines TNF-a, and IL-6
which are two potent inducers of inflammation.12 As such,
eThe term ‘cardiometabolic risk’ (CMR) describes a set of risk
factors that, when viewed together, are good indicators of a person’s
overall risk of developing heart disease and type 2 diabetes. These risk
factors include obesity, high LDL (‘bad’) cholesterol, high blood fat
(triglycerides), low HDL (‘good’) cholesterol, high blood pressure,
smoking, and physical inactivity. Each of these risk factors poses a
danger to good health, and the more someone has, the greater the risk
of heart disease and type 2 diabetes.

fObesity is defined as the condition of having abnormally high
proportion of body fat; BMI $30 kg/m2; .30% body fat content in
women and .25% body fat content and men.
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obesity fuels the risk for many diseases including type 2
diabetes,13 hypertension,14 dyslipidemia,15 coronary heart
disease,16 stroke,17 gall bladder disease,18 osteoarthritis,19

sleep apnea and pulmonary dysfunction,20 certain types of
cancer21–23 and reproductive abnormalities.24 It is also
recognized that these cytokines are powerful inflammatory
mediators that contribute to destructive periodontal disease.12

Another source of low grade inflammation, which is often
unrecognized, is ongoing periodontal infection. If left un-
treated, periodontitis produces low grade bacteremia and, like
obesity, contributes to the cumulative inflammatory burden of
individuals.25–27 A growing body of evidence indicates that
obesity is also a risk factor for periodontal disease28–37 inde-
pendent of other factors such as age, gender, race, ethnicity,
and smoking and that insulin resistance may regulate this
relationship.38 It is generally accepted that the greater the
cumulative inflammatory burden, the greater the risk and
incidence of atheroma formation, and cardiovascular
diseases. Therefore, preventing or eliminating periodontal
disease, as a modifiable risk factor, decreases, albeit to an
unknown extent, the inflammatory burden. Of note, there
is also evidence to suggest that obesity is such a dominant
factor, that its presence may nullify the effects that
periodontal treatment has on high sensitivity (hs-CRP), a
marker of systemic inflammation.39

Interestingly, recently published evidence suggests there is a
correlation between the severity of obesity and the progression
of periodontal disease.40,41 In a study of 1038medically healthy,
non-Hispanic, white males who were monitored for over 25
years, Gorman and colleagues40 reported that for each unit
increase in body mass index (BMI) there was a corresponding
increase of 5% in the hazard of experiencing progression of
alveolar bone loss. They also found that one-centimeter in-
crease in waist circumference (WC) was associated with a 1–
2% increase in the hazard of experiencing progression of
probing pocket depth and clinical attachment loss; and with
each 1% increment in baseline waist-height ratio (WHtR)g

there was a 3% increase in the hazard of experiencing
periodontal disease progression events as defined by all three
periodontal disease indicators (alveolar bone loss, probing
pocket depth, clinical attachment loss). Although there have
been no studies to confirm this, it could be hypothesized that
the presence of obesity and periodontal disease in an
individual may be additive and therefore, in combination,
confers a greater cumulative burden of inflammation. In a
representative sample of 2452 US adolescent nonsmokers,
Reeves and colleagues41 found that among subjects aged 17–
21 years, each 1-kg increase in weight was associated with a
gWaist-height ratio (WHtR) percentage is calculated by dividing
waist circumference (WC) in cm, by height in cm, and categorized as
desirable (#50%) or high ($50%).
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Table 1. Metabolic Syndrome Criteria as defined by the ATPIII

Criteria Condition

Elevated central
obesity

Men: waist circumference .40 in (102 cm)

Women: waist circumference .35 in
(88 cm)

Low HDL
cholesterol

Men: ,40 mg/dL (1.0 mmol/L)

Women: ,50 mg/dL (1.3 mmol/L) or
being on medication to treat low HDL

cholesterol

Elevated blood
pressure

Systolic BP. 130 or diastolic BP. 85 mm
Hg; or treatment of previously diagnosed

hypertension

Elevated
triglycerides

$150 mg/dL (1.7 mmol/L); or being on
medication to treat hypertriglyceridemia

Elevated fasting
plasma glucose

$100 mg/dL (5.6 mmol/L); or use of
medication for hyperglycemia
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6% increase in risk of periodontal disease. Similarly, each 1-cm
increase in waist circumference was associated with a 5% in-
crease in risk of periodontitis. The risk of disease varied with age.

Of note, evidence emerging over the last decade suggests
Metabolic Syndrome (MetS), also referred to as the insulin
resistance syndrome, is positively associated with periodontal
disease.25,34,42–53 Some of these findings are:

� Periodontal disease is associated with MetS independent
of other risk factors.31

� The severity and extent of periodontal disease is signifi-
cantly higher among patients with MetS compared to
those without.35

� Periodontal therapy may produce significant modulation
of hs-CRP, total leukocytes, serum triglycerides, and HDL
cholesterol, which may benefit individuals affected with
both MetS and advanced periodontal disease.54

MetS is a cluster of metabolic abnormalities that conveys
greater risk for coronary heart disease, stroke, and cardio-
vascular mortality than that of the individual components of
the cluster, i.e., hypertension or abdominal obesity (alone).55 It
is generally recognized as one of the leading causes of death
for people who are obese. There are a number of definitions
for MetS.h For purposes of this paper, MetS is defined by the
National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults, the Adult Treatment Panel III (ATPIII).
Accordingly, three or more of the five criteria listed in
Table 1 identify a person with MetS:

Emerging evidence of the relationship between MetS and
periodontal disease has been consistent enough that some
researchers have suggested that periodontal disease should be
considered a component of the MetS56 (Figure 1). We
suggest that OHCPs should be vigilant in identifying patients
who present with the appearance of central adiposity, as
many of these individuals may have MetS which has not
been diagnosed. A sign of MetS is often the appearance of
an apple-shaped physique (Figure 2) that denotes visceral
fat distribution.57 This figure type, also known as android, is
linked to hypertension, hypertriglyceridemia, low HDL
cholesterol, and insulin resistance, the sum of which
encompasses MetS. This puts patients at greater risk for
hThere are 5 definitions of MetS which include different criteria
from the WHO report, the European Group for the Study of Insulin
Resistance (EGIR), the National Cholesterol Education Program
Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults, the Adult Treatment Panel III (ATPIII), the
Heart Association/National Heart, Lung, and Blood Institute Scientific
Statement (AHA/NHLBI), and the International Diabetes Federation
(IDF).
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periodontal disease and as such periodontal disease should
be considered part of this syndrome.

Patients with peripheral (pear-shaped) obesity (Figure 2) tend
not to have metabolic abnormalities and subsequently they
are at less risk. MetS is familial, along with the propensity for
type 2 diabetes. MetS (like type 2 diabetes) can most often
be prevented by exercise and maintaining a healthy body
weight. In terms of treatment, weight reduction is the
mainstay. The possibility that the combination of obesity
and/or MetS and periodontal disease may amplify a patient’s
cumulative burden of inflammation provides a compelling
rationale for considering inflammatory priming and loading
in dental patients.
ADOPTION OF A NEW MODEL FOR RISK
ASSESSMENT IS CRITICAL
Overweight and obesity have become one of the most sig-
nificant health threats of the 21st century. The worldwide
prevalence of obesity (BMI $ 30 kg/m2) nearly doubled be-
tween 1980 and 2008. In 1980, 5% of men and 8% of women
were obese. In 2008, 10% of men and 14% of women in the
world were obese.58 A recent study projected a 33% increase
in obesity prevalence and a 130% increase in severe obesity
prevalence in the United States over the next 2 decades.
As cited by the authors: “if the forecasts prove accurate,
this will further hinder efforts for healthcare cost
containment.”59

Between the periods of 1988–1994, and 1999–2000 there
was a significant increase in the prevalence of MetS among
United States adults older than 20 years of age, particularly in
women between the ages of 20–39 (unadjusted prevalence
(27.9 6 1.1% to 34.1 6 0.8%), P , 0.001) and age-adjusted
June 2014
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Figure 1. According to the ATPIII criteria, 3 out of 5 components define MetS, including measures of central obesity (abdominal
obesity), hypertriglyceridemia, low HDL cholesterol, hypertension, and fasting plasma glucose. Emerging evidence of the relationship
between MetS and periodontal disease has been consistent enough that some researchers have suggested that periodontal disease should
be considered a component of MetS.
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prevalence (29.2 6 1.0% to 34.2 6 0.7%, P , 0.001). Also
noted was that this increase was likely a function of the
prevalence of abdominal obesity and high blood pressure.60

In view of the magnitude of this worldwide epidemic, obesity
is perhaps the single most threatening factor contributing to
cumulative inflammatory burden, placing untold millions at
greater risk for a myriad of chronic diseases and conditions.i

This also includes periodontal disease.

Accordingly, based on mounting evidence, it is imperative that
a model of risk assessment that recognizes the importance of
reducing patients’ cumulative inflammatory burden by target-
ing overweightj and obesity in individuals with periodontal
disease is developed. If implemented effectively, this model
of risk assessment could beneficially impact not only the
periodontal health of obese and overweight patients, but
could simultaneously also reduce cardiometabolic risk. In
other words, a person’s overall risk of developing heart
iHigh blood pressure; dyslipidemia; type 2 diabetes; coronary heart
disease; stroke; gall bladder disease; osteoarthritis; sleep apnea and
respiratory problems; and endometrial, breast, prostate, colon can-
cers, and oral health problems.

jOverweight is defined as an excess of body weight but not
necessarily body fat; BMI 25–29.9 kg/m2.
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disease and type 2 diabetes, and perhaps other inflammatory
driven disease states could be reduced. Although screening
and referring patients at risk for overweight and obesity has
not been part of traditional scopes of practice of dentists
and dental hygienists, the identification of individuals at risk
for overweight, obesity, or MetS is no longer optional, nor
can it be considered the sole responsibility of our colleagues
in medicine, nursing and other non-dental healthcare
professions.

During the period of 2009–2010, more than 33% of adults
and almost 17% of youth in the United States were obese.61

These percentages have likely increased; however, if these
statistics are superimposed onto the patient base of the
average dental practice (general dentistry),k this equates to
over 330 adult patients and 85 children or adolescents in a
single practice, who are obese. In 2008, at least 70% of
Americans age 18 and older visited a dentist.62 Obviously,
OHCPs are in a unique position to target obesity in their
patients, especially in children, adolescents and teenagers.
kAssumes the typical general dental office with 1 dentist has an
average of 1500 active patients, one-third of who are children or
adolescents.
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Figure 2. Differentiating dental patients with central adiposity (apple-shaped physique) from those with peripheral adiposity (pear-
shaped physique) will assist oral healthcare providers in identifying patients who may have MetS which has not been diagnosed. The
appearance of an apple-shaped physique denotes visceral fat distribution and risk for MetS. Patients with peripheral (pear-shaped) obesity
are at less risk for MetS.
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We also propose that it is vitally important for HCPs from all
disciplines to work together to evaluate patients for the
presence of chronic, low grade inflammation, at the point of
care. This should be a bi-directional approach. OHCPs must
move beyond assessing a patient’s risk for periodontal disease
(or other oral health problems) in isolation of assessing risk for
inflammatory driven comorbid diseases; and non-dental HCPs
(e.g., physicians and nurses) must consider that the presence
of periodontal disease may amplify the cumulative inflam-
matory burden in a patient who is obese or suffering from
another inflammatory driven disease state.
PRECEPTS UNDERPINNING THE NEW MODEL
FOR RISK ASSESSMENT
This new model of risk assessment recognizes the following:

1) Inflammatory Priming: Compared to normal weight
individuals, people who are overweight or obese are
‘inflammatory primed.’ This creates greater risk for
periodontal disease and systemic sequelae (i.e., other
inflammatory driven disease states) known to be linked to
obesity. By virtue of their overweight or obese status, there
are many individuals who present for dental care who are
‘inflammatory primed’; these are people who are already in
an inflammatory driven state. The question becomes, how
21
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much will the additional systemic inflammation from
periodontal infection contribute to the obese patient’s
cumulative inflammatory burden? These people may be
more susceptible to other inflammatory driven diseases.

2) Inflammatory Loading: Once established in patients who
are overweight or obese, periodontal infection produces
proinflammatory cytokines that could also contribute to or
promote systemic inflammation,63,64 and subsequently
increase the risk of cardiometabolic diseases (i.e., type 2
diabetes, coronary heart disease and other conditions).
Periodontal infection may also exacerbate already existing
inflammatory driven disease states. Over time, this results
in ‘inflammatory loading.’ For example, periodontal disease
in an obese person may trigger complications in type 2
diabetes65 or negatively impact the clinical outcome in
cases of coronary heart disease in people who do not
have diabetes.

An explanation of the biological plausibility of inflammatory
priming follows below and is diagrammed in Figure 3.

Changes that occur within white adipose tissue in response to
nutrient excess intake are related to (1) the number of resi-
dent cells, (2) resident cells’ phenotype and (3) resident cells’
cytokine expression profile. Excess nutrient intake accumu-
lates within white adipose tissue causing hypertrophy66 which
June 2014

ba from ClinicalKey.com by Elsevier on August 26, 2020.
 Copyright ©2020. Elsevier Inc. All rights reserved.



Figure 3. Diagram of the cascade of events that describe the biological plausibility of inflammation priming.
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increases the demand for more adipose tissue cells in order to
store nutrients. Consequently, adipogenesis is triggered, which
leads to hyperplasia,67 i.e., excess adipose tissue. Pre-
adipocytes along with adipocytes and local macrophages
secrete several pro-inflammatory cytokines and chemo-
kines68–73 (IL-6, TNF-a, IL-1b, HMGB-1 and other adipokines,
MCP-1 among others) that act locally and systemically by
recruiting more macrophages.70 Adipose tissue resident
immune cells also change their behavior in the presence of
these cytokines, with an increase of T-CD41 and T-CD81
cells and decrease in the number of Regulatory T cells
(TREG), which are associated with control of immune
response.74 White adipose tissue then becomes a source of
pro-inflammatory mediators that will act systemically, meta-
statically impacting cell response. This increase of inflamma-
tory molecules affects insulin resistance71 and causes
activation of endothelial cells that are involved in
atherogenesis.75 A biological explanation for the modulatory
effect of obesity on periodontal disease is still unclear.
Volume 14, Supplement 1 22
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However, priming or pre-activation of monocytes/macro-
phages elicited within the adipose tissue and/or increased
levels of circulating pro-inflammatory modulatory molecules
could be causative. It can be described as a hyper-responsive,
pro-inflammatory phenotype where the presence of biofilm
could lead to a more intense response by cells, thus causing
more periodontal destruction. This hyper-responsive trait has
been demonstrated in conditions of metabolic imbalances in
neutrophils isolated from diabetic patients and in neutrophil-
like cell cultures under hyperglycemic conditions.76
PERIODONTAL CLINICAL MANAGEMENT:
PERSPECTIVES AND FUTURE DIRECTIONS
Clinicians and public health agencies should be alerted to the
potential surge in oral health problems that will accompany
the growth in the number of obese people coupled with the
risks associated with the pro-inflammatory trait. Likewise,
protocols that aid in the individualized management and
ba from ClinicalKey.com by Elsevier on August 26, 2020.
 Copyright ©2020. Elsevier Inc. All rights reserved.



Table 2. Further clinical research warranted in the management of obese individuals with periodontal disease

Further questions Present status Future studies to be done

Treatment approach
(surgical/non-surgical;
systemic/local antimicrobials
etc.)

Unknown. Obese and non-obese patients are
treated in the same way

(1) Observational. Case control studies to
determine response to treatment in obese and non-

obese individuals

(2) Interventional. Randomized controlled trials to
assess outcome and tooth prognosis in response to

different treatment protocols among obese
individuals

Maintenance protocol Unknown. Response to different maintenance
protocols has not been explored. Obese and non-
obese patients are maintained in the same way

(1) Interventional. Randomized controlled trials to
assess response and tooth survival to different

maintenance protocols

Periodontal treatment
prognosis

Unknown (1) Observational. Cohort studies for the long term
assessment of response to different treatment
modalities in obese and non-obese individuals

Implant survival Unknown. Impact of obesity in implant survival has
not been explored

(1) Observational. Case control studies to
determine if obesity impacts implant prognosis

(2) Observational. Cohort studies for long term
assessment of implant prognosis in obese and non-

obese individuals

Impact of weight loss on
periodontal treatment
outcome

Unknown (1) Observational. Case control studies to
determine response to treatment in obese

individuals that lost weight compared to others who
did not

(2) Observational studies to assess response after
different strategies to lose weight (bariatric surgery,

diet programs etc.)
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prevention of oral diseases in patients suffering from meta-
bolic diseases are warranted. These must include more than
just closely monitoring obese patients for periodontal disease
burst. Protocols should also consider changes in lifestyle
including but not restricted to weight loss and intake of food
and dietary supplements that can help reduce a hyper-
responsive inflammatory trait.
Overall epidemiological and biological evidences seem to
support a role for obesity as a risk factor for periodontal
disease and as a link to other alterations, perhaps even
reducing the impact of periodontal disease as a risk factor for
some systemic diseases within certain thresholds. From a
periodontal patient management standpoint, the state of sci-
ence in this subject inclines us to suggest that patient weight
loss is as important as smoking cessation or glycemic control
in routine approaches to periodontal treatment. Furthermore,
the development of appropriate clinical protocols based on
obesity indicators where precise threshold values are deter-
mined is imperative. Notwithstanding all the evidence pre-
sented above, the design and implementation of research
aiming at unveiling these biological connections are highly
warranted.

From a biological standpoint it seems indisputable that obesity
impacts processes that involve inflammation, including but not
23
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being restricted to, periodontitis. Should the findings of future
studies replicate the knowledge gathered thus far, these evi-
dences must be translated into better ways to treat and
maintain obese periodontal patients. A recent publication77

suggests that response to non-surgical periodontal treatment
is poorer in patients with higher body mass index after 2
months of treatment. Nevertheless, in this case, only probing
pocket depth was associated with obesity and body mass in-
dex. Also, evaluation of patients subjected to bariatric surgery
has offered some insights into this subject, although the num-
ber of controlled reports is still substantially limited. Results of a
pilot study by Lakkis and colleagues78 showed that individuals
who underwent bariatric surgery and experienced weight
loss, presented improved periodontal response to treatment
compared to obese non-bariatrically treated individuals.
Additional clinical studies are warranted in order to stringently
guide clinicians and define parameters of care for this popu-
lation (Table 2). Likewise, the weight and impact of cumulative
risk factors in obese individuals, like tobacco use and diabetes,
have yet to be determined for periodontal diseases. These
measures may pave the way for prevention of metabolic
diseases and obesity with a relevant impact on patients’
periodontal status. Implementation of this new model of risk
assessment has the potential to modify the trajectory of
disease and subsequently prolong healthy life.
June 2014
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