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SUMMARY

The vast majority of the U.S. adult population suffers from periodontal diseases, as about 90% suffer from the reversible form, gingivitis,
whereas almost 50% of adults age =30 years are affected by periodontitis, which is the chronic periodontal breakdown of both soft and
hard tissues that support the teeth. Diabetes prevalence is assuming epidemic proportions with 30.2 million or 12.2% of the U.S. adult
population age =18 years having diabetes in 2015, of whom about one-quarter are unaware of their diabetes; an additional one-third
(84.1 million) have prediabetes, of whom about 90% are unaware. Due to the great prevalence of both diseases, it is important for health
care professionals and lay people alike to be aware of both periodontal diseases and diabetes and their two-way interactions in which
they mutually and adversely affect each other to understand how to prevent, treat, and manage both diseases. Since periodontitis and
diabetes share the same risk factors, any improvement in a risk factor should beneficially affect both conditions. This concept is shown
by a decrease in the level of inflammation upon nonsurgical periodontal treatment, which improves both periodontal health in individuals
with type 2 diabetes and those without diabetes, as well as glycemic control in type 2 diabetes and in people with prediabetes.

Gingivitis is a reversible inflammation of the soft tissues surrounding the teeth in response to dental plaque, whereas periodontitis is a
chronic, inflammatory disease that in response to dental plague causes breakdown of the soft and hard tissues surrounding the teeth in
susceptible individuals. This destruction often occurs without any pain or other symptoms. Nonetheless, if left untreated, it can lead to
loosening of the tooth and eventually to its total loss, with adverse effects on nutrition, self-esteem, and function. Moreover, the number
of teeth lost is strongly associated with atherosclerotic cardiovascular disease, and advanced tooth loss, especially edentulism (loss of all
teeth), is associated with premature all-cause mortality.

Periodontitis causes local and systemic inflammatory responses that lead to development or worsening of hyperglycemia and hence
contribute to increased blood glucose levels in healthy individuals; development of prediabetes, type 2 diabetes, and gestational
diabetes; decreased glycemic control in overt diabetes; and worsening of diabetes complications.

Diabetes is also a chronic, inflammation-related metabolic disease diagnosed by hyperglycemia. Such elevated blood glucose levels
negatively impact the inflammatory response to dental plaque, leading to more severe gingivitis and periodontitis. Hence, periodontitis
and diabetes mutually and adversely affect each other. Importantly, the risk factors are largely identical for these two diseases, so when
identifying and improving risk factors related to one of the two diseases, the other could be present and its severity lessened. Such
improvements could consist of quitting smoking, decreasing intake of added sugar, reducing any inflammation, and getting sufficient
sleep at healthy times per the circadian rhythm. Routine, nonsurgical, periodontal treatment (“deep cleaning”) that can be performed by
dental health care professionals in general dental practice or in periodontists’ specialty offices—together with proper home oral hygiene
care—can lead to improved glycemic control in type 2 diabetes.

Hyperglycemia can also contribute to impaired healing of lesions around the apex (tip) of the teeth with chronic infection and inflamma-
tion persisting in the jaw bone. Extraction of teeth that suffer from chronic periodontitis or periapical periodontitis leads to decreased
levels of inflammatory biomarkers. Moreover, diabetes and the use of diabetes medication can lead to dry mouth, which contributes to
development of caries, periodontitis, and thrush (candidiasis). Diabetic neuropathy can lead to burning mouth syndrome (glossodynia)
and taste impairment (dysgeusia) and may be involved in trigeminal nerve pain and temporomandibular joint disorders. Both periodon-
titis and diabetes lead to potentially severely diminished quality of life. Nonetheless, people with diabetes have fewer dental visits than
their peers without diabetes.
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It is important for both dental and medical care providers to keep in mind the possible coexistence of periodontitis and dysglycemia
(hyperglycemia), as both diseases negatively affect each other. Proper, mutual referral is essential, as both diseases can be improved, if
the informed providers collaborate in a patient-centered, interprofessional team approach in the interest of the best possible oral and

systemic health for their mutual patients.

Therefore, it may make both medical and financial sense to include the attainment of a healthy mouth in diabetes management, as
well as screening for diabetes in the dental office, with the potential for substantial decreases in the burden of both human disease and
suffering, as well as financial costs, to the benefit of the individuals, their caregivers, and society overall.

INTRODUCTION

The purpose of this chapter is to present
scientific evidence for the links between
oral health and diabetes in the United
States and, thereby, attract attention to
the importance of these relationships and
ultimately incorporate such knowledge
into the practice of both dentistry and
medicine. This goal is accomplished by
first introducing periodontal diseases

and presenting scientific evidence for

the two-way associations between these
diseases and diabetes/hyperglycemia,
including: (a) the effect of periodontitis
on glycemic control in people with and
without diabetes and diabetes compli-
cations; (b) the effect of nonsurgical
periodontal treatment on glycemic control
in prediabetes or diabetes; (c) the effect
of diabetes/hyperglycemia on periodontal
health; and (d) underlying mechanisms.
Second, the chapter presents evidence
regarding the effect of diabetes/hyper-
glycemia on other oral diseases and
conditions, including: (a) tooth loss

and root fragments; (b) tooth eruption;

(c) caries; (d) dry mouth; (e) candidiasis
(thrush); (f) burning mouth syndrome;
and other oral conditions. Finally, asso-
ciations between dental care utilization,
medical care utilization, and medical care
costs in people with diabetes who have
received periodontal therapy; the need for
interprofessional, patient-centered collab-
oration in diabetes management; and

the public health significance of the oral
health-diabetes links are discussed.

A major focus of this chapter is periodon-
titis, because it is the oral disease that
is most prevalent, potentially fatal, and
also most closely related to diabetes in a
mutually adverse (two-way, bidirectional)

manner. Diabetes, especially poorly

controlled diabetes, has long been consid-

ered a risk factor for periodontitis (1,2,3).
In 1993, periodontitis was declared the
likely sixth complication of diabetes by
Harald Loe, then Director of the federal
National Institute of Dental Research (4),
but not until about two decades later has
the medical community begun to take
notice. Only since the latter half of the
1990s has scientific evidence emerged
to support periodontal infection as a risk
factor for higher blood glucose levels,
poorer glycemic control, and certain
diabetes complications and, hence,
adversely affecting diabetes outcomes;
that is, an effect in the opposite direction
(5). Consequently, the effects are mutual
and result in a two-way relationship

between periodontitis and diabetes (6,7,8).

Evidence from U.S. studies is described
and briefly supplemented by evidence
from studies conducted in other coun-
tries when U.S.-derived evidence is
sparse or absent.

lllustrations that do not cite any previ-
ously published source show results
from original analyses of data from

the National Health and Nutrition
Examination Survey (NHANES) 2009—
2010 and 2011-2012 cycles conducted
specifically for Diabetes in America, 3rd
edition. Only dentate participants who
were age =30 years were eligible for
the NHANES oral examination. Hence,
data from the edentulous (edentate, no
natural teeth) and those who due to
medical contraindications (e.g., pregnant
women) or for other reasons did not
participate in the periodontal probing
examination were not included.

SOURCE AND LIMITATIONS OF DATA
ON DIABETES AND ORAL HEALTH
National Health and Nutrition
Examination Surveys 2009-2012
NHANES 2009-2012 data allow for
analysis of relationships between diabetes
status and several oral diseases and
conditions, including periodontitis, tooth
loss, and presence of retained root
fragments. NHANES uses independent,
known probability samples that produce
nationally representative estimates

for the civilian noninstitutionalized U.S.
population. The survey is conducted by
the National Center for Health Statistics
of the Centers for Disease Control and
Prevention (CDC) to assess the health and
nutritional status of adults and children

in the United States. Each year, the
NHANES examines a nationally repre-
sentative sample of about 5,000 persons
living in 15 counties across the country.
The NHANES interview includes demo-
graphic, socioeconomic, dietary, and
health-related questions. The examination
component consists of medical, dental,
and physiological measurements, as well
as collection of blood and urine samples
for laboratory tests. All protocols and data
are publicly available (9).

Data from the 20092010 and 2011-
2012 2-year cycles of the NHANES,
hereafter referred to as “NHANES 2009—
2012,” were analyzed specifically for this
chapter using the following criteria to
define diabetes, prediabetes, and normal
glucose levels: 1) Diabetes was defined by
self-report of previously being diagnosed
by a physician; otherwise having: glycated
hemoglobin (Alc) =6.5% (=48 mmol/mol);
or fasting (8—<24 hours) plasma glucose



(FPG) =126 mg/dL (=6.99 mmol/L); or
plasma glucose =200 mg/dL (=11.10
mmol/L) at 2 hours after a 75 g glucose
load (oral glucose tolerance test [OGTT]).
2) Prediabetes was defined as self-report
of not being diagnosed previously with
diabetes by a physician and either Alc
5.7%—6.4% (39—46 mmol/mol); or FPG
100-125 mg/dL (5.55—-6.94 mmol/L); or
plasma glucose level of 140-199 mg/dL
(7.77-11.04 mmol/L) at a 2-hour OGTT.
3) Participants were classified as having
normal glucose levels, i.e., having normal
glucose tolerance (NGT) or being normo-
glycemic, if they had Alc <5.7%, FPG
<100 mg/dL, and plasma glucose <140
mg/dL at a 2-hour OGTT.

Major strengths of the NHANES
2009-2012 are that (a) each 2-year cycle
includes a large, nationally representative
sample of the civilian noninstitutionalized
population in the United States and (b)
remarkably, the protocol for these cycles
of the NHANES includes for the first time
a comprehensive clinical periodontal
assessment at six sites around all
(maximally 28) natural teeth, except for
the often abnormally shaped or partly
erupted wisdom teeth (third molars) that
prevent exact measurements and often
are removed or congenitally missing. Such
comprehensive periodontal probing data

PERIODONTITIS: INTRODUCTION

allow application of periodontitis case
definitions to calculate the most accurate
prevalence estimates in the history of the
NHANES (and population-based examina-
tions globally). Prior NHANES protocols
used periodontal probing at only two or
three sites and probed only the buccal
side (facing the face or cheeks, not the
tongue or roof of the mouth) of the teeth
in half of the upper and half of the lower
jaw. Therefore, substantial numbers of
participants have been misclassified due
to disease missed. In fact, the analyses

of NHANES data collected prior to the
2009-2010 cycle underestimated the
true prevalence of periodontitis in the U.S.
population by up to 54% (10). The reason
that any disease recorded in only part of
the mouth cannot reliably be multiplied by
any factor to represent the entire mouth
is that periodontal breakdown does not
follow any symmetric pattern in a denti-
tion (the full complement of teeth in an
individual). Periodontal breakdown occurs
at specific, individual sites, with much
variation among the teeth in a person and
even among different sites around the
same tooth.

Limitations are: 1) the cross-sectional
survey design limits the ability to make
causal inferences; 2) the NHANES data
do not permit distinction between the

Oral Health and Diabetes

various types of diabetes; because type 2
is the most common, results are often
interpreted as pertaining largely to type 2
diabetes, but should probably be ascribed
to hyperglycemia; 3) periodontal examina-
tions were limited to adults age =30 years;
4) the lack of scoring gingival bleeding on
periodontal probing (BOP) prevents the
assessment of gingivitis, the reversible
gingival inflammation; 5) mucosal lesions
were not recorded; 6) salivary function
was not assessed; and 7) examination of
dental caries experience, which includes
both active caries and restored (filled,
crowned) caries lesions, was limited to
participants age 3—19 years and, hence,
was not conducted in the population

in whom periodontitis measures were
performed. Nonetheless, the presence

of root fragments of each permanent
tooth was recorded in participants age
=30 years. Such remaining root fragment
usually indicates gross caries (large cavi-
ties) with near complete breakdown of the
crown of the tooth, namely the part that
is covered by tooth enamel and is visible
above the gum line, although it is not
possible to know whether such breakdown
was caused by severe caries on the crown
or on the root. Trauma could potentially
also be the cause in rare cases.

MEASUREMENTS AND DEFINITIONS
Periodontal disease, referred to as “gum
disease” or “pyorrhea,” is an inflammation
of the soft or hard tissues surrounding the
teeth that is initiated by the bacteria in the
dental plaque located on the teeth near
the gum line and promoted by the host
immune system. Periodontal diseases
comprise various forms. Gingivitis is the
reversible form characterized by swollen,
reddened, and possibly bleeding gums,
affecting only the soft tissue around

the tooth. Gingivitis is an inflammatory
reaction caused by bacterial biofilm,
dental plaque, that accumulates on teeth
adjacent to the gums (gingiva) (11,12).
Chronic periodontitis is a more severe
form that irreversibly affects both soft
tissue and bone support around the tooth

in especially susceptible people and is a
major cause of tooth loss in adults (11,12).
This condition is usually referred to simply
as “periodontitis.” Chronic periodontitis is
a disease that needs potentially lifelong
monitoring and management, similar

to diabetes. Figure 31.1 illustrates the
various forms of periodontal health and
diseases (13).

Dental plaque is mainly an adherent
biofilm of microbes and (food) debris
attached to the tooth surface and to the
rough surface of any calculus (calcified
plaque, tartar) located above and beneath
the gum line. Plague accumulates with
poor oral hygiene and causes gingivitis
(11,12,14). Such plaque build-up often
occurs even in people who brush their

teeth, but do so incorrectly, for instance
by using a toothbrush with stiff, thick,

or frayed bristles or by a technique that
sweeps over the groove between the
tooth and the gum line and hence does
not succeed in removing the plaque. In
susceptible individuals, untreated gingi-
vitis may progress to chronic periodontitis
due to the host’s immune-inflammatory
response to the persisting biofilm
(11,12,14). A third form of periodontal
disease, periapical periodontitis, affects the
jaw bone around the opposite end of the
tooth, namely the tip of the root (apex), and
is visible only on radiographs. This condi-
tion is described separately in this chapter.

Chronic periodontitis cases can be
assessed by a variety of measures.
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Measures of the clinical presentation

are illustrated in Appendix 31.1 (15) and
include: (a) periodontal probing depth
(PPD); (b) clinical attachment loss (CAL);
(c) redness and puffiness as a sign of
inflammation; (d) spontaneous bleeding
from the gingiva; (e) BOP; or (f) bleeding
during tooth brushing. Radiographic
assessment of bone loss is also used in
patient care and research, and additional
research measures include: self-report
(responses to questionnaire items);
presence or elevated levels of antibodies
to periodontal bacteria often associated
with periodontitis found in serum, saliva,
or gingivo-crevicular fluid (GCF, inflam-
matory exudate from the gingival tissue
into the pocket between the tooth and the
surrounding soft tissue).

PREVALENCE OF CHRONIC
PERIODONTITIS IN THE UNITED
STATES

Gingivitis is nearly ubiquitous, affecting
50%—-90% of the adult population
worldwide (12). Analyzing data from the
NHANES 2009-2010, Figure 31.2 (16)
displays the prevalence of periodontitis
by age for different, commonly used
periodontitis case definitions for either
CAL (Panel A), PPD (Panel B), or the
combination of CAL and PPD (Panel C)
used in the increasingly globally accepted
case definitions for periodontitis designed
for periodontitis surveillance by the joint
workgroup of the CDC and the American
Academy of Periodontology (AAP) (17)
and hereafter referred to as the
CDC/AAP periodontitis case definitions
(18,19). These clinical case definitions are
displayed in Appendix 31.2.

Applying the CDC/AAP definitions to data
from the NHANES 2009-2010 cycle, 47.2%
of the U.S. population age =30 years had
periodontitis (16), distributed as 8.7% having
mild, 30% moderate, and 8.5% severe
periodontitis. An update incorporating the
NHANES 2011-2012 data estimated similar
prevalence distributions of periodontitis,
with 37.1% having mild/moderate and 8.9%
severe periodontitis for a weighted total of
46.0% having some form of periodontitis
among the 7,066 NHANES 2009-2012
participants, who represent 141.0 million

FIGURE 31.1. Periodontal Health, Gingivitis, and Periodontitis

Healthy Gingiva

Gingivitis

Periodontitis

Gingivitis is the reversible infection/inflammation of the soft tissues (gums), whereas periodontitis is a chronic, irre-
versible destruction of the soft and hard tissues surrounding the teeth (gums and jaw bone).

SOURCE: Reference 13, copyright © 2007 Wolters Kluwer, reprinted with permission

U.S. community-dwelling persons age =30
years (20). About two-thirds of those age
>65 years had periodontitis, ranging from
62.3% in Utah and New Hampshire to
over 70% in New Mexico, Hawaii, and the
District of Columbia (21).

Because periodontitis is a chronic,
irreversible, cumulative destruction of
the soft and hard tissues supporting

the teeth, its prevalence increases with
age. Figure 31.2 shows the variation by
age in the prevalence of periodontitis,
based on NHANES 2009-2010 data (16).
Remarkable is that the categories mild
and severe periodontitis, respectively, do
not increase significantly with age—a
novel finding at the nationally represen-
tative population level. The increase in
periodontitis prevalence by age is mostly
due to the moderate severity. Although
total periodontitis is highly prevalent, not
everyone will necessarily experience
periodontitis over a lifetime, and impor-
tantly, not all will ever develop severe
periodontitis, regardless of age.

Disparities in Prevalence of Chronic
Periodontitis in the United States
Race/Ethnicity

Racial and ethnic minority groups have

a substantially higher prevalence of
periodontitis than do non-Hispanic whites
in the United States when applying the
CDC/AAP case definitions (18) to the
NHANES 2009-2012 data. Figure 31.3

shows the prevalence of moderate/severe
periodontitis among adults age 4574
years by race/ethnicity.

Of U.S. adults ages 45—64 years

and 65—74 years, 45% and 59% were
estimated to have moderate/severe
periodontitis, respectively. The prevalence
of moderate/severe periodontitis for both
the Hispanic and non-Hispanic black
groups was significantly higher than the
non-Hispanic white group in both age
categories. The prevalence of moderate/
severe periodontitis was greater in the
non-Hispanic black than in the Hispanic
groups at age 45—64 years; conversely, it
was higher in the Hispanic group (>80%)
than in the non-Hispanic black group
(~70%) at age 65—74 years. Notice the
generally high prevalence (>54%) of
moderate/severe periodontitis in the older
age category for each racial or ethnic
group shown in Figure 31.3.

Using the CDC/AAP case definitions

(18) with the NHANES 2009-2012

data, the age-standardized prevalence
(xstandard error [SE]) among Hispanics
was 68.4(+1.5)% versus the following
non-Hispanic groups: 59.8(+2.0)% in blacks,
51.9(=3.8)% in Asian Americans, and
39.8(%1.8)% in whites (20). Importantly, the
severe form of periodontitis affected about
16% of Hispanics and non-Hispanic blacks
and 12% of Asians, but only 7% of non-His-
panic whites living in the United States (20).



Oral Health and Diabetes

FIGURE 31.2. Prevalence of Periodontitis in Adults Age =30 Years, U.S., 2009-2010
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(A) Prevalence by different cutoff values (3 mm, 4 mm, 5 mm, 6 mm, and 7 mm) for clinical attachment loss (CAL)
by age. (B) Prevalence by different cutoff values (3 mm, 4 mm, 5 mm, 6 mm, and 7 mm) for periodontal probing
depth (PPD) by age. (C) Prevalence of total periodontitis, mild periodontitis, moderate periodontitis, and severe
periodontitis by age using the Centers for Disease Control and Prevention/American Academy of Periodontology
case definitions (Reference 18). PD, periodontitis.

SOURCE: Reference 16, copyright © 2012 Sage Publications, reprinted with permission
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In the Multi-Ethnic Study of
Atherosclerosis (MESA) conducted in
California, lllinois, Maryland, Minnesota,
New York, and North Carolina, the 6,814
male and female participants age 45—84
years were asked the question: “Has

a dentist ever told you that you had
periodontitis or gum disease?” The highest
prevalence of self-reported periodontal
disease was found among the Chinese
(39.8%), followed by African Americans
(32.0%), whites (26.0%), and Hispanics
(17.4%) (22). After adjustment for
demographic and socioeconomic factors,
these racial/ethnic disparities persisted,
although whites and Hispanics did not
differ significantly in their prevalence of
self-reported periodontitis.

Socioeconomic Status

The NHANES 2009-2012 data with

the CDC/AAP case definitions illustrate
the stark disparity by education. For
instance, those who did not graduate from
high school had more than three times
(17.1[SE: £1.5]%) more severe periodon-
titis than those who did (5.7[SE: +0.6]%)
(20). Likewise, among those with incomes
<100% of the Federal Poverty Level (FPL),
14.9(SE: +1.2)% had severe periodontitis
versus only 4.9(SE: £0.7)% among those
with 2400% FPL incomes.

Among the oldest age groups (=65 years),
11.0% had severe periodontitis, whereas
two-thirds (68%) were affected by some
form of periodontitis. However, those

with the lowest income (<130% FPL) had
double the prevalence(=SE) of severe
periodontitis compared to those in the
highest income bracket (=351% FPL),
namely 17.7(x2.2)% versus 8.2(x1.7)% (21).

Geographic Location

The prevalence of periodontitis was not
evenly distributed in the different areas
of the United States. Novel methods
were developed and applied to predict
the periodontitis prevalence at state
and local levels, using a new small area
estimation (SAE) method that incorpo-
rated information from the NHANES
2009-2012, the Behavioral Risk Factor
Surveillance System (BRFSS) 2012,

FIGURE 31.3. Prevalence of Moderate/Severe Periodontitis Among Adults Age 45—74
Years, by Age and Race/Ethnicity, U.S., 2009-2012
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Periodontitis is defined using the Centers for Disease Control and Prevention/American Academy of Periodontology

criteria (Reference 18).
* p=0.05 compared to non-Hispanic white

SOURCE: National Health and Nutrition Examination Surveys 2009-2012

the 2010 Census, and the American
Community Survey (ACS) 2007-2011
(23). For the first time, the prevalence

of total periodontitis was predicted by
state, congressional district, county, and
census tract levels.

Figure 31.4 displays the prevalence at the
state level for U.S. adults age 30—79
years of any severity of periodontitis
(mild/moderate/severe) (Panel A) or
severe periodontitis (Panel B) (23). At
the state level, the estimated prev-
alence of total periodontitis ranged
from 37.7% in Utah to 52.8% in New
Mexico (mean 45.1%; median 44.9%),
whereas the prevalence in the counties
showed a greater spread, ranging from
33.7% to 68% (mean 46.6%; median
45.9%), not shown (23). At the state
level, severe periodontitis ranged from
7.3% in New Hampshire to 10.3% in
Louisiana (mean 8.9%; median 8.8%).
Among U.S. counties, the difference
was more than threefold, ranging from
5.2% to 17.9% (mean 9.2%; median
8.8%), not shown (23). The prevalence
of diagnosed diabetes in adults age
=18 years is displayed in Figure 31.4
Panel C (24) to illustrate that several
states share the greater burden of
both periodontitis and diabetes. The

prevalence of diabetes is shown with
greater prevalence indicated by darker
color shades. No state had a diabetes
prevalence <6%; in 8 states, 6.0%—7.4%
had diabetes; in 18 states, the prev-
alence was 7.5%—8.9%: and in the
remaining 24 states and the D.C., the
prevalence of diabetes was =9.0% (24).

Overall, the estimated prevalence of
both periodontitis and diabetes was
highest for southern and southeastern
states and for geographic areas in the
Southeast along the Mississippi Delta, as
well as along the United States-Mexico
border. Aggregated model-based SAEs
were consistent with national prevalence
estimates from the NHANES 2009-2012.
Almost one-quarter (23.8%, 7.2 million)
of the U.S. population of all ages who
have diabetes are not diagnosed (25),

so the actual prevalence distribution
could be somewhat different from that
illustrated. Theoretically, knowing the
estimated prevalence of periodontitis
could help identify high-risk geographic
areas, as well as socioeconomic popu-
lation groups, because periodontitis,
especially the severe category, is
acknowledged as a sign of other chronic,
inflammation-based diseases and condi-
tions (26).



PERIAPICAL PERIODONTITIS:
INTRODUCTION

Whereas chronic periodontitis is located
around the tooth near the crown, which

is the part of the tooth that is covered by
enamel and exposed in the oral cavity, a
special type of periodontitis is the break-
down of the soft and hard tissues around
the apex (tip) of the root, which is called
apical periodontitis or periapical periodon-
titis. The jaw bone breakdown occurs where
the root canal begins and through which
the blood vessels, nerves, and connective
tissue that together are known as the tooth
“nerve” enter the spaces inside the tooth,
namely the root canals in the roots and the
pulp chamber inside the crown. This type of
breakdown of the jaw bone is caused by the
bacteria and their toxins generated from an
infected and dying or dead “nerve.”

Evidence for the prevalence of periapical
periodontitis in the United States is scant
and does not exist on a population basis
because it is unethical to expose study
participants to irradiation inherent in
taking X-rays for the purpose of surveil-
lance or seeking such epidemiologic
prevalence evidence.

PERI-IMPLANT DISEASES:
INTRODUCTION

A condition similar to periodontitis that
pertains to the soft and hard tissues
around a natural tooth can occur around
an implant. Briefly, the peri-implant
diseases around dental implants are
called peri-implant mucositis and
peri-implantitis and correspond to the
periodontal diseases gingivitis and
periodontitis around the natural teeth.

Oral Health and Diabetes

FIGURE 31.4. Age-Adjusted Prevalence of Total and Severe Periodontitis in Adults Age
30-79 Years, by State, U.S., 2009-2012 and Age-Adjusted Prevalence of Diagnosed
Diabetes in Adults Age =18 Years, by State, U.S., 2012
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Periodontitis is defined using the Centers for Disease Control and Prevention/American Academy of Periodontology

criteria (Reference 18). ACS, American Community Survey.

SOURCE: Panels A and B: Reference 23, copyright © 2016 Sage Publications, reprinted with permission. Panel C:

Reference 24.
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PERIODONTITIS: EFFECT ON DIABETES

The first systematic review of noninterven-
tional epidemiologic studies of the effect
of periodontal infection on diabetes was
published in 2013 and included 17 eligible
reports from 16 studies that demon-
strated an adverse effect (27); narrative
reviews have also described evidence for
this link (28,29,30,31,32). The biologic
plausibility of periodontitis adversely
affecting glucose regulation and diabetes
outcomes is described in the section on
underlying mechanisms.

PREDIABETES (IMPAIRED FASTING
GLUCOSE, IMPAIRED GLUCOSE
TOLERANCE) AND INSULIN
RESISTANCE

Cross-sectional Studies

National Health and Nutrition
Examination Surveys

Analyses of data from the NHANES IlI
(1988-1994) investigated the association
between chronic periodontitis (desig-
nated as exposure) and impaired fasting
glucose (IFG) and diabetes prevalence
(designated as outcomes) among 12,254
adults age =20 years. Participants were
grouped into quintiles of increasing
severity of periodontitis based on mean
CAL and PPD, irrespective of their
diabetes status (33). Glycemic outcome
categories were defined as: normal
(glucose <100 mg/dL), IFG (glucose
100-125 mg/dL), and diabetes (glucose
=126 mg/dL or self-reported diabetes,
affirmative to: “Has a doctor ever told
you that you have diabetes?”). Chronic
periodontitis was significantly associated
in a dose-response manner with both
the prevalence of IFG and overt diabetes,
regardless of whether the periodontal
status was assessed by quintiles of PPD
or CAL in multivariable logistic regression
models that adjusted for age, sex, educa-
tion, income, race/ethnicity, smoking,
alcohol intake, missing teeth, last dental
visit, body mass index (BMI), central
adiposity, and physical activity. Compared
with participants in the lowest quintile (i.e.,
the least severe periodontitis category),
those in the most severe CAL category
had 55% greater odds (odds ratio [OR]
1.55, 95% confidence interval [CI] 1.16—
2.07) of having IFG and nearly five times
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greater odds of having diabetes (OR 4.77,
95% Cl 2.69—8.46). The corresponding
findings for PPD were 39% (OR 1.39, 95%
Cl 1.00-1.92) and 63% greater odds (OR
1.63, 95% Cl 1.10-2.42), respectively (33).
This study provided evidence that chronic
periodontitis was positively associated in
a dose-response manner with increased
prevalence of IFG and diabetes in a repre-
sentative sample of U.S. adults.

A similar cross-sectional study inves-
tigating the relationship between
periodontitis (designated as exposure) and
insulin resistance (designated as outcome)
analyzed data from 3,616 diabetes-free
participants age 20—85 years in the
continuous NHANES 1999-2004 (34),
while considering whether systemic
inflammation either mediated or modi-
fied this association. Periodontitis was
specified using quartiles and continuous
measures of mean PPD and CAL, as

well as by the original 2007 CDC/AAP
periodontitis case definitions (19). The
homeostasis model assessment of
insulin resistance (HOMA-IR) (35) was
used to create the outcome variable of
insulin resistance using a dichotomous
variable with the 75th percentile of
HOMA-IR (HOMA-IR =75th percentile)

as the cutpoint. Systemic inflammation
was classified by quartiles of white blood
cell (WBC) count and C-reactive protein
(CRP) (36). The adjusted logistic regres-
sion analyses identified an association
between periodontitis assessed by PPD
and increased risk for insulin resistance:
for each 1 mm increase in mean PPD,
the risk of HOMA-IR =75th percentile
increased by 24% (risk ratio [RR] 1.24,
95% Cl 1.03-1.48), whereas the mean
CAL was not associated with greater risk
for insulin resistance when controlling

for age, sex, race/ethnicity, education
level, smoking status, physical activity
level, total energy intake, BMI, poverty
income ratio, systolic blood pressure, total
cholesterol-to-high density lipoprotein
(HDL) cholesterol ratio, triglycerides, WBC,
and high-sensitivity CRP. Moreover, 6% of
the total association between mean PPD
and HOMA-IR =75th percentile was found
to be mediated by WBC. There was an

interaction with systemic inflammation
(effect modification) as mean PPD was not
related to insulin resistance for individuals
with WBC <6.4x10°; however, the fourth
quartile of mean PPD was associated

with insulin resistance among partici-
pants with WBC >7.9x10° (RR 2.6, 95% ClI
1.36—-4.97). Among participants with CRP
>3.0 mg/L, the findings were similar. While
the cross-sectional design of this study
precludes drawing the causal inference
that periodontitis contributes to the devel-
opment of insulin resistance, these results
support the biologic plausibility of such a
causal relationship and suggest a syner-
gistic interaction between periodontitis
and systemic inflammation (34).

A third NHANES study investigated

the relationship between periodontal
infection (designated as exposure) and
prediabetes (IFG and impaired glucose
tolerance [IGT], designated as outcomes)
by analyzing data from the continuous
NHANES 2009-2010 (37) collected from
1,165 diabetes-free adults age 30—80
years. Periodontitis was classified as
no/mild, moderate, or severe using the
original 2007 AAP/CDC periodontitis case
definitions (19) and also dichotomously
using the 75th percentiles for mean PPD
and CAL as cutpoints. Prediabetes was
defined as: IFG (FPG 100-125 mg/dL)

or IGT (2-hour plasma glucose 140-199
mg/dL) (38). Periodontitis was positively
associated with prevalent IGT. After adjust-
ment, the odds of IGT in participants with
severe periodontitis were almost double
those for no/mild periodontitis (OR 1.93,
95% Cl 1.18-3.17) and double for those
in the 4th quartile (OR 2.05, 95% ClI
1.24-3.39) versus those for the 1st—3rd
quartiles of mean PPD. However, the odds
ratios for IFG were not significant (37).
This is in contrast to the study using data
from the NHANES Il where both CAL and
PPD were associated with significantly
greater odds of IFG, even in a linear,
dose-response manner (33). The differ-
ences in findings could possibly be due to
application of different examination proto-
cols and periodontitis case definitions.



Longitudinal Studies

Longitudinal studies observe individuals
with periodontitis over time and allow
assessment of the extent to which
periodontitis increases the risk for diabetes
incidence (new development), severity,
progression, or complications. No longi-
tudinal studies from the United States

have evaluated the association between
the exposure of periodontitis and the
development of prediabetes. However, a
quasi-longitudinal Japanese study evalu-
ated the relationship between changes in
glucose levels over 10 years in 415 men
and women initially age 40—69 years

and with NGT at baseline (39) who had
periodontitis assessed only at the end.

The outcomes were: development of IFG;
IGT; an absolute increase of Alc =0.2%;

or development of overt type 2 diabetes.
Periodontal health status was classified
into three categories using mean PPD and
mean CAL, respectively: 1) highest 20%
(most severe category, i.e., poor periodontal
health), 2) lowest 30% (periodontally
healthy); and 3) the remaining 50% inter-
mediate group. After 10 years, those in the
most severe and intermediate categories of
mean PPD had significantly greater odds
of developing IGT than the periodontally
healthy (OR 3.1, 95% Cl 1.4—6.9 and OR
2.1,95% Cl 1.0-4.2, respectively). Likewise,
the most severe periodontitis category had
more than double the odds (OR 2.4, 95% Cl
1.2—4.6) than those with healthy periodon-
tium of experiencing Alc increases. All
analyses were adjusted.

A German population-based prospective
cohort study classified 2,312 dentate

and initially diabetes-free adults age

20-81 years into four groups by severity
of periodontitis at baseline. After 5 years,
there was an adjusted and statistically
significant fivefold higher absolute increase
in Alc level in people with the poorest
baseline periodontal status compared to
those with the healthiest periodontal status
(40). This Alc increase was significantly
greater (p=0.003) in individuals with both
poor baseline periodontal health and
further deterioration (Alc change over 5
years: 0.143%) compared to those with

the healthiest periodontal status at both
baseline and follow-up (Alc change over

5 years: 0.005%). Importantly, the Alc
change was greatest in those with elevated
high-sensitivity CRP levels at baseline.

GLYCEMIC CONTROL
Cross-sectional Studies

U.S. Population-Based Studies
National Health and Nutrition
Examination Surveys 2009-2012
Analyses of the NHANES 2009-2012
data evaluated the age-standardized
prevalence of poorer glycemic control

by periodontitis status among the 1,239
U.S. adults age =30 years who had
diabetes. Poorer glycemic control was
defined using two thresholds: Alc >7%
(>53 mmol/mol) and Alc >8% (>64
mmol/mol). Periodontitis status was
defined by combining the CDC/AAP
periodontitis case definitions (18) into no/
mild and moderate/severe, respectively.
Both overall and within the majority of
the sociodemographic and health-re-
lated subgroups, the prevalence of poor
glycemic control defined as Alc >8% was
consistently greater in participants with
moderate/severe periodontitis compared
to those with no/mild periodontitis (Table
31.1). For example, among participants
with no/mild periodontitis only 14.7(SE:
2.2)% had poorly controlled diabetes (Alc
>8.0%) versus 27.5(SE: 3.5)% of those with
moderate/severe periodontitis.

The consistent pattern of a significantly
higher prevalence of poor glycemic

control in those with moderate/severe
periodontitis than in those with no/mild
periodontitis was found in subgroups of
persons with diabetes, as summarized in
Table 31.1 and illustrated in Figure 31.5 by
age (Panel A); sex (Panel B); racial/ethnic
groups (Panel C); and BMI (Panel D). Only
among non-Hispanic whites, the differ-
ence in prevalence of Alc >8% between
moderate/severe and no/mild periodontitis
was not statistically significant (Panel

C). Moreover, the prevalence of Alc >8%

in both periodontitis categories among
non-Hispanic whites is clearly lower than in
the other three racial/ethnic categories.

As well, poor glycemic control (Alc
>8%) in the youngest age group (30-44
years) was found in 18.9(SE: 4.1)%
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of those with no/mild periodontitis
compared to 45.6(SE: 8.2)% of those
with moderate/severe periodontitis. In
the older age group (=65 years), the
corresponding figures were 3.5(SE: 1.2)%
versus 12.6(SE: 2.0)%. Nonetheless, it
is noteworthy that there is a diminishing
gradient for prevalence of Alc >8% in
both periodontitis categories as age
increases. That is, among participants
with moderate/severe periodontitis,
roughly 45% of those age 30—44 years,
decreasing to about 22% of those age
45—64 years and further decreasing to
about 12% in the oldest age group had
Alc >8% (Figure 31.5 Panel A).

Longitudinal Studies

Longitudinal studies observe individ-

uals with periodontitis over time and

allow quantification of the extent that
periodontitis increases the risk for diabetes
incidence (new development), severity, or
progression. The first systematic literature
review to explore the effect of periodon-
titis on glycemic control was published in
2013 and identified four studies exploring
whether periodontitis is associated with

a worsening of glycemic control over

time (27). Only one of the studies was
conducted in the United States, namely
among the Gila River Indian Community
dentate members age 18—67 years who
had type 2 diabetes, defined as having
plasma glucose =200 mg/dL after a
2-hour OGTT (5). Enrollment required a
baseline Alc 29% (=75 mmol/mol), at the
time considered as poor control. Severe
periodontitis classification required
baseline CAL =6 mm or radiographic bone
loss of =50% at =1 tooth. After a mean

of 2.4 years (range 2—4 years), 80 partici-
pants had clinical and 88 had radiographic
examinations. Participants with severe
clinical periodontitis at baseline had a signif-
icant sixfold greater risk of developing Alc
=9% (OR 6.2, 95% Cl 1.5—25.3) than those
without severe periodontitis.

The biologic plausibility for chronic
periodontal infection potentially adversely
affecting blood glucose levels is briefly
described in the section Mechanisms
Underlying the Bidirectional Relationship
Between Periodontitis and Diabetes.
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TABLE 31.1. Crude and Age-Standardized Prevalence of Alc Categories in Dentate Adults Age =30 Years With Diagnosed or Undiagnosed
Diabetes and No/Mild Periodontitis (Section A) or Moderate/Severe Periodontitis (Section B), U.S., 2009-2012

PERCENT (STANDARD ERROR)

Alc (Percent)
CHARACTERISTICS SAMPLE SIZE <5.7 5.7-<6.5 6.5-7.0 >7.0-8.0

No/mild periodontitis n=47 n=110 n=106 n=88 n=74
All

Crude 425 13.3(3.4) 37.1(3.7) 19.1(2.9) 15.8(1.8) 14.7 (2.2)

Age-standardized* 425 14.3 (3.5) 36.4(3.7) 19.5(3.1) 15.2(1.8) 14.7 (2.2)
Age (years)

30-44 101 19.6 (6.9 32.8(7.2) 20.0 (4.9) 8.7 (2.7)! 189 (4.1)

45-64 212 8.5 (2.8)! 41.0 (5.0 16.4 (2.9) 16.6 (3.3) 174 (2.9)

=65 112 17.8 (5.5) 32.5(6.6) 24.7 (5.6) 21.5(4.6) 3.5 (L2}

=75t 39 20.6 (7.4 38.4(11.0) 20.5 (6.7)! 18.6 (6.9)! g
Sex

Men 166 13.1 (4.4)! 31.3(6.2) 23.2(5.3) 16.1(3.5) 16.4 (3.8)

Women 259 14.8 (4.3) 39.8(5.9) 174 (2.9) 14.4(1.9) 13.6(2.2)
Race/ethnicity

Non-Hispanic white 171 15.3 (5.1)! 41.0 (5.5) 17.7 (4.5) 14.3 (2.4) 11.7(2.2)

Non-Hispanic black 109 5.6 (2.1} 272 (4.2) 32.8(5.7) 16.2 (2.8) 18.2(3.7)

All Hispanic 104 17.7 (5.5)! 33.3(4.7) 176 (5.1) 15.7 (3.1) 15.7 (3.7)

Mexican American 45 8.5(3.5)? 47.8(7.0) 11.3 (4.6) 19.9 (4.2) 12.6 (5.8)?

Smoking status

Never smoker 268 14.9 (3.8) 35.7(3.7) 16.0 (2.6) 17.8 (2.8) 15.6 (2.8)

Former smoker 122 10.6 (5.3)? 42.8(7.6) 22.9(6.4) 114 (3.2) 12.5(3.5)

Current smoker 35 15.3 (6.3)% 26.6 (9.7)! 21.7 (7.1} 21.9(5.4) 14.4 (5.7)!
Education

<High school 95 11.2 (5.6) 35.5(7.7) 25.3(5.9) 16.1(3.4) 11.8(3.3)

High school 86 11.3 (2.4) 39.9(7.7) 19.7 (7.5 9.7 (3.3)! 19.4 (6.5

>High school 243 15.2 (4.1) 34.0 (5.0 20.0(2.8) 17.1(2.8) 13.7 (2.7)
Body mass index (kg/m?)

<25 49 22.6 (5.6) 32.6(7.2) 20.3 (6.7) 9.2 (3.7)? 15.3 (6.1)!

25-30 101 13.7 (4.0) 485 (6.7) 175 (4.7) 8.8 (2.9) 11.5 (4.2

=30 273 12.1 (3.9 32.3(5.5) 20.8(3.3) 19.0 (2.9) 15.8 (2.6)
Poverty income ratio

First tertile (0-2.1) 188 16.4 (3.7) 30.8 (5.0) 18.7 (3.8) 16.6 (2.5) 176 (3.6)

Second tertile (2.2—4.5) 109 9.6 (3.9) 40.1(7.9) 18.7 (4.6) 14.3 (4.6)! 17.3(5.0)

Third tertile (=4.6) 94 12.7 (4.5 28.2(5.1) 30.7 (6.5) 17.3 (4.1) 11.1 (4.5
Cotinine (serum; ng/mL)

<0.05 273 14.6 (3.7) 36.7 (4.4) 175 (3.0) 15.7 (2.2) 15.5(3.0)

0.05-<3.0 89 11.1 (4.2} 46.0(8.5) 18.1 (4.8) 10.2 (3.4) 14.6 (4.6)!

>3.0 51 9.8 (3.7) 25.0 (8.4) 31.3 (9.5 21.4(6.0) 12.5 (4.6)!
Diabetes medication

Insulin only 42 g g 18.0 (7.4)? 30.9(5.7) 42.3(7.8)

Oral medication only 156 8.3(2.6) 44.3(5.7) 19.7 (5.2) 19.3(3.7) 8.4 (2.8)

Insulin and oral medication 39 g g g 33.7(8.8) 50.1 (6.6)

No medications 37 37.8(10.9) 36.2 (17.5) g g 12.9(6.1)
Duration of diabetes (years)

<5 90 13.2(3.5) 39.4 (5.4) 19.4 (4.8) 15.9 (4.4) 12.1 (3.9

5—<10 62 S 27.2 (8.7} 16.0 (5.1)! 8.2 (3.6)? 42.5(7.9)

=10 122 8.6 (3.3 16.6 (4.5) 19.1 (7.2} 32.9(5.9) 22.9(5.4)

Table 31.1 continues on the next page.
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TABLE 31.1. (continued)

PERCENT (STANDARD ERROR)

Alc (Percent)
CHARACTERISTICS SAMPLE SIZE 5.7-<6.5 6.5-7.0 >7.0-8.0

Moderate/severe periodontitis n=58 n=215 n=208 n=141 n=192
All

Crude 814 10.2 (1.8) 33.9(2.8) 20.8 (1.8) 14.8 (1.6) 20.3 (2.6)

Age-standardized* 814 9.2(L7) 29.9(3.0) 19.3(1.8) 14.1(2.2) 27.5(3.5)
Age (years)

30-44 72 g 25.6(7.1) 12.3 (4.0)* 10.6 (5.1)? 456 (8.2)

45-64 399 10.8(3.1) 25.7 (3.8) 24.6(3.1) 17.0 (2.9) 21.8(3.6)

=65 343 10.6 (2.6) 44.4 (3.6) 189 (2.1) 13.5(1.8) 12.6 (2.0)

=75t 146 12.1 (4.3} 50.9 (6.0) 19.2 (3.5) 11.4(2.8) 6.5 (2.0
Sex

Men 481 10.3 (2.4) 24.0(3.6) 20.0(2.5) 16.3 (2.6) 29.3(4.1)

Women 333 6.4 (1.6) 41.2 (4.1) 179 (3.2) 10.7 (2.7) 23.8(4.1)
Race/ethnicity

Non-Hispanic white 232 12.4(3.2) 33.8(6.4) 17.1(3.2) 17.0 (5.6)! 19.7 (6.2)

Non-Hispanic black 223 6.1(1.2) 21.3(2.9) 28.1(4.8) 10.5(1.7) 339 (4.4)

All Hispanic 265 5.4 (2.2¢ 30.3(3.1) 19.0(2.7) 15.2(2.9) 30.1(3.7)

Mexican American 174 g 30.2 (2.8) 22.6(3.9) 17.4 (4.0) 26.3(3.4)

Smoking status

Never smoker 392 7.7(1.9) 31.9(3.0) 17.7 (2.5) 13.4 (2.4) 29.4(2.5)

Former smoker 265 9.8 (3.6)! 34.8(7.0) 22.8(3.2) 11.2 (2.6) 21.4(5.9)

Current smoker 156 9.3 (3.5 19.7 (4.5) 18.3(3.7) 17.3(5.0) 35.3(8.0)
Education

<High school 325 7.8 (2.7} 26.6 (4.3) 22929 16.9 (3.1) 25.8 (4.1)

High school 188 11.2 (4.5) 29.1(5.8) 20.8 (4.1) 77(2.2) 31.1(5.6)

>High school 300 9.4 (29) 33.3(5.9) 15.0 (2.5) 16.3 (4.7) 25.9(6.2)
Body mass index (kg/m?)

<25 126 6.6 (2.3)! 26.1(5.3) 6.4 (1.7) 27.2 (8.8)! 33.7 (6.8)

25-30 249 14.3 (4.1) 32.9(4.8) 15.2(3.1) 12.1(3.0) 25.6 (4.2)

=30 432 8.1(2.3) 26.7 (3.8) 23.7 (2.4) 13.3(2.0) 28.2 (4.8)
Poverty income ratio

First tertile (0-2.1) 439 9.3(2.5) 30.4(3.7) 18.2 (2.4) 14.1(2.1) 28.0(3.5)

Second tertile (2.2—4.5) 192 3.8 (1.4} 39.0(7.7) 18.1(3.3) 19.7 (7.1 19.4 (5.1)

Third tertile (=4.6) 91 14.4 (5.3} 10.4 (2.4) 16.2 (4.1) 8.3(2.8) 50.7 (7.2)
Cotinine (serum; ng/mL)

<0.05 443 79 (2.0 36.4(4.9) 21.5(2.1) 12.0 (2.4) 22.1(4.1)

0.05-<3.0 171 12.8 (4.4) 23.9(4.8) 16.3 (4.4) 16.7 (4.6) 30.3 (5.4)

>3.0 186 8.0 (3.1t 21.7 (5.0) 18.0(3.6) 15.1 (4.4) 37.1(8.5)
Diabetes medication

Insulin only 56 g 13.2 (5.0)! 6.3 (2.6) 41.7 (11.5) 38.9(10.2)

Oral medication only 344 4.6 (L.6) 23.0(6.0) 21.4(3.5) 20.4 (4.3) 30.6(7.])

Insulin and oral medication 77 g 6.3 (2.3 14.9 (4.8) 11.7 (4.9)? 66.8 (6.1)

No medications 74 20.6 (6.9)! 38.1(5.7) g g 27.4(7.1)
Duration of diabetes (years)

<5 173 9.6 (3.2)! 276 (5.7) 20.8 (4.4) 18.5(3.7) 23.5(4.4)

5—<10 123 5.6 (2.1} 30.7 (8.9) 10.1 (3.5)! 18.9(3.8) 34.6(9.1)

=10 251 2.9 (1.1} 14.3 (2.8) 15.6 (2.8) 20.0 (6.1) 47.3(7.3)

Among adults age =30 years with diabetes. Periodontitis is defined using the Centers for Disease Control and Prevention/American Academy of Periodontology criteria
(Reference 18). Diabetes is defined by self-report of being diagnosed previously by a physician or by Alc 26.5% or FPG =126 mg/dL or 2-hour plasma glucose =200 mg/dL. The
analysis excludes pregnant females and those missing Alc or periodontal disease status. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1
Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.

* Data (except for the age groups) are age-standardized to the National Health Interview Survey 2012 population using age groups 30—44, 45—-64, and =65 years.

T Also included in the age group =65 years.

! Relative standard error >30%—40%

2 Relative standard error >40%-50%

3 Estimate is too unreliable to present; <1 case or relative standard error >50%

SOURCE: National Health and Nutrition Examination Surveys 2009-2012
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FIGURE 31.5. Prevalence of Alc >8% Among Dentate Adults Age =30 Years With Diabetes, by Periodontitis Status and Age, Sex,
Race/Ethnicity, and Body Mass Index, U.S., 2009-2012
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Periodontitis is defined using the Centers for Disease Control and Prevention/American Academy of Periodontology criteria (Reference 18). Diabetes is defined by self-report of
previously being diagnosed by a physician or by Alc =6.5% or fasting plasma glucose =126 mg/dL or 2-hour plasma glucose =200 mg/dL. Data in panel A are crude estimates.
Data in panels B, C, and D are age-standardized to the National Health Interview Survey 2012 population using age groups 30—-44, 45—64, and =65 years. Error bars represent
95% confidence intervals. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycated hemoglobin.

*

! Relative standard error >30%—40%
2 Relative standard error >40%-50%

p=<0.05 compared to those with no/mild periodontitis

SOURCE: National Health and Nutrition Examination Surveys 2009—-2012. See Table 31.1.

Intervention Studies: Effect of
Periodontal Treatment on Glycemic
Control in Persons With Diabetes
Type 1 Diabetes

Few treatment studies have been
conducted exclusively in people with type
1 diabetes and none in the United States.
However, with chronic periodontitis
affecting mostly adults, the low preva-
lence of type 1 diabetes among adults,
and the overpowering effect of insulin, the
effect of periodontal treatment on Alc in
type 1 diabetes is inconclusive.

Type 2 Diabetes

Numerous smaller intervention studies
conducted in many different countries
and several systematic reviews and
meta-analyses of various subsets thereof
have explored whether routine nonsurgical
periodontal therapy (“deep cleaning”) that
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can be provided in general dental offices
can improve glycemic control in people
with type 2 diabetes. Given the ethical
issues of withholding treatment known
to be efficacious once chronic periodon-
titis is diagnosed for any longer than
patients would not usually see a dental
care provider, combined with the prohib-
itive costs of conducting such studies,
intervention studies are usually of short
duration; hence, it is not known whether
any observed effect is sustainable.

Effect of Nonsurgical Periodontal
Therapy on Glycemic Control in

Type 2 Diabetes

Meta-analyses of randomized controlled
trials (RCTs) exploring the effect of nonsur-
gical periodontal therapy on glycemic
control in type 2 diabetes are summarized
in Table 31.2 (41,42,43,44,45,46,4748,

49,50,51,52,53,54), and four overviews

of such meta-analyses are also published
(55,56,57,58). The statistically significant
Alc improvements range from an abso-
lute improvement of 0.27 percentage
points (95% CI -0.46 to -0.07) to 1.21
percentage points (95% Cl -1.68 to -0.75).
This improvement is of the same order

of magnitude as that expected from
adding a second oral diabetes medication
to metformin, namely from 0.5 to0 2.5
percentage points (59,60). Therefore, such
improvement would be of potential clinical
significance in diabetes management.

As of August 2017, only seven RCTs in
which all participants had diabetes and
periodontitis were conducted in the United
States (61,62,63,64,65,66,67). These
studies included an experimental group
that immediately received nonsurgical
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TABLE 31.2. Effect of Nonsurgical Periodontal Treatment on Glycemic Control in Adults With Diabetes: Meta-Analyses of Randomized
Controlled Trials Published Through August 1, 2017

Alc CHANGE
REFERENCE FOLLOW-UP DURATION TREATMENT NUMBER OF RCTS POOLED N PERCENT (95% CI)* P VALUE
Meta-analyses that include trials with participants with type 2 diabetes only
41 3-9 months SRP only 3, plus 2 CCTs 180 -0.40 (-0.77 to -0.04)F 0.03%
428 3—-4 months SRP only 3 244 -0.40 (-0.78 10 -0.01) 0.04%
43 3—-6 months SRP only 5 315 -0.65 (-0.88t0-0.43) <0.05%
44 3—4 months SRP only 9 775 -0.36 (-0.54 t0 -0.19) <0.0001%F
45 6 months SRP only 6 422 -0.41 (-0.73 t0 -0.09) 0.013%
46 6 months SRP only 3 235 -0.31 (-0.74 t0 0.11) 0.15
47 SRP only 10 587 -1.21 (-1.68t0-0.75) 0.000%
3 months 6 55 -1.03 (1.7 t0-0.31) 0.003%
6 months 3 150 -1.18 (-1.64 t0-0.72) <0.001%
9 months 1 72 -1.90(-2.2t0-1.6) NA
48 3—-4 months SRP+AM only 3 143 -0.24 (-0.62 to 0.14) 0.217
49 3 months SRP only 9 1,082 -0.27 (-0.46 t0 -0.07) 0.007%
508 3—-4 months SRP+AM 15 1,499 -0.29 (-0.48 10 -0.10) 0.003t
3—-4 months SRP only 8 547 -0.41 (-0.73 t0 -0.08) 0.013%
3—4 months SRP+AM 7 952 -0.18 (-0.39t0 0.03) 0.092
6 months SRP+AM 5 826 0.02 (-0.20t0 0.16) 0.84
6 months SRP only 3 263 -0.18 (-0.58 10 0.22) 0.38
6 months SRP+AM 2 563 0.02 (-0.1810 0.22) 0.83
51 3 months SRP+AM 7 940 -0.48 (-0.78 t0 0.18) 0.002%
At end of intervention 7 940 -0.53 (-0.81 t0 -0.24) <0.001%
AM?QE'U [t)Ll\J;ash 3 584 1051 (1.0t0-0.03) 0.044
A,ai:(‘)’ﬁ:a";tsh 4 356 -0.53 (0.87 t0-0.19) 0.002¢
Meta-analyses that include trials with participants with either type 1 or type 2 diabetes
52 2 months—>5 years SRP+AM 1,plus9 456 (188/268) -0.38(-1.5t00.7) NS
SRP+AM non-RCT studies 268 (0/268) -0.66 (-2.210 0.9) NS
SRP only 456 (188/268) 0.44(2.1t0 1.3) NS
SRP+AM 268 (0/268) -0.71 (2.3t00.9) NS
53 =2 weeks SRP+AM 9 485 (53/432) -0.46 (-0.82to -0.11)t 0.01t
46 3 months SRP only 8 678 (12/666) -0.38 (-0.53 t0 -0.23) 0.001%
54 3 months SRP+AM 10 1,135 (39/1,096) -0.36 (-0.52 t0-0.19) <0.001%
6 months SRP+AM 4 754 (39/715) -0.30 (-0.69 to 0.09) 0.13

Alc, glycated hemoglobin; AM, antimicrobials; Cl, confidence interval; CCT, clinical controlled trial; NA; not applicable; NS, nonsignificant; RCT, randomized controlled trial; SRP,
scaling and root planing (“deep cleaning”).

* Percentage point reflects actual, not relative, difference.

T Standardized mean difference

1 Statistically significant at p<0.05

§ Diabetes type not reported, but vast majority was type 2 diabetes.

SOURCE: References are listed within the table.

periodontal treatment (i.e., scaling and improvement in Alc (62,63,65,67), while lower Alc; conclusions that could be

root planing) with or without adjunctive three demonstrated significant improve- drawn being limited because periodontal
local or systemic antibiotics or antimi- ment in Alc levels (61,64,66). treatment failed to reach a successful
crobial mouthwashes and at least one therapeutic endpoint as per standard
“comparison” group that initially received The largest U.S. multicenter RCT practice and which was demonstrated to
no or less intensive periodontal treatment, (62,68) that was included in four of the be clinically achievable in prior studies;
but received “delayed” treatment 6-9 meta-analyses (49,50,51,54) was halted and the high prevalence of obesity that
months later. The reason that treatment early due to futility. However, this $18 could have masked any anti-inflammatory
cannot be withheld from any true control million RCT received considerable criti- effect of even successful periodontal
group is that it is unethical not to treat cism (69,70,71,72,73). The major areas therapy (69). Notably, at the end of this
persons with diagnosed periodontitis for of criticism included: baseline levels of intervention study, 72.1% of all the sites
more than about 6—9 months because Alc for participants already being close had plaque (causing inflammation), 41.6%
effective treatment is known. Of the to the goal for good glycemic control, of the sites bled upon probing (sign of
seven mostly small RCTs conducted in the thus limiting the chance for the effect inflammation), and 30.7% of the partici-
United States, four found no significant of periodontal treatment to significantly pants had diseased PPD of =4 mm (69).
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Consequently, it is unknown whether
successful periodontal therapy leading to
acceptable periodontal health would have
had an effect on Alc level. Nonetheless,
the authors reported there was no signif-
icant improvement in Alc level following
nonsurgical periodontal therapy.

A large, prospective cohort study of data
from 126,805 people with type 2 diabetes
who received periodontal treatment
during 2005—2012 at all medical facili-
ties in the U.S. Veterans Administration
concluded that such care improved Alc
(74). Periodontal treatment increased the
likelihood of reaching the Alc <7% or <9%
targets, and the effect of treatment at
follow-up was greatest, namely 0.25% in
absolute Alc reduction, among patients
with an initial Alc >9% (74).

In conclusion, based on the body of
evidence, it is prudent to recognize a
potentially beneficial role for nonsurgical
periodontal therapy contributing to improved
glycemic control in people with diabetes,
although future, solid evidence from large
randomized trials remains warranted.

Adjuvant Antibiotics/Antimicrobials
There is much debate regarding whether
to supplement mechanical, nonsurgical
periodontal treatment (“deep cleaning”)
with antibiotics/antimicrobials delivered
locally or systemically, especially with
the current attention to the urgent

need for severely restricting the use

of antibiotics. Based on 13 eligible
studies, a 2016 systematic review of such
treatment in type 2 diabetes concluded
that systemic adjuvant antimicrobials
did not enhance the outcome for most
periodontitis measures (75). Only the PPD
benefitted statistically significantly, but
the mean difference of 0.15 mm reduc-
tion favoring those receiving antibiotics
compared to those who did not seemed
clinically insignificant. However, another
systematic review and meta-analysis of
six RCTs concluded that both PPD and
CAL improved more with application of
local antimicrobials, especially in deep
periodontal pockets in patients with

well-controlled types 1 and 2 diabetes (76).

31-14

Effect of Nonsurgical Periodontal
Therapy on Inflammatory Markers in
Type 2 Diabetes

Importantly, the level of systemic inflam-
matory biomarkers decreases upon
nonsurgical periodontal treatment in
people with type 2 diabetes and periodon-
titis (77,78). The importance of decreasing
the general inflammatory response is
described in the section on underlying
mechanisms.

DEVELOPMENT OF TYPE 2 DIABETES
IN PERSONS WITH PERIODONTITIS
U.S. Population-Based Studies
National Health and Nutrition
Examination Surveys

Three longitudinal (cohort) studies have
investigated whether periodontitis at
baseline is associated with the devel-
opment of new type 2 diabetes (27).
Data were analyzed from 9,296 (7,168
dentate) persons age 25—74 years and
initially diabetes-free who participated

in the NHANES | and its Epidemiologic
Follow-up Study (NHEFS) by completing a
baseline dental examination (1971-1976)
and having at least one follow-up eval-
uation between 1982 and 1992 (79).
Diabetes on follow-up was ascertained
by a self-reported physician diagnosis
requiring pharmacological treatment; a
discharge diagnosis of diabetes from a
health care facility stay; or death certif-
icate. Periodontitis status was specified
in six categories for dentate participants
using the Periodontal Index, with the
referent group specified as periodontally
healthy and the remaining five categories
designated as quintiles of increasing
periodontitis severity. A seventh group
consisted of the 2,128 edentulous
participants.

After a mean follow-up of 17 (range
1-22) years, the adjusted odds ratios
for incident diabetes in the two quintiles
of less severe periodontitis were similar
to the referent group. The remaining
three quintiles of increasingly greater
periodontitis severity experienced about
twice the risk of incident diabetes, with
an odds ratio of 2.26 (95% Cl 1.56-3.27)
in the third most severe quintile with
the fourth and fifth quintiles not being

statistically different from the third
quintile. The edentulous group had 30%
greater odds of developing diabetes
than the periodontally healthy group (OR
1.30, 95% CI 1.00-1.70), and dentate
participants with advanced tooth loss
had 70% greater odds (p<0.05) of inci-
dent diabetes than those with minimal
tooth loss (79). The authors concluded
that baseline periodontitis independently
predicted incident diabetes over almost
two decades of follow-up after adjusting
for important covariates.

Non-U.S. Non-Population-Based
Studies

Two longitudinal studies were conducted
in Japan. A 5-year follow-up study of
employed adults age 30—69 years found
participants with more severe periodon-
titis at baseline to have a significant
3.5-fold greater risk of having Alc =6.5%
(cutpoint for diagnosing diabetes) than
those who were periodontally healthy at
baseline, after adjusting for other covari-
ates (80). The other study conducted
periodontal examinations at baseline in
employees age 30-59 years. After on
average 7 years of follow-up, diabetes-free
females with moderate periodontitis

at baseline had an adjusted significant
2.3-fold greater risk for developing
diabetes than their periodontally healthy
counterparts (81).

GESTATIONAL DIABETES

Pregnant women with periodontitis seem
to have a significantly elevated risk for
developing gestational diabetes compared
to those with healthy periodontal tissues.
Based on 44 reports on 10 studies
involving 5,724 participants, including
624 gestational diabetes cases, a 2016
systematic review and meta-analysis
calculated that women with periodontitis
had a significantly increased risk for
gestational diabetes of 66% (OR 1.66,
95% Cl 1.17-2.36, p<0.05) (82). When
the meta-analysis was restricted to
case-control studies of high quality with
1,176 participants, including 380 cases
with periodontitis, the odds ratio for
gestational diabetes in periodontitis cases
was increased by 85% (OR 1.85, 95% Cl
1.03-3.32). A meta-analysis of studies



adjusting for potential confounders
calculated a twofold higher risk for
gestational diabetes among pregnant
women with periodontitis (OR 2.08, 95%
Cl 1.21-3.58) compared to those without
periodontitis.

A total of 39 women (19 with a history
of gestational diabetes, plus 20 without)
from a previous study conducted in
Louisiana (83) were followed for 22
months postpartum. Women with
periodontitis showed greater insulin
resistance and lower beta cell func-
tion compared to participants without
periodontitis (84). Participants with
both a history of gestational diabetes
and current periodontitis had the most
impaired glucose metabolism with the
insulin secretion-sensitivity index being
significantly lower compared to women
with neither past gestational diabetes
nor periodontitis, namely 208.20(SE:

+2.60) versus 742.93(SE: £1.78) (p<0.05).

Hence, periodontitis may contribute to
impaired glucose metabolism and future
risk of developing overt diabetes.

In another U.S. study in 265 predom-
inantly Hispanic (83%) women in

New York, high vaginal levels of

the periodontal bacteria Tannerella
forsythia were significantly associated
(p=0.01) with gestational diabetes when
comparing the 22 gestational diabetes
cases (8.3%) to women without gesta-
tional diabetes (85). The prevalence

of PPD =3 mm was greater in women
with gestational diabetes (50.0%) than
in women without gestational diabetes
(37.3%), but this difference did not reach
statistical significance (p=0.38).

DIABETES COMPLICATIONS IN
PERSONS WITH PERIODONTITIS
People with types 1 or 2 diabetes

who have periodontitis, especially
severe periodontitis, or are edentulous
have higher risk for diabetes-related
complications than those with no/mild
periodontitis (27,86). Several studies
have reported a dose-response effect
between severity of periodontitis and risk
for diabetes complications.

Cross-sectional Studies

A 2015 review that applied systematic
literature review searches identified a gap
in the body of evidence from U.S. studies
regarding links between oral health and
diabetic neuropathy (87). Only two studies,
conducted in India (88) and Iran (89),
were identified and reported significant
associations in type 2 diabetes between
periodontitis and neuropathy (88) and
retinopathy (89), respectively.

National Health and Nutrition
Examination Survey lll

In the NHANES 1988-1994, participants
with gingival bleeding upon periodontal
probing at =5 sites had a significantly
increased risk (OR 1.57, 95% Cl 1.26-1.94)
of also having retinal hemorrhaging; 51% of
the association was explained by Alc level
(90). This finding illustrates the association
of each of the two diseases with blood
glucose concentrations, the possibility
that simultaneous presence of gingivitis
and retinal hemorrhaging support the
hypothesis of microvascular injury in
hyperglycemia, and that even gingi-
vitis—in addition to more severe chronic
periodontitis—can be a marker for such
injury in elevated blood glucose levels.

Using data from the same NHANES also
demonstrated an association between
periodontal disease and age-related
macular degeneration among 8,208
adults age =40 years with retinal photo-
graphs (91). With overall prevalence of
52.3% for periodontitis and 11.5% for
macular degeneration, periodontitis was
independently associated with twice

the risk (OR 1.96, 95% Cl 1.22-3.14) for
age-related macular degeneration for
participants age <60 years, but not for the
older group (age >60 years).

The Atherosclerosis Risk in
Communities Study

Retinal vascular diameters measured
among 457 study participants age =52
years from the Atherosclerosis Risk in
Communities (ARIC) study showed a
significant association between periodon-
titis defined by the CDC/AAP criteria (19)
and the central retinal venular diameter in
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participants with type 2 diabetes, but not
in diabetes-free participants (92).

Dental Atherosclerosis Risk in
Communities Study

Periodontitis seems to increase the

risk for subclinical atherosclerotic heart
disease and coronary heart disease (CHD)
in people with diabetes, as observed
among 6,048 participants age 52-74
years in the Dental Atherosclerosis Risk in
Communities (DARIC) study (93). Those
with both diabetes and severe periodon-
titis had more than double the risk for
increased carotid artery intimal-medial
wall thickness (IMT >1 mm) (OR 2.2,

95% Cl 1.4-3.5), atherosclerotic plaque
calcification (acoustic shadowing) (OR 2.5,
95% Cl 1.3—4.6), and CHD (OR 2.6, 95% ClI
1.6—4.2) compared to those with neither
diabetes nor periodontitis. For comparison,
in those with diabetes but no periodon-
titis, the odds ratio for IMT >1 mm was

1.3 (95% CI 0.8-2.9), for atherosclerotic
plaque calcification 0.9 (95% Cl 0.5-1.8),
and for CHD 1.4 (95% CI 0.9-2.4); none

of the odds ratios were statistically signif-
icant. In those without diabetes but with
severe periodontitis, the corresponding
odds ratios were 1.2 (95% Cl 0.9-1.6), 1.2
(95% C1 0.8-1.7), and 1.1 (95% CI 0.8-1.6),
respectively; again, none of the odds ratios
were statistically significant. All odds ratio
calculations were adjusted for age, sex,
race/field center, BMI, smoking, income,
education, HDL and low density lipopro-
tein (LDL) cholesterol, hypertension, and
triglycerides (93).

Longitudinal Studies

Pima Indians With Type 2 Diabetes
Studies among the Pima Indians and
closely related Tohono O’okham (Papago)
Indian residents of a geographically
defined part of the Gila River Indian
Community in southern Arizona have
made major contributions to the body of
evidence regarding relationships between
type 2 diabetes and periodontitis in the
United States. The Pima Indians have one
of the world’s highest reported prevalence
of type 2 diabetes (94). Between 1983
and 1990, a total of 3,219 Pima Indians
age =b years received periodic dental
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examinations that included a panoramic
radiograph of the entire dentition, a clin-
ical periodontal probing examination, and
a tooth count.

After a median follow-up of 11 (range
0.3-16) years, the age- and sex-adjusted
death rates from all natural causes,
expressed as the number of deaths per
1,000 person-years of follow-up, were: 3.7
(95% CI 0.7-6.6) for no/mild periodontitis;
19.6 (95% CI 10.7-28.5) for moderate
periodontitis; and 28.4 (95% Cl 22.3-34.6)
for severe periodontitis (95). Periodontitis
significantly predicted death from
ischemic heart disease (p,...=0.04) and
diabetic nephropathy (p..,.<0.01). Those
with severe periodontitis had 3.2 times
greater risk (95% Cl 1.1-9.3) of cardio-
renal mortality (ischemic heart disease
and diabetic nephropathy combined)
than those with no, mild, or moderate
periodontitis combined (95). Similarly,
during up to 22 years of follow-up,
incidence of macroalbuminuria was 2.0,
2.1, and 2.6 times higher in participants
who had moderate periodontitis, severe
periodontitis, or were edentulous, respec-
tively, compared to those with no/mild
periodontitis (p=0.01) (96). Comparing
the same groups, incidence of end-stage
renal disease was 2.3, 3.5, and 4.9 times
higher (p=0.02), respectively. Hence,
moderate and severe periodontitis, as well
as edentulousness, significantly predicted
both macroalbuminuria and end-stage
renal disease among Pima Indians in a
dose-dependent manner.

Non-U.S. Longitudinal Studies

A multinational, 5-year follow-up study
among participants with type 2 diabetes
reported significant associations between
tooth loss and cardiovascular disease,
cerebrovascular events, and cardiovas-
cular disease mortality (97). A Japanese
prospective study of 73 eyes in 73

consecutive diabetes patients identified a
significant association between severity
of radiographically assessed periodon-
titis and the risk of proliferative diabetic
retinopathy (98). Similarly, the level of
the inflammatory marker interleukin-6
(IL-6) in the vitreous fluid was significantly
correlated with the severity of periodon-
titis. In a case-control study among
Swedish adults with type 1 diabetes
followed for 6 years, severe periodontitis

was associated with renal disease (protein-

uria) and cardiovascular complications
(stroke, transient ischemic attacks, angina,
myocardial infarct, and intermittent
claudication) (99).

Systematic Reviews and
Meta-analyses

A major complication of diabetes is
atherosclerotic cardiovascular disease;
and a meta-analysis that pooled 17
case-controls studies involving 3,456
myocardial infarction patients and 3,875
control subjects also reported a signifi-
cant association with periodontitis (100).
Compared to the control group, cases
had a significant 2.5-fold higher risk for
periodontitis (OR 2.53, 95% Cl 1.93-3.32)
and a fourfold higher risk for missing teeth
(OR4.12, 95% CI 2.01-6.23).

In addition, two 2016 systematic reviews
and meta-analyses concluded that
periodontitis might be associated with a
twofold to threefold greater risk for erectile
dysfunction (101,102). However, the former
was based on only four case-control
studies involving 213,006 participants (OR
2.28, 95% Cl 1.50-3.48) and the latter also
on four studies, involving 38,111 cases

and 174,807 controls (OR 3.07, 95% ClI
1.87-5.05). Both reports call for future
high-quality longitudinal studies. The under-
lying mechanism is thought to be mainly
inflammatory reactions involved in chronic
inflammation.

DIABETES: EFFECT ON PERIODONTITIS

PERIAPICAL PERIODONTITIS:
EFFECT ON DIABETES

A case report illustrates the need for
diagnosing and treating infections, such
as periapical periodontitis, as part of
diabetes management: a diabetes patient
suddenly experienced decreased insulin
sensitivity and required increasing insulin
doses over a period of 3 weeks of exacer-
bation of periapical infection. However,
only 1 day after endodontic treatment
(i.e., “root canal”) that stopped the outflow
of infectious agents, the insulin demand
dropped about 50% to the patient’s usual
insulin dosage (103).

In addition, a systematic review concluded
that apical periodontitis is associated with
elevated levels of systemic inflammation
biomarkers, such as CRP, interleukins,
IgA, and IgG, that are not confined to the
local lesion (104). For example, a Finnish
study found elevated serum levels of the
subgingival bacterium Porphyromonas
endodontalis and its corresponding serum
IgG and lipopolysaccharides in patients
undergoing angiography, especially in
those with untreated endodontic lesions
(105).

PERI-IMPLANT DISEASES: EFFECT
ON DIABETES

Since dental implants have become
more common only in this century, the
literature does not yet provide any
evidence regarding any effect on blood
glucose levels or diabetes complications.
Nonetheless, because the pathologic
mechanisms are similar to those in
periodontal diseases, it is likely that
peri-implant diseases will cause systemic
effects similar to periodontal diseases,
including elevation of blood glucose levels
due to the inflammation.

Epidemiologic evidence of diabetes
being adversely associated with
periodontal health is derived from
abundant cross-sectional and longitu-
dinal studies over decades, including
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several population-based studies. Usually,
“diabetes” is described as a risk factor

for periodontitis despite early studies by
Harrison and Bowen in 1983 (106), Genco
in 1996 (107), and Kinane and Chestnutt

in 1997 (108) that stated that especially
poorly controlled diabetes affected
periodontal health. Nonetheless, only
from about 2010 do studies report that
it is the level of hyperglycemia, oftenin a



dose-response manner, that is important,
not the mere diagnosis of diabetes (28).
Microbiologic research illustrating the
role of hyperglycemia severity is briefly
mentioned in the Mechanisms section.

OVERT DIABETES

Cross-sectional Studies

U.S. Population-Based Studies
National Health and Nutrition
Examination Surveys

A study of data from NHANES IlI

explored the association of diabetes,
glycemic control, and periodontitis in
4,343 adults age 45—90 years who
underwent a dental examination, of

whom 502 (11.6%) had type 2 diabetes
defined by FPG >126 mg/dL. Poorly
controlled diabetes was defined as Alc
>9% and better-controlled as Alc <9%.
Severe periodontitis was defined as =2
sites with =6 mm CAL with =5 mm PPD

at =1 at these sites. Participants with
poorly controlled type 2 diabetes had a
significant threefold higher odds of severe
periodontitis (OR 2.90, 95% Cl 1.40—6.04),
and those with better glycemic control had
a nonsignificant tendency toward greater
odds of severe periodontitis (OR 1.56,

95% Cl 0.90-2.68) compared to those
without diabetes, after controlling for other
risk indicators (109).

A new analyses of NHANES 2009-2012
data conducted for Diabetes in America
from 3,575 dentate U.S. adults age

=30 years investigated the age-adjusted
(except age groups) association between
presence of diabetes, prediabetes, and
degree of glycemic control using an Alc
cutpoint of 7% (designated as exposures)
and prevalence of moderate/severe
periodontitis, using CDC/AAP case defini-
tions (18) designated as outcome (Table
31.3). Results show a dose-response
increase in periodontitis prevalence from
normoglycemic through prediabetes to
diabetes with good control (Alc <7%), and
finally to diabetes with poorer glycemic
control (Alc >7.0%).

As displayed in Table 31.3, the majority
of the comparisons of the prevalence of
moderate/severe periodontitis among
individuals with either prediabetes or

diabetes are statistically significantly
greater than for those with normal glucose
levels. Notably, the prevalence of moderate/
severe periodontitis in every subgroup with
poorly controlled diabetes defined as Alc
>7% is statistically significantly greater than
in the normoglycemic group, whereas this
is the case in only some of the subgroups
with well-controlled diabetes (Alc <7%) or
prediabetes (Alc 5.7%—6.4%). This pattern
of diabetes status-related gradients of
prevalence of moderate/severe periodon-
titis when stratified by selected covariates
is illustrated in Figures 31.6 and 31.7 and
suggests that better blood glucose control
may mitigate periodontitis.

Another report also used data from the
NHANES 2009-2012 and applied the CDC/
AAP periodontitis case definitions (18), but
from 7,042 U.S. adults age 30—80 years
(110). Diabetes status was determined by
the participants’ self-report of being told by
a health professional that they had diabetes.
Self-reported diabetes was not associated
with periodontitis prevalence. However, Alc
as a linear predictor was significantly associ-
ated with 14% increased odds of having
periodontitis for each unit increase in Alc.
Importantly, when participants were classi-
fied by degree of glycemic control, each of
the Alc categories defining poorer glycemic
control in separate models were associated
with significantly greater odds of having
periodontitis compared to those without
diabetes after adjusting for other important
covariates. The statistically significant odd
ratios for having periodontitis increased
linearly from 1.33 to 2.22 with increasing
Alc cutpoints of 7.0%, 7.5% (58 mmol/mol),
8.0%, 8.5% (69 mmol/moal), and 9.0%.

Studies in the Gila River Indian
Community (1990-1991)

One cross-sectional analysis reported that
the prevalence and severity of periodontitis
(assessed by the frequency distributions
of median CAL or radiographic bone loss)
among 2,878 Pima Indians were signifi-
cantly greater in each of three age groups
(5—24, 25—44, and =45 years) for partici-
pants with diabetes than in those without
diabetes (111). The investigators also
observed an earlier onset of alveolar bone
loss in those with diabetes.

Oral Health and Diabetes

U.S. Non-Population-Based Studies
Type 2 Diabetes in Adults

Another cross-sectional study investigated
the association of diabetes (as the expo-
sure) and the prevalence of advanced
periodontitis (defined as the outcome) in
2,273 participants age =15 years (595
with diabetes and 1,553 without) (112).
Advanced periodontitis was defined

as having <24 teeth present, at least 6
teeth with =25% bone loss, or having any
tooth with =50% bone loss. The age- and
sex-adjusted prevalence of advanced
periodontitis was significantly higher in
participants with diabetes (60%, 95% ClI
55%—65%) compared to those without
diabetes (36%, 95% Cl 34%—38%).

A third cross-sectional study of data from
1,342 participants age =15 years (254 with
diabetes and 1,088 diabetes-free) found
that participants with diabetes had an
approximately threefold greater adjusted
odd ratios for destructive periodontitis (OR
2.81, 95% Cl 1.91-4.13, using CAL; and OR
3.43, 95% Cl 2.28-5.16, using radiographic
bone loss) (94).

Type 1 Diabetes in Adults
Population-based investigation of the
association of type 1 diabetes and
periodontitis in U.S. adults is limited:;

as mentioned, NHANES data do not
permit distinction between various

types of diabetes. A unique study of 320
predominantly non-Hispanic white (98%)
adults (mean age 32.1 years) with type

1 diabetes (median duration 24.0 years)
was conducted among participants of the
University of Pittsburgh Epidemiology

of Diabetes Complications (EDC) study,
who were selected from the Children’s
Hospital of Pittsburgh registry and had
been demonstrated to be representative
of the residents in Allegheny County with
type 1 diabetes. Participants were cate-
gorized by having CAL =4 mm in =10%

of sites probed as extensive periodontitis
(designated as outcome) (113). Extensive
periodontitis was more likely in those
with longer diabetes duration (OR 3.4 in
those with diabetes for >8.5 years). There
was a nonsignificant trend toward greater
prevalence of extensive periodontitis in
participants with poor glycemic control
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TABLE 31.3. Crude and Age-Standardized Prevalence of Moderate/Severe Periodontitis in Adults Age =30 Years, by Diabetes and Glycemic
Control Status, and Other Characteristics, U.S., 2009-2012

PERCENT (STANDARD ERROR)

Diabetes Normal
All Alc>7% Alc <7% Prediabetes Glucose Levels
CHARACTERISTICS SAMPLE SIZE n=1,274 n=495 n=744 n=1,190 n=1,111
All
Crude 3,575 57.5 (2.7)* 61.0 (3.2)* 55.9 (3.1) 47.0 (2.3)* 27.5(1.9)
Age-standardizedt 3,575 52.4 (2.9) 59.8 (3.4) 48.1 (3.0 46.6 (2.2)* 35.2(2.1)
Age (years)
30-44 1,113 36.7 (6.1)* 54.0 (6.8)* 25.8 (5.9) 31.2 (3.0 16.2 (1.5)
45-64 1,597 53.4(3.8)* 57.0 (4.2)* 51.9 4.7)* 52.5 (3.0)* 36.6 (3.1)
=65 865 729 (3.1)* 73.8 (4.9)* 72.7 (3.3 57.1(4.8) 59.7 (5.2)
>75% 331 76.9 (4.4) 74.9 (8.9) 78.0 (4.8) 67.1 (5.5) 65.7 (8.3)
Sex
Men 1,799 62.3(3.6)* 69.5 (3.9)* 56.5 (4.6)* 54.2 (2.4)* 445 (3.4)
Women 1,776 42.3 (3.1 46.3 (4.8)* 40.5 (3.3 37.4 (2.5)* 27.8(2.7)
Race/ethnicity
Non-Hispanic white 1,461 431 (3.9)* 51.9 (6.1)* 40.6 (3.8) 42.7 (3.0)* 30.7 (2.6)
Non-Hispanic black 773 57.5(3.2) 63.0 (4.8)* 53.4(4.4) 56.4 (3.3) 48.0 (5.0
All Hispanic 970 65.5 (3.2)* 72.3(3.3)* 60.7 (4.0) 55.1(3.1) 52.2 (3.4)
Mexican American 563 73.1 (6.0)* 79.0 (6.7) 69.2 (5.0) 58.7 (3.0) 56.4 (5.2)
Smoking status
Never smoker 2,008 441 (2.4)* 48.5 (3.5)* 41.8 (2.7)* 36.5(2.2)* 29.0(1.7)
Former smoker 932 54.0 (5.8)* 63.9 (6.1)* 51.2 (6.8) 46.7 (3.7)* 38.0 (4.4)
Current smoker 633 80.3 (4.6) 89.2 (3.9) 69.8 (6.7) 75.1 (2.7)* 62.9 (3.0)
Education
<High school 963 66.7 (4.0) 744 (4.7)* 60.7 (5.2) 65.5 (3.4) 55.5 (3.5)
High school 762 58.8 (5.7)* 64.8 (7.2)* 54.5 (7.5) 55.4 (5.2)* 43.0(4.1)
>High school 1,843 43.0 (3.9) 499 (6.4) 40.3 (3.7) 35.8 (2.3)* 30.1(2.8)
Body mass index (kg/m?)
<25 849 52.4 (7.8) 72.6 (6.8)* 36.3(7.1) 48.6 (4.1)* 37.9(3.1)
25-30 1,202 54.6 (4.1) 67.0 (6.9)* 48.0 (4.3) 46.5 (3.2)* 37.9(3.5)
=30 1,504 50.9 (3.2)* 55.2 (4.3)* 487 (3.2) 46.1 (2.6)* 28.2(3.9)
Poverty income ratio
First tertile (0-2.1) 1,621 60.6 (4.0)* 65.6 (5.3)* 57.4 (4.4)* 60.2 (2.6)* 46.7 (3.3)
Second tertile (2.2—4.5) 926 49.9 (3.9 53.1(5.9)* 48.0 (4.4)* 44.0 (4.5)* 34.2(4.1)
Third tertile (=4.6) 706 40.1(7.6) 56.7 (11.0)* 27.1(3.5) 32.6(4.2) 28.3(2.8)
Cotinine (serum; ng/mL)
<0.05 2,069 46.1 (3.5)* 48.1 (4.0)* 45.2 (4.1)* 34.6 (2.1) 29.9(2.3)
0.05-<3.0 667 499 (4.4) 60.7 (9.0)* 44.4 (4.6) 50.2 (3.9)* 379(4.4)
=3.0 771 73.4 (4.3)* 81.9 (3.8) 63.5(6.3) 71.9 (2.5)* 53.2 (5.0)

Periodontitis is defined using the Centers for Disease Control and Prevention/American Academy of Periodontology criteria (Reference 18). Diabetes is defined by self-report

of previously being diagnosed by a physician or by Alc =6.5% or FPG =126 mg/dL or 2-hour plasma glucose =200 mg/dL. Prediabetes is defined as self-report of no previous
diabetes diagnosis and Alc 5.7%—6.4% or FPG 100-125 mg/dL or 2-hour plasma glucose 140-199 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100 mg/dL,
and 2-hour plasma glucose <140 mg/dL. The analyses exclude pregnant females, those missing periodontal disease status data, and those not defined by the research definition
of diabetes. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.

* p=0.05 compared to persons with normal glucose levels

T Data (except for the age groups) are age-standardized to the National Health Interview Survey 2012 population using age groups 30—44, 45—-64, and =65 years.

F Also included in the age group =65 years.

SOURCE: National Health and Nutrition Examination Surveys 2009-2012

(12.4% at Alc >10.1% [>87 mmol/mol] vs. (designated as exposure) and poorer diabetes (93% type 1 diabetes) and
6.4% at Alc <10.1%). periodontal health in children and 350 were controls without diabetes
adolescents in the United States (114,118,119,120,121). The children and
Type 1 Diabetes in Children and compared to their peers without diabetes adolescents with type 1 diabetes had
Adolescents (106,114,115,116,117,118,119). An significantly greater plaque accumulation
Several cross-sectional studies have extensively studied group in New York and poorer periodontal health (both
reported a statistically significant consisted of children and adolescents gingivitis and periodontitis). Importantly,
association between type 1 diabetes age 6-18 years of whom 350 had periodontal tissue destruction was
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FIGURE 31.6. Prevalence of Moderate/Severe Periodontitis Among Dentate Adults Age =30 Years, by Diabetes Status and Age, Sex,
Race/Ethnicity, and Smoking Status, U.S., 2009-2012

m Diabetes

Prediabetes m Normal glucose levels u Di
A. Age (years) g B. Sex Diabetes
100 — 100 —
90 - 90 |-
80 80 -

Prevalence (%)
[ N w £ o (=2
o o o o o o

o

All 30-44

C. Race/ethnicity

100 — 100 —
90 - 90 |-
80 80
70 70
) =
< 60 % 60
g =
3 50 S 50
[ 3
a 40 o 40
30 30
20 20
10 10
A T T ) 0
Non-Hispanic Non-Hispanic All Hispanic Mexican Never Smoker
White Black American

45-64

Prevalence (%)

>65 All

D. Smoking status

Prediabetes

= Normal glucose levels

Men Women

Former Smoker

Current Smoker

Periodontitis is defined using the Centers for Disease Control and Prevention/American Academy of Periodontology criteria (Reference 18). Diabetes is defined by self-report
of previously being diagnosed by a physician or by Alc =6.5% or FPG =126 mg/dL or 2-hour plasma glucose =200 mg/dL. Prediabetes is defined as self-report of no previous
diabetes diagnosis and Alc 5.7%—6.4% or FPG 100—125 mg/dL or 2-hour plasma glucose 140-199 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100 mg/dL,
and 2-hour plasma glucose <140 mg/dL. Data in panel A are crude estimates. Data in panels B, C, and D are age-standardized to the National Health Interview Survey 2012
population using age groups 30—44, 45—-64, and =65 years. Error bars represent 95% confidence intervals. Conversions for Alc and glucose values are provided in Diabetes in
America Appendix 1 Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.

* p=0.05 compared to persons with normal glucose levels

SOURCE: National Health and Nutrition Examination Surveys 2009-2012. See Table 31.3.

shown to start much earlier in life than

known previously, as early as age 6 years.

Gingival bleeding was not related to the
amount of dental plaque, however, as
children with diabetes exhibited stronger
inflammatory responses to the same
amount of dental plaque and subgingival
bacterial challenge than normoglycemic
children. This observation suggests that
an adverse, diabetes-related modification
of the host’s biologic response to dental
biofilm accelerates periodontal break-
down (118,122). Furthermore, gingival
bleeding at primary teeth was directly
associated with bleeding at permanent
teeth, indicating that gingival bleeding

in primary teeth could predict future

risk of periodontitis in children with

diabetes. Finally, the mean Alc level over
the 2-year period prior to a participant’s
inclusion in the study was significantly
associated with presence of periodon-
titis, suggesting that poorer metabolic
control is associated with greater odds of
periodontitis in children and adolescents.

Non-U.S. Non-Population-Based Studies
Diabetes Complications in Adults With
Type 2 Diabetes

Although the reason for the effect most
likely is hyperglycemia, some studies
conclude that diabetes complications

may affect periodontal health status. For
example, a Brazilian study of 122 patients
with type 2 diabetes (mean+standard
deviation [SD] Alc 9.3+£2.2%, range

4.0%-14.7% [20-137 mmol/mol])
reported that having neuropathic foot
ulcerations was significantly and inde-
pendently associated with moderate/
severe periodontitis and edentulism
compared to no/mild periodontitis (123).

Longitudinal Studies

U.S. Non-Population-Based Studies:
Type 2 Diabetes in Adults

Longitudinal studies observe individuals with
diabetes over time and allow assessment of
the extent to which diabetes increases the
risk for periodontitis incidence (new develop-
ment), severity, and progression. Evidence
from longitudinal cohort studies supports
greater risk for incident periodontitis or
progression of periodontitis in people with
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FIGURE 31.7. Prevalence of Moderate/Severe Periodontitis Among Dentate Adults Age =30 Years With Diabetes With Poor (Alc >7%) and
Good (Alc <7%) Glycemic Control Compared to Normal Glucose Levels, by Age, Sex, Race/Ethnicity, and Smoking Status, U.S., 2009-2012
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Periodontitis is defined using the Centers for Disease Control and Prevention/American Academy of Periodontology criteria (Reference 18). Alc values are reported among
individuals with diagnosed or undiagnosed diabetes. Diagnosed diabetes is self-reported. Undiagnosed diabetes is defined as Alc =6.5% or FPG =126 mg/dL or 2-hour plasma
glucose =200 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100 mg/dL, and 2-hour plasma glucose <140 mg/dL. Data in panel A are crude estimates. Data in
panels B, C, and D are age-standardized to the National Health Interview Survey 2012 population using age groups 30—44, 45—-64, and =65 years. Error bars represent 95% confi-
dence intervals. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.

* p=0.05 compared to persons with normal glucose levels

SOURCE: National Health and Nutrition Examination Surveys 2009-2012. See Table 31.3.

existing type 2 diabetes, especially in poorly
controlled diabetes, than among people
without type 2 diabetes.

Studies in the Gila River Indian
Community (1990-1991)

Three different papers report results of
analyses of longitudinal data collected
among residents of the Gila River Indian
Community to assess the association
between type 2 diabetes and risk for
periodontitis incidence or progression,
using radiographic bone loss as the
outcome (112,124,125). The first report
investigated the incidence of advanced
periodontitis in 701 participants age
15-54 years with =23 teeth without
advanced periodontitis at baseline over
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a mean of 2.6 years. The estimated
adjusted incidence rate of advanced
periodontitis for people with diabetes
was 2.6 (95% Cl 1.0—6.6) times greater
than for those without diabetes, despite
including participants with IGT in the
diabetes-free category (112).

The second report investigated the
severity of radiographic alveolar bone loss
progression over 2 years in 362 partici-
pants, age 1557 years, with and without
type 2 diabetes. The majority (n=338) had
<25% bone loss for all teeth at baseline
and did not develop diabetes or lose any
teeth during the study. The remaining 24
participants had type 2 diabetes and had
a fourfold adjusted greater risk of more

severe alveolar bone loss progression (OR
4.23,95% Cl 1.80-9.92) (124).

The third analysis included 359 subjects
age 15-57 years with <25% radio-
graphic bone loss at any tooth at baseline;
338 did not have diabetes, 14 had
diabetes with better glycemic control

(Alc <9%), and 7 had diabetes with poor
control (Alc >9%) (125). Those with poorly
controlled diabetes had an 11.4-fold (95%
Cl 2.5-53.3) greater risk for alveolar bone
loss and more severe bone loss progres-
sion than those without diabetes. A
dose-response gradient was observed as
those with poor glycemic control also had
5.3-fold (95% Cl 0.8-53.3) greater risk
than those with better control, who again



had a twofold greater risk than those
without diabetes (95% Cl 0.7-6.5).

Taken together, the results of these three
studies in the Pima Indians suggest that
poorer glycemic control leads to both
greater risk for alveolar bone loss and
more severe progression of periodontitis;
in addition, there may be a gradient of risk,
determined by degree of glycemic control.

Sea Island Gullah African Americans
A study of another homogeneous
population, the Sea Island Gullah African
Americans of coastal South Carolina and
Georgia, another population with high
genetic risk for type 2 diabetes, investi-
gated progression of periodontitis by
glycemic control status in 88 participants
age 34-77 years over a mean of 3 years
(126). Baseline glycemic control status
was specified as better control (Alc <7.0%,
n=28) and poorer control (Alc =7.0%,
n=60). Progression of periodontitis was
defined as the proportion of tooth sites
with =2 mm of PPD or CAL. The odds of
PPD and CAL progression were signifi-
cantly greater for participants with poorer
control. Moreover, this association was
modified by baseline severity of PPD with
deeper PPD predicting greater progres-
sion for both PPD and CAL.

Health Professionals Follow-Up Study
The Health Professionals Follow-Up
Study (HPFS) enrolled 51,529 U.S. male
health professionals age 40—75 years
using a mailed questionnaire in 1986 and
biennially followed participants by mailed
questionnaires until 2006 (127). Diabetes
status was determined by an affirmative
response to: “Any professional diagnosis
of diabetes mellitus?” Periodontitis was
assessed by the question “Have you been
professionally diagnosed with periodon-
titis with bone loss?” At baseline, 35,247
dentate men had not been diagnosed with
periodontitis and 32,962 (94%) were free
of diabetes, whereas 2,285 (6%) had type
2 diabetes. The adjusted risk for devel-
oping periodontitis over 20 years was 29%
greater in men with type 2 diabetes than
their diabetes-free counterparts (hazard
ratio [HR] 1.29, 95% CI 1.13-1.47).

Interestingly, this association between
type 2 diabetes and periodontitis varied
by level of fruit and vegetable intake. Men
with diabetes whose fruit and vegetable
intake was below the population median
had a 49% greater risk of periodontitis
compared to participants without diabetes
(HR 1.49, 95% CI 1.23-1.80). However,
there was no association between
diabetes and periodontitis among
participants with diabetes who had fruit
and vegetable consumption above the
population’s median.

Type 1 Diabetes in Children and
Adolescents

A systematic review of 26 case-control
studies concluded that there was greater
plague accumulation and poorer perio-
dontal health status in children age <16
years with type 1 diabetes compared to
those without diabetes, although three
longitudinal prospective studies also
reviewed did not report any significant
difference (128).

Non-U.S. Population-Based Studies
Types 1 and 2 Diabetes in Adults
There are no reports from longitudinal
studies of increased risk for development

of new or progression of existing periodon-

titis in U.S. adults with type 1 diabetes.
However, the German population-based
Study of Health in Pomerania (SHIP)
studied 2,626 dentate men and women
age 20-81 years and found that the level
of hyperglycemia had an adverse effect
on progression of periodontitis as seen in
poorly controlled (Alc >7.0%) participants
with either type 1 or type 2 diabetes (129).

THE METABOLIC SYNDROME

The American Diabetes Association defines
metabolic syndrome as having at least
three of the following five conditions:
abdominal obesity, high triglyceride levels,
low HDL cholesterol level, high blood pres-
sure, and high fasting blood glucose level.

U.S. Non-Population-Based Studies

A prospective study followed a cohort of
760 male U.S. veterans participating in
the Department of Veterans Affairs Dental
Longitudinal Study among a subset of
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participants in the Normative Aging Study
for up to 33 years (130). The metabolic
syndrome significantly increased the
hazard for periodontitis (PPD =5 mm)
progression (HR 1.37, 95% Cl 1.14-1.65).
Also, the impact on periodontitis
increased with the number of metabolic
conditions present. Hence, the authors
concluded that the metabolic syndrome
may affect the development and progres-
sion of periodontitis.

Another U.S. study examined 1,097

new patients at the College of Dental
Medicine at the University of Columbia
who were unaware of having diabetes or
prediabetes, and 591 received chairside
Alc testing (131). Based on the chairside
Alc testing, those with newly diagnosed
potential prediabetes had periodontitis
to a degree between those with potential
diabetes and those without diabetes
(132). These findings may be used by
medical and dental practitioners as early
signs of (undiagnosed) hyperglycemia
(133,134).

Non-U.S. Large Studies

Elegantly designed large Japanese longi-
tudinal studies have provided evidence
for the two-way causal effects of the
metabolic syndrome and periodontitis
(80,135). Two parallel studies were
reported together. Among 5,856 men
and women without periodontitis at base-
line and another group of 6,125 with Alc
<6.5% at baseline, the risk of developing
periodontal disease was associated with
Alc levels, and the risk of elevations of
Alc concentration was associated with
developing periodontal pockets (=4 mm)
after 5 years (80). Another study among
1,023 adult employees (727 males and
296 females; mean age 37.3 years)
demonstrated that over 4 years, the risk
for a positive conversion to having one
metabolic component was 40% (OR 1.4,
95% Cl 1.0—2.1) and the risk for having
=2 components was more than twice as
high (OR 2.2, 95% Cl 1.1-4.1) among
those with periodontitis at baseline
compared to those without periodontitis
at baseline (135).
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PREDIABETES

Non-U.S. Non-Population-Based
Studies

Other Japanese longitudinal studies have
provided evidence for the effect of predi-
abetes leading to more severe clinically
assessed periodontitis in community
dwellers of both sexes (39), among
women with clinically assessed periodon-
titis (136), and radiographically diagnosed
periodontitis in men (137).

Even prediabetic FPG concentrations of
100-125 mg/dL were found to be signifi-
cantly associated with alveolar bone loss
in 815 healthy Israeli men (mean age 38.1
years) (138).

GESTATIONAL DIABETES

A systematic review identified 190
studies exploring associations between
gestational diabetes and periodontitis,

of which eight were eligible for inclusion,
including five cross-sectional and three
case-control studies (139). Significant
associations between periodontitis and
gestational diabetes were calculated by
meta-analyses of four cross-sectional
studies (OR 1.67, 95% Cl 1.20-2.32) and
two case-control studies (OR 2.66, 95% CI
1.52—-4.65). However, the studies were
deemed too heterogeneous in their meth-
odological, clinical, and statistical design
and execution to be conclusive.

Cross-sectional Studies

U.S. Population-Based Studies
National Health and Nutrition
Examination Survey Il

The cross-sectional association of
gestational diabetes (the exposure) with
periodontitis prevalence was explored
among 4,344 women age 20-59 years
who participated in the NHANES IlI (140).
There were 113 women who reported a
history of gestational diabetes and 174
women who had current diabetes based
on their self-report or by having FPG
=126 mg/dL. Periodontitis was defined as
having =1 tooth with =1 site with PPD =4
mm, CAL =2 mm, and BOP. Women with
a history of gestational diabetes had a
significant adjusted eightfold greater odds
of periodontitis compared to women with
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a history of pregnancy without gestational
diabetes or overt diabetes.

Another analysis of the NHANES |l data
used a different approach to explore the
relationship of gestational diabetes and
periodontitis. The investigators studied
4,490 women of childbearing age (15—-44
years), of whom 256 were pregnant and
4,234 were not (141). Based on self-report,
the participants were further classified
into those with gestational diabetes and
pregnant (n=11), history of gestational
diabetes only during a previous pregnancy
(n=70), current type 1 or 2 diabetes (n=70),
or no diabetes (n=4,339). Periodontitis
was defined as having =1 tooth with =1
site with PPD =4 mm or with CAL =24 mm.
Women who were pregnant with gesta-
tional diabetes at the time of the NHANES
[l examination had a significant adjusted
ninefold greater odds of having periodon-
titis than those who were pregnant without
gestational diabetes.

National Health and Nutrition
Examination Surveys 2009-2012
Women who were pregnant were ineligible
for periodontal probing per NHANES
2009-2012 protocol. So we defined
gestational diabetes status by self-report
of having a history of diabetes first diag-
nosed during pregnancy or delivering

a baby weighing >9 pounds. Current
diabetes status was defined as either
self-report of having been told by a physi-
cian they had diabetes other than during
pregnancy or having Alc =6.5% or FPG
=126 mg/dL or 2-hour OGTT =200 mg/dL.

A total of 831 women reported having
been pregnant in the past. The 89 women
with current diabetes and with a history
of gestational diabetes had the highest
prevalence(+SD) of severe periodontitis
(12.6[+5.1]%). Almost 40% of the women
with past pregnancies without gestational
diabetes and either current prediabetes
(n=181; 38.4[+4.9]%) or overt diabetes
(n=118; 38.9[+7.9]%) had moderate/severe
periodontitis, whereas the prevalence
among the 281 normoglycemic women
with gestational diabetes-free past preg-
nancies was 18.8(+2.3)%, and among

90 counterparts with past gestational
diabetes, it was 14.9(+3.7)%.

The prevalence (+SD) of moderate/severe
periodontitis in women with prior gesta-
tional diabetes increased from 14.9(x3.7)%
in normoglycemia (n=90) to 29.1(+5.0)%
in prediabetes (n=72) to 35.2(x6.5)% in
overt diabetes (n=89). This evidence
supports the existence of a gradient of
increasing periodontitis prevalence by
increasing severity of diabetes status in a
dose-response manner.

U.S. Non-Population-Based Studies

A case-control study included 53 women
with gestational diabetes and 106 preg-
nant women without any diabetes who
were age 25—35 years (83). The primary
periodontitis case definition was that
which the investigators used with the
NHANES IlI data (141), where periodontitis
was defined a priori as the presence of
any site exhibiting PPD =4 mm or CAL =4
mm. Periodontitis prevalence was signifi-
cantly higher in the pregnant women with
gestational diabetes than in those without
gestational diabetes, 77.4% versus 57.5%,
respectively (OR 2.5, 95% CI 1.2-5.3).

DIABETES: EFFECT ON PERIAPICAL
PERIODONTITIS

Endodontic therapy (i.e., “root canal”
treatment) cleans the root canal by
removing soft tissue from inside the tooth
(the “nerve”) and subsequently filling it
with gutta-percha, an inert natural latex
material; the bone lesion is expected then
to heal in the absence of further leakage
of bacteria and their toxins from the root
canal. The healing of the inflamed and
often infected jaw bone around the apex
of the tooth (i.e., root tip) may especially
in hyperglycemic states be impaired

and can be delayed or remain a source

of chronic inflammation. When such

teeth are extracted, an improvement in
glycemic control is seen, although the
body of evidence for this situation is scant.
Radiographs are necessary to diagnose
such healing, but in the United States, it is
unethical to submit a population to radio-
graphic exposures of all teeth to search for



periapical lucencies in the alveolar bone to

study their epidemiology in the population.

Soft pulp tissue (the “nerve”) is located
inside the tooth, consists of blood vessels,
connective tissue, and nerves, and is
shown to be different in individuals with
diabetes compared to those without
diabetes (142). In addition, the hypergly-
cemia triggers loss of tooth support and

causes histologic changes inhibiting osteo-

blastic differentiation and also stimulating
bone resorption, which in turn enhances
the progression of periapical lesions (142).

As in chronic periodontitis that occurs

at the gingival margin toward the crown

of the tooth, periapical periodontitis
(around the root tip) represents a chronic
challenge with mostly anaerobic bacteria
and their toxins that elicit inflammatory
local responses that spread systemically.
A review concluded that in hyperglycemic
states, the prevalence of periapical lesions
is higher, the bone lesions are larger, the
likelihood of asymptomatic lesions is
greater, and the prognosis for healing

and survival of the tooth is lower than in
normoglycemic individuals (143). A study
specifically exploring periapical lesions

in type 2 diabetes compared with people
without diabetes found apical periodontitis
around =1 tooth in 81.3% of the former

versus 58% of the latter (OR 3.2, 95% Cl
1.1-9.4) (144). Using teeth as the unit, the
chance for teeth having apical periodon-
titis was almost double in those with
diabetes compared to those without (OR
1.8, 95% ClI 1.2—2.8) as 7% versus 4% of
teeth were affected.

A 2016 systematic review included seven
eligible studies reporting on 1,593 root-
filled teeth in 582 patients with diabetes
and 1,011 patients without diabetes (145).
The overall prevalence of radiolucent
periapical lesions was 36% in those with
diabetes versus 31% in those without.
The authors of the meta-analysis calcu-
lated that root-filled teeth in people with
diabetes had a significant 42% higher
risk of periapical lesions than among
those without diabetes (OR 1.42, 95% ClI
1.11-1.80).

DIABETES: EFFECT ON PERI-
IMPLANT DISEASES

Due to the relatively short history of
using osseointegrated dental implants to
replace missing teeth for functional and
esthetic reasons, it is premature to eval-
uate their use in diabetes/hyperglycemia,
which until recently was considered a
relative contraindication for placing such
implants. Lack of global case definitions
for the peri-implant diseases also hampers
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high-quality synthesis of the current
evidence.

Nonetheless, in a systematic review and
meta-analyses, the main question was
whether diabetes/hyperglycemia affects
the prevalence of the two peri-implant
diseases of peri-implant mucositis
(reversible) and peri-implantitis (irre-
versible). From 401 identified citations,
results from 13 studies were included

in the qualitative synthesis and 9 in

the meta-analyses. Even though the
evidence is fairly scant, a tendency
toward greater prevalence in hyper-
glycemic conditions was suggested

for both conditions in meta-analyses
that included studies applying the

same case definitions (146). In another
review, a dose response was identified
with the prevalence of peri-implantitis
increasing with poorer glycemic control,
as reported in the only two studies
reporting on glycemic control, which
involved 204 implants in 85 participants
with diabetes. However, due to scarce
evidence and poor similarity between
case definitions used, a meta-analysis
failed to show that more implants failed
in people with diabetes compared to
their normoglycemic peers (147).

RISK FACTORS FOR PERIODONTITIS AND DIABETES (HYPERGLYCEMIA)

The two-way association between diabetes/
hyperglycemia and periodontitis has been
well established for years (6), and hence,
these two conditions may be mutual risk
factors (or determinants or indicators)

for each other or share the same risks.
What is realized is that the two conditions
share many common risk factors. A large
body of evidence supports the role of risk
factors for periodontitis (14,148,149), and
several of these are also risk factors or
risk markers for diabetes (14,148). Two
extensive reviews described and catego-
rized these risk factors as “nonmodifiable”
and “modifiable.” The nonmodifiable risk
factors, that are not as unmodifiable as
formerly assumed, include age, sex, race/

ethnicity, socioeconomic status, genetic
polymorphism (inflammatory hypo- or
hyper-response, elevated susceptibility),
epigenetic, and other systemic conditions
(genetic, dermatological, hematological,
granulomatous, immunosuppressive, and
neoplastic disorders) (148,149), as summa-
rized in Figure 31.8 (148).

Modifiable risk factors include periodontal
bacteria, fungi, and virus in the dental
plaque; poor oral hygiene; cigarette
smoking; alcohol consumption; hypergly-
cemia (diabetes, prediabetes); obesity;
osteoporosis/dietary calcium/ vitamin D;
HIV/AIDS; psychosocial factors (stress,
anxiety, psychiatric conditions, such as

depression, and inadequate coping skills);
and diet/nutrition (14,149).

Of special interest is the identification
of risk indicators for periodontitis
(using the CDC/AAP periodontitis

case definitions) (18,19) based on the
NHANES 2009-2012 data that pointed
to cigarette smoking, especially current
smoking, as an important modifiable
risk for all levels of periodontitis
severity. Also, advanced age is an
important risk determinant, along with
being male and having uncontrolled
diabetes (150).
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FIGURE 31.8. “Nonmodifiable” Risk Factors for Chronic Periodontitis and Diabetes Mellitus
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SOURCE: Reference 148, copyright © 2016 Springer, reprinted with permission

MECHANISMS UNDERLYING THE BIDIRECTIONAL RELATIONSHIP BETWEEN PERIODONTITIS AND

DIABETES

While a detailed explanation of the
biologic, microbiologic, and inflammatory
processes underlying the relationship
between periodontal infection and
diabetes is outside the scope of this
chapter, a brief overview of some of the
mechanisms considered in this bidirec-
tional relationship follows.

The biologic plausibility of periodontitis
adversely affecting glucose regulation
and diabetes outcomes is based on
evidence that chronic systemic inflam-
mation is involved in the development of
insulin resistance and the pathogenesis
of diabetes and that chronic periodontal
infection contributes to systemic inflam-
mation, which in turn adversely affects
insulin sensitivity and increases glucose
dysregulation.

In the opposite direction, hyperglycemia
causes microvascular and macrovascular
changes and delayed wound healing.
Wound healing is necessary to help the
periodontal soft tissues regain homeo-
stasis upon responding to the chronic
injuries caused by the microbiota in the
dental plaque found adhering to the sur-
face of the teeth and in the periodontal
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pockets. While the usual response to
plague accumulation is gingival inflam-
mation, those with diabetes develop an
exaggerated and earlier inflammatory
response than do normoglycemic individ-
uals (151). The nonenzymatic glycation
and oxidation of proteins and lipids lead
to formation of advanced glycation end-
products (AGEs). For example, glycated
albumin has been shown to stimulate
secretion of inflammatory cytokines by
monocytes, especially when the latter
were incubated with lipopolysaccharides
(LPS) from periodontal bacteria associ-
ated with periodontitis (152).

Figure 31.9 shows conceptually the
two-way adverse effects periodontal
infection and hyperglycemia exert on each
other (122). Periodontal infection and
diabetes influence each other in a bidi-
rectional relationship with wide-ranging
activation of the innate immune system
causing chronic low-grade systemic
inflammation. These inflammatory
responses are integrally involved in the
pathogenesis of type 2 diabetes and its
complications, through an ongoing cyto-
kine-induced acute-phase response. They
are also implicated in the pathogenesis

of periodontitis, in which proinflam-
matory cytokines play a central role in
the host’s response to the periodontal
biofilm. Periodontal infection contributes
to the low-grade systemic inflammation
associated with diabetes and thereby
contributes to insulin resistance, IFG, IGT,
poorer control of diabetes, and possibly
the development of diabetes and its
hyperglycemia-related complications.
These mechanisms are illustrated concep-
tually in Figure 31.10, in which each arrow
is supported by scientific evidence (87).

HELICOBACTER PYLORI

The bacterium Helicobacter pylori

(H. pylori) is found as a transient or
permanent inhabitant of the oral cavity,
which may act as a reservoir and aid in
recurrence of H. pylori gastric infection
upon eradication—or even be part of
the mechanism for initial infection of

the stomach (153). This could have rele-
vance in glycemic control, according to
the conclusion of a meta-analysis of six
studies involving 325 participants with
type 2 diabetes that there is a significant
difference between H. pylori-positive and
H. pylori-negative participants regarding
their FPG levels (154).
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FIGURE 31.9. A “Two-Hit” Model for the Pathogenesis of Accelerated Periodontal Destruction in Patients With Diabetes
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A “two-hit” model for the pathogenesis of accelerated periodontal destruction in patients with diabetes. Bacterial challenge in an environment of enhanced RAGE expression,
such as the periodontium of an individual with diabetes mellitus, leads to exaggerated inflammation and impaired repair, which in turn cause accelerated and severe periodontal

destruction. RAGE, receptor for advanced glycation endproducts.

SOURCE: Reference 122, copyright © 2011 Nature Publishing Group, reprinted with permission

GESTATIONAL DIABETES:
PERIODONTAL BACTERIA AND
SYSTEMIC INFLAMMATION

A study in Turkey that compared groups
consisting of various combinations of
women with and without gingivitis and
gestational diabetes demonstrated that
gingivitis may increase the cumulative
systemic inflammatory response during
gestational diabetes (155). Having gesta-
tional diabetes was also independently
associated with increased abundance of
individual and multiple oral pathogens (all
p<0.05). Both gingivitis and gestational
diabetes contribute to elevated levels of
CRP, a risk marker for adverse pregnancy
outcomes and cardiovascular events.
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FIGURE 31.10. Mechanisms Underlying the Associations Between Periodontitis and Hyperglycemia/Diabetes and Its Complications:
Conceptual Model
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The oral microbiome in dental plague (biofilm) causes infection in the gingival tissues that respond with inflammation. In particularly susceptible individuals, hyperinflammation
will occur with subsequent breakdown of the alveolar bone surrounding the teeth in a vicious cycle fed by the dental plague and the bacteria residing in the increasingly deep-
ening periodontal pockets (spaces between the teeth and the surrounding periodontal tissues). The inflammatory response will occur both locally in the periodontium, but also
systemically due to the circulating inflammatory mediators from both the local infection, as well as elicited by the bacteremia with periodontal bacteria and their endotoxins/
lipopolysaccharides (LPS).

Contributing directly to the hyperinflammation is probably sugar added to the diet, which seems to cause both indirect negative effects via adiposity and also directly triggers the
inflammatory cascade. Chronic overexpression of proinflammatory mediators, such as cytokines (e.g., IL, interleukin; TNF, tumor necrosis factor), can contribute to insulin resis-
tance and stimulate the liver to express acute-phase reactants, such as C-reactive protein (CRP), serum amyloid A, and fibrinogen, which contribute to hyperglycemia.

The hyperinflammatory state also contributes to pancreatic beta cell damage, leading to hyperglycemia, which causes oxidative and other cellular stress that—uvia energy depri-
vation represented by the mitochondrion and the hyperglycemia-driven increased activation of leukocytes represented by the neutrophil—contributes via free radicals and other
reactive species (ROS) to neuropathy and atherosclerosis, for example.

The advanced glycation endproducts (AGEs) irreversibly formed due to the hyperglycemia activate their chief signaling receptor (RAGE) and cause further inflammatory dysfunc-
tion, cellular stress, and other changes to important periodontal cells that promote apoptosis (cell death) and decrease bone formation, resulting in further periodontal bone
destruction.

Finally, overarching modifiable and unmodifiable contributing individual factors should be mentioned, as they may influence the outcomes and account for differences between
individuals. Importantly, the following are risk factors for both periodontitis and diabetes: age, alcohol consumption, heredity, hypertension, hyperlipidemia, obesity, low socioeco-
nomic status (SES), smoking cigarettes, stress, and poor nutrition, including vitamin D deficiency.

Image attributions:
a) Courtesy Dr. lain C. Chapple: dental plaque (biofilm), electron microscopic image;
b) Courtesy Dr. Amin ur Rahman: clinical case of severe periodontitis;
c) Wikimedia Commons:
1) dental plaque (biofilm), clinical image, 2013 (“onetimeuseaccount”/anonymous): https://commons.wikimedia.org/wiki/File:Gingivitis-before.JPG;
2) liver by Dr. Mikael Haggstrom, 2010: http://commons.wikimedia.org/wiki/File:Liver_%28transparent%29.png;
3) pancreas by Dr. Mikael Haggstrom, 2010: http://commons.wikimedia.org/wiki/File%3APancreas_2.png;
4) mitochondrion by Nevit Dilmen, 2010: https://commons.wikimedia.org/wiki/File:Mitochondria.svg;
5) neutrophil by Bruce Blaus, 2014: Blausen.com staff. “Blausen gallery 2014.” Wikiversity Journal of Medicine. doi: 10.15347/wjm/2014.010. ISSN 20018762.
https://en.wikiversity.org/wiki/WikiJournal_of_Medicine/Medical_gallery_of Blausen_Medical_2014#/media/File:Blausen_0676_Neutrophil.png;
6) diabetic neuropathy by Bruce Blaus, 2013: Blausen.com staff. “Blausen gallery 2014.” Wikiversity Journal of Medicine. doi: 10.15347/wjm/2014.010. ISSN 20018762.
https://en.wikiversity.org/wiki/WikiJournal_of_Medicine/Medical_gallery_of Blausen_Medical_2014#/media/File:Blausen_0311_DiabeticNeuropathy.png.

SOURCE: Adapted from Reference 87, copyright © 2015 Springer, reprinted with permission
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DIABETES: ASSOCIATED ORAL CONDITIONS OTHER THAN CURRENT PERIODONTITIS

While periodontitis is the most widely
studied diabetes-related oral disease,
diabetes is also associated with several
other oral health conditions.

TOOTH LOSS/MISSING TEETH
Partial tooth loss is present in individuals
who retain some, but not all, of their
28 non-third-molar natural dentition. In
epidemiologic studies among adults,
edentulism or edentulousness means
that all 28 permanent non-third-molar
teeth are absent by clinical examina-
tion. Numbers of missing or present
teeth concern only those 28 teeth. The
four third molars, known as “wisdom
teeth,” are not taken into consideration
because they are often extracted by
choice, not due to disease; may be
buried in the jaws; or one or more

of them may be congenitally missing
(156). Because severe periodontitis is a
major cause of tooth loss in adults, the
number of missing teeth is often used
as a proxy for a history of periodontitis.
However, among both younger and
older individuals, dental caries can also
be a significant cause of loss of teeth
(157,158).

Actually, because the term “tooth loss”
implies that the tooth has been present,
the term “missing teeth” is more correct,
because that expression includes both
teeth that have been extracted, as well
as those that are congenitally lacking,
and possibly some that may still be
embedded in the jaw bone and are not
visible on a clinical examination.

Based on five national U.S. surveys
from 1957-1958 to 2009-2012, the
rate of edentulism in the population

age =15 years is declining dramatically
and is predicted to reach 2.6% by 2050,
with 30% fewer edentulous in 2050 (8.6
million) than in 2010 (12.2 million) (159).
Of great importance is that the vast
majority of the population have natural
teeth that will need to be cared for.

Cross-sectional Studies

U.S. Population-Based Studies
National Health and Nutrition
Examination Surveys

Evidence from U.S. population-based
studies suggests that people with diabetes
consistently are missing more teeth than
people without diabetes.

Trend analyses of nine waves of national
survey data over a 40-year period—
NHANES | (1971-1975), NHANES 1l
(1988-1994), and seven continuous
NHANES surveys from 1999 to 2012—
from 37,609 dentate (i.e., =1 permanent
tooth) adults age =25 years showed that
people with self-reported diabetes were
missing almost twice as many teeth as
their nondiabetic counterparts (156).
During 1971-2012, the mean number of
missing teeth decreased from 11.2 to 6.6
among people with diabetes and from 9.4
to 3.4 in those without diabetes.

There are great disparities in number

of missing teeth by race/ethnicity that
persist over time. Among dentate adults
with diabetes, non-Hispanic blacks were
missing significantly more teeth than
their white peers, and the number of such
missing teeth increased more by age in
non-Hispanic blacks, despite a decrease
over the decades in number of missing
teeth in both races. On the contrary, no
decreasing trend was seen in Mexican
Americans regardless of diabetes status.
Nonetheless, Mexican Americans were
missing fewer teeth than non-Hispanic
whites. These racial differences persisted
in the strata by age group, survey period,
and birth cohort (156).

Among 11,761 dentate U.S. adults age
=20 years participating in the NHANES
1999-2004, people with self-reported
diabetes were missing significantly more
teeth than the total population (160).
The age- and sex-standardized mean
numbers of permanent teeth missing
were: 4.1 teeth among all dentate (with
natural teeth); 5.7 teeth among all dentate
participants with diabetes (including
uncontrolled diabetes); and 6.0 missing

teeth among dentate participants with
uncontrolled diabetes. The mean numbers
of missing teeth were significantly higher
for participants with diabetes than those
without diabetes.

A report analyzing NHANES 2003-2004
data from 2,508 participants age

>50 years with oral examinations and
self-reported diabetes status investigated
the prevalence of edentulism and partial
tooth loss (161). The unadjusted prev-
alence of edentulism was significantly
twofold higher in the participants with
diabetes than those without diabetes,
28.4% versus 14.1%, respectively
(p<0.001). Similarly, dentate participants
with diabetes had a significantly greater
unadjusted mean number of missing teeth
than those without diabetes, 9.8 versus
6.7, respectively (p<0.001). Those with
diabetes were more than twice as likely to
be edentulous than those without diabetes
(OR 2.25, 95% ClI 1.19-4.21). Diabetes
was estimated to be associated with 18%
of the cases of edentulism in U.S. adults
age =50 years, and the statistically signif-
icant greater mean number of missing
teeth among the dentate participants

with diabetes persisted in multiple linear
regression analysis after adjustment (161).

In 5,511 U.S. adults participating in the
NHANES 2005-2008, the number of
natural teeth was inversely associated
with FPG and insulin concentrations
(p<0.01 for both) (162). Results of new
analyses of the NHANES 2009-2012 data
exploring the prevalence of edentulism

in 4,209 U.S. adults age =30 years with
various categories of diabetes in different
demographic and smoking status groups
are displayed in Table 31.4.

The age-standardized (except for the

age groups) weighted prevalence of
edentulism, independent of any other
characteristics, was significantly greater
in participants with diabetes than in

those without diabetes (8.9% vs. 5.3%,
p<0.05). The prevalences of edentulism in
participants with prediabetes (6.6%) and
with poorer controlled (Alc >7%) diabetes
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TABLE 31.4. Crude and Age-Standardized Prevalence of Edentulism in Adults Age =30 Years, by Diabetes Status, Glycemic Control Status,
and Other Characteristics, U.S., 2009-2012

PERCENT (STANDARD ERROR)

Diabetes Normal
All Alc>7% Alc <7% Prediabetes Glucose Levels
CHARACTERISTICS SAMPLE SIZE n=1,639 n=632 n=951 n=1,363 n=1,207
All
Crude 4,209 12.8 (1.2)* 11.5 (1.9 13.1 (1.4)* 6.8 (1.2)* 2.7 (0.4)
Age-standardizedt 4,209 8.9(0.9)* 9.2(1.6) 8.5(0.9)* 6.6(1.2) 5.3(0.8)
Age (years)
30-44 1,171 g g g g 0.2 (0.1
45-64 1,800 7.6 (1.4)* 79 (2.2) 6.6 (1.3) 6.2 (1.9) 1.8(0.8)?
=65 1,238 22.5(L.8) 23.5(3.9) 22.3(2.3) 14.2 (2.3) 19.6 (3.0)
>75% 523 30.1(2.9) 36.0(6.2) 29.0 (3.6) 14.7 (4.1)* 29.1(5.0)
Sex
Men 2,108 7.2 (1.0) 79(1.7) 6.5 (L.4) 6.8 (1.4) 49(L.3)
Women 2,101 10.6 (1.2)* 10.8 (2.1)* 10.2 (1.3)* 6.4 (1.7) 5.8(0.9)
Race/ethnicity
Non-Hispanic white 1,790 10.1 (1.4)* 9.7 (2.5) 10.0 (L.5) 7.3 (L.6) 5.0(0.8)
Non-Hispanic black 919 8.6(1.0) 10.9 (1.8)* 6.6(1.1) 59 (L) 5.6 (2.1
All Hispanic 1,073 6.1(1.1) 7.4 (1.5) 5.2(1.6) 5.6 (1.5) 5.5 (2.2)!
Mexican American 604 4.6 (L.2)* 6.2 (L.3)* 3.6 (L.7)*? 3.7 (1.6)* g
Smoking status
Never smoker 2,252 49(0.7) 4.7 (0.9) 49(0.8) 29(0.7) 3.0(0.8)
Former smoker 1,178 11.1(1.2)* 13.4 (3.0)* 10.4 (L.3) 7.8 (2.5)! 5.1(1.0)
Current smoker 777 15.3(2.6) 11.8(3.8) 16.4 (3.7) 17.9 (4.0) 19.7 (5.0)
Education
<High school 1,226 15.3(2.1) 15.1(2.6) 14.2 (2.2) 13.9(2.5) 13.0 (2.9)
High school 919 9.3(1.5) 10.0 (2.3) 9.7 (1.9) 11.2 (3.4¢ 77 (2.1)
>High school 2,056 5.0(0.9) 5.5(1.7)} 47 (1.1) 2.1(0.6) 2.4(1.0
Body mass index (kg/m?)
<25 982 9.8(2.4) 8.2 (2.8)! 9.5 (3.7 8.9(2.4) g
25-<30 1,398 8.2(1.3) 10.5(2.9) 7.3(1.7) 5.8(L.1) 7.3(1.4)
=30 1,789 8.9 (L.3)* 8.6 (2.1) 9.0 (1.2 5.7(1.2) 3.8(1.0)
Poverty income ratio
First tertile (0-2.0) 1,879 14.9(1.9) 16.8 (2.8) 13.6(2.2) 13.2 (2.5) 11.4(2.1)
Second tertile (2.1-4.4) 1,098 6.7 (1.2) 3.5 (1.5 75(1.4) 49(1.4) 4.1(1.6)
Third tertile (=4.5) 833 1.9(0.7) g 2.4(0.8) 2.0(0.7)t g
Cotinine (serum; ng/mL)
<0.05 2,377 6.0 (0.7)* 5.7 (0.7) 6.1(0.8)* 3.4(0.8) 2.2(0.5)
0.05-<3.0 788 10.2 (2.2) 14.0 (4.2) 8.5(2.3) 6.0 (1.3)* 12.8 (2.9)
=3.0 941 14.7 (2.0) 12.0(3.8) 16.6 (3.2) 16.5(3.2) 18.1(3.0)

Edentulism is defined as having lost all natural teeth. Diabetes is defined by self-report of previously being diagnosed by a physician or by Alc =6.5% or FPG =126 mg/dL or
2-hour plasma glucose =200 mg/dL. Prediabetes is defined as self-report of no previous diabetes diagnosis and Alc 5.7%—6.4% or FPG 100—125 mg/dL or 2-hour plasma glucose
140-199 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100 mg/dL, and 2-hour plasma glucose <140 mg/dL. The analysis excludes pregnant females, those
missing edentulism data, and those not defined by the research definition of diabetes. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1
Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.

* p=0.05 compared to persons with normal glucose levels

T Data (except for the age groups) are age-standardized to the National Health Interview Survey 2012 population using age groups 30—44, 45—-64, and =65 years.

F Also included in the age group =65 years.

! Relative standard error >30%—40%

2 Relative standard error >40%-50%

3 Estimate is too unreliable to present; <1 case or relative standard error >50%.

SOURCE: National Health and Nutrition Examination Surveys 2009-2012
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(9.2%) were higher than in those without
diabetes, but the differences were not
significantly different statistically.

Table 31.4 also presents results of
analyses for the prevalence of edentulism
by diabetes status. The prevalence of
edentulism was greater for participants
with diabetes and poorer controlled
diabetes in most of the categories of
subgroups, although not all differences
reached statistical significance.

Figures 31.11 and 31.12 show the consis-
tent pattern of differences in prevalence of
edentulism by diabetes status and catego-
ries of population subgroups. Overall, the
data displayed in Table 31.4 and illustrated
in Figures 31.11 and 31.12 support the
prevalence of edentulism being greater

in people with diabetes, in accord with
findings using the NHANES 2003-2004
data (161).

Oral Health and Diabetes

FIGURE 31.11. Prevalence of Edentulism Among Adults Age =30 Years, by Diabetes Status
and Ageg, Sex, and Race/Ethnicity, U.S., 2009-2012
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Edentulism is defined as missing all teeth. Diabetes is defined by self-report of previously being diagnosed by a
physician or by Alc =6.5% or FPG =126 mg/dL or 2-hour plasma glucose =200 mg/dL. Prediabetes is defined as
self-report of no previous diabetes diagnosis and Alc 5.7%—6.4% or FPG 100-125 mg/dL or 2-hour plasma glucose
140-199 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100 mg/dL, and 2-hour plasma glucose
<140 mg/dL. Data in panel A are crude estimates. Data in panels B and C are age-standardized to the National
Health Interview Survey 2012 population using age groups 30—44, 45—64, and =65 years. Error bars represent
95% confidence intervals. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1
Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.

* p=0.05 compared to persons with normal glucose levels

1 Estimate is too unreliable to present; <1 case or relative standard error >50%.

SOURCE: National Health and Nutrition Examination Surveys 2009-2012. See Table 31.4.
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FIGURE 31.12. Prevalence of Edentulism Among Adults Age =30 Years With Diabetes With
Poor (Alc >7%) and Good (Alc<7%) Glycemic Control Compared to Normal Glucose Levels,
by Age, Sex, and Race/Ethnicity, U.S., 2009-2012
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Edentulism is defined as missing all teeth. Alc values are reported among individuals with diagnosed or undiagnosed
diabetes. Diagnosed diabetes is self-reported. Undiagnosed diabetes is defined as Alc =6.5% or FPG =126 mg/dL or
2-hour plasma glucose =200 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100 mg/dL, and 2-hour
plasma glucose <140 mg/dL. Data in panel A are crude estimates. Data in panels B and C are age-standardized to
the National Health Interview Survey 2012 population using age groups 30—44, 45—64, and =65 years. Error bars
represent 95% confidence intervals. Conversions for Alc and glucose values are provided in Diabetes in America
Appendix 1 Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.

* p=0.05 compared to persons with normal glucose levels

1 Estimate is too unreliable to present; <1 case or relative standard error >50%.

SOURCE: National Health and Nutrition Examination Surveys 2009-2012. See Table 31.4.
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The new analyses of NHANES 2009-2012
data also evaluated tooth loss as the
mean number of missing teeth in dentate
individuals by diabetes and glycemic
control status, as shown in Table 31.5.
The age-standardized (except for the

age groups) weighted mean number of
missing teeth was significantly higher for

people with overt diabetes (5.2), in poorer
controlled (Alc >7%) diabetes (5.3), and in
better controlled (Alc <7%) diabetes (5.2)
than among those without diabetes (3.1).

Table 31.5 also presents results of anal-
yses of the mean number of missing
teeth by diabetes status. The pattern of

Oral Health and Diabetes

statistically significantly greater numbers
of missing teeth for people with diabetes
and poorer controlled diabetes is consis-
tent across the majority of categories of
all population subgroups. Non-Hispanic
black individuals with diabetes and poorer
controlled diabetes have noticeably
higher numbers of missing teeth than

TABLE 31.5. Crude and Age-Standardized Mean Number of Missing Teeth, Among Dentate Adults Age =30 Years, by Diabetes Status,
Glycemic Control Status, and Other Characteristics, U.S., 2009-2012

MEAN NUMBER (STANDARD ERROR)

Diabetes

Normal
All Alc>7% Alc <7% Prediabetes Glucose Levels
CHARACTERISTICS SAMPLE SIZE n=1,386 n=537 n=806 n=1,264 n=1,156
All
Crude 3,806 6.1(0.3)* 5.8 (0.3)* 6.3 (0.4)* 4.0(0.2)* 24(0.2)
Age-standardizedt 3,806 5.2 (0.2)* 5.3(0.3)* 5.2 (0.3)* 4.0(0.2)* 3.1(0.3)
Age (years)
30-44 1,161 2.4(0.3)* 2.7 (0.4) 2.2(0.4) 1.7 (0.2) 1.5(0.1)
45-64 1,687 5.8 (0.4) 5.8 (0.5)* 5.8 (0.5)* 4.1 (0.4) 3.0(0.4)
=65 958 8.1(0.4)* 7.9 (0.5 8.3(0.5)* 7.1(0.4) 5.3(0.9)
=75% 374 8.8(0.6) 9.1(0.9) 8.7(0.7) 7.7 (0.9) 6.9(1.1)
Sex
Men 1,910 4.7 (0.3)* 4.6 (0.3)* 4.7 (0.5)* 4.1(0.2)* 2.9(0.3)
Women 1,896 5.7 (0.3)* 6.2 (0.5)* 5.6 (0.4)* 3.9(0.3) 3.3(0.3)
Race/ethnicity
Non-Hispanic white 1,579 4.6(0.3)* 4.5(0.3)* 4.7 (0.4)* 3.7 (0.2) 2.6(0.3)
Non-Hispanic black 828 7.2 (0.3)* 7.0(0.6)* 7.3(0.4)* 6.5(0.4) 5.3(0.6)
All Hispanic 1,009 6.4 (0.3) 6.4(0.4) 6.5(0.4) 45(0.4) 5.8(0.7)
Mexican American 581 5.8(0.3) 5.5(0.4) 6.1(0.5) 3.6(0.4) 4.8(0.7)
Smoking status
Never smoker 2,125 4.3(0.3)* 4.5 (0.4)* 4.2 (0.3 3.1(0.2)* 2.3(0.2)
Former smoker 1,002 5.6 (0.5)* 5.3(0.8)* 5.7 (0.5)* 3.7(0.3) 3.1(0.4)
Current smoker 677 7.8(0.6) 7.4.(0.5) 7.7 (0.8) 7.3(0.5) 8.5(1.0)
Education
<High school 1,025 6.8 (0.5) 6.4 (0.5) 7.3(0.6)* 7.2 (0.3)* 5.6 (0.6)
High school 809 6.5 (0.4)* 5.4 (0.4) 6.8 (0.6)* 49(0.4) 4.4(0.3)
>High school 1,965 3.9(0.2)* 4.6 (0.4)* 3.5(0.2) 2.7(0.2) 2.3(0.3)
Body mass index (kg/m?)
<25 899 4.9(0.5)* 5.3(0.8)* 4.9(0.5)* 4.2 (0.5) 3.1(0.4)
25-<30 1,261 5.0(0.3)* 6.1 (0.6)* 4.5(0.4)* 3.9(0.3) 3.2(0.4)
=30 1,619 5.3(0.3)* 4.9 (0.4)* 5.5 (0.5)* 3.9(0.3)* 2.8(0.5)
Poverty income ratio
First tertile (0-2.0) 1,632 6.6 (0.3)* 6.3(0.5) 6.8 (0.6) 5.9(0.4) 5.3(0.5)
Second tertile (2.1-4.4) 1,012 5.2 (0.3)* 4.7 (0.5)* 5.7 (0.4)* 3.9(0.3)* 2.7 (0.4)
Third tertile (=4.5) 811 3.5(0.4)* 4.6(0.8)* 3.2(0.4)* 2.6(0.5) 2.0(0.3)
Cotinine (serum; ng/mL)
<0.05 2,197 4.3(0.2) 4.6 (0.5)* 4.2 (0.2 2.9(0.2)* 2.2(0.2)
0.05-<3.0 710 5.9(0.5) 5.7 (0.5) 5.9(0.6) 4.5(0.4) 4.8(0.6)
=3.0 818 7.3(0.6) 6.3(0.6) 8.0(0.8) 6.7 (0.4) 74(1.0)

Missing teeth is defined as the number of natural teeth missing of the 28 non-third molar teeth. Diabetes is defined by self-report of previously being diagnosed by a physician

or by Alc =6.5% or FPG =126 mg/dL or 2-hour plasma glucose =200 mg/dL. Prediabetes is defined as self-report of no previous diabetes diagnosis and Alc 5.7%—6.4% or FPG
100-125 mg/dL or 2-hour plasma glucose 140-199 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100 mg/dL, and 2-hour plasma glucose <140 mg/dL. The
analyses exclude pregnant females. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycated hemoglobin; FPG, fasting
plasma glucose.

* p=0.05 compared to persons with normal glucose levels

T Data (except for the age groups) are age-standardized to the National Health Interview Survey 2012 population using age groups 30—44, 45—-64, and =65 years.

F Also included in the age group =65 years.

SOURCE: National Health and Nutrition Examination Surveys 2009-2012
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their counterparts in other racial/ethnic
categories. Table 31.5 and Figures 31.13
and 31.14 also show the expected linear
gradients for increasing numbers of
missing teeth as age and smoking (and
serum cotinine content) increase, as well
as decreasing numbers of missing teeth
for individuals as education and poverty
income ratio increase.

Behavioral Risk Factor Surveillance
System

Among 155,280 U.S. dentate adults who
participated in the BRFSS 2004 tele-
phone survey and reported having had

a dental visit in the past year, those with

self-reported diabetes had significantly
more teeth extracted because of decay or
periodontitis than those without diabetes
(163). Participants with diabetes were
almost 50% more likely to have any teeth
extracted (OR 1.46, 95% Cl 1.30-1.64)
and three times more likely to have =6
teeth extracted, after adjustment for
confounders. This independent associa-
tion between diabetes and tooth loss was
stronger among the younger age group
(18—44 years). Among 70,363 older U.S.
adults (age =65 years) taking part in the
BRFSS 2006, 2008, and 2010, those
with diabetes were more likely to have
lost teeth to caries or periodontitis than

respondents without diabetes (82.3% vs.
74.3%, p<0.001) (164).

Hispanic Community Health Study/
Study of Latinos (HCHS/SOL)

Among Hispanic/Latino adults age 18—74
years (N=15,945), those with uncontrolled
diabetes (Alc =7%) had about twice the
risk of missing more than nine, but not all,
teeth (OR 1.92, 95% Cl 1.44—2.55) or being
edentate (OR 1.73, 95% Cl 1.22—2.46)
than their normoglycemic counterparts
(165). However, there was no difference

in number of missing teeth between
normoglycemic participants and those with
prediabetes or well-controlled diabetes.

FIGURE 31.13. Mean Number of Missing Teeth Among Dentate Adults Age =30 Years, by Diabetes Status and Age, Sex, Race/Ethnicity,

and Smoking Status, U.S., 2009-2012
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Number of missing teeth is the number of the 28 non-wisdom teeth that are not present in people who are dentate (have =1 natural tooth). Therefore, the edentulous (having

lost all natural teeth) are excluded from these analyses. Diabetes is defined by self-report of previously being diagnosed by a physician or by Alc =6.5% or FPG =126 mg/dL or
2-hour plasma glucose =200 mg/dL. Prediabetes is defined as self-report of no previous diabetes diagnosis and Alc 5.7%—6.4% or FPG 100—125 mg/dL or 2-hour plasma glucose
140-199 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100 mg/dL, and 2-hour plasma glucose <140 mg/dL. Data in panel A are crude estimates. Data in panels
B, C, and D are age-standardized to the National Health Interview Survey 2012 population using age groups 30—44, 45—64, and =65 years. Error bars represent 95% confidence
intervals. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.

* p=0.05 compared to persons with normal glucose levels

SOURCE: National Health and Nutrition Examination Surveys 2009-2012. See Table 31.5.
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FIGURE 31.14. Mean Number of Missing Teeth Among Dentate Adults Age =30 Years With Diabetes With Poor (Alc >7%) and Good
(Alc <7%) Glycemic Control Compared to Normal Glucose Levels, by Age, Sex, Race/Ethnicity, and Smoking Status, U.S., 2009-2012
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Number of missing teeth is the number of the 28 non-wisdom teeth that are not present in people who are dentate (have =1 natural tooth). Therefore, the edentulous (having
lost all natural teeth) are excluded from these analyses. Alc values are reported among individuals with diagnosed or undiagnosed diabetes. Diagnosed diabetes is self-reported.
Undiagnosed diabetes is defined as Alc =6.5% or FPG =126 mg/dL or 2-hour plasma glucose =200 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100 mg/dL,
and 2-hour plasma glucose <140 mg/dL. Data in panel A are crude estimates. Data in panels B, C, and D are age-standardized to the National Health Interview Survey 2012
population using age groups 30—44, 45—-64, and =65 years. Error bars represent 95% confidence intervals. Conversions for Alc and glucose values are provided in Diabetes in
America Appendix 1 Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.

*

p=0.05 compared to persons with normal glucose level

SOURCE: National Health and Nutrition Examination Surveys 2009—-2012. See Table 31.5.

Tooth Loss in Type 1 Diabetes

Reports specifically investigating associa-
tions between type 1 diabetes and tooth
loss in adults are sparse, and there are

no nationwide population-based studies
of U.S. adults with type 1 diabetes. A
study of 406 adults who were represen-
tative of residents of Allegheny County,
Pennsylvania, included primarily white
non-Hispanic (98%) persons who were
diagnosed with type 1 diabetes (166). This
study did not include a comparison group
without diabetes, but the analysis included
a comparison with NHANES Ill data, in
which approximately 95% of the partici-
pants did not have diabetes. This study did
not identify a significant difference in the
age-adjusted mean number of teeth lost

or prevalence of edentulism between the
study participants. Partial tooth loss in the
type 1 diabetes subjects was significantly
associated with the following diabetes-
related factors: extensive periodontitis

in remaining teeth (OR 7.35, 95% Cl
2.49-27.28), BOP (OR 1.82, 95% Cl
1.03-3.23), duration of diabetes >24 years
(OR 5.32, 95% Cl 2.96—-9.84), and diabetic
neuropathy (OR 2.29, 95% CI 1.15-4.55).
Other risk factors significantly associ-

ated with partial tooth loss in the model
included household income <$20,000,
not using dental floss, and multiple teeth
with coronal decay or fillings.

The German population-based SHIP study
investigated the association between

diabetes and tooth loss in 145 participants
with type 1 diabetes compared to 2,647
participants without diabetes, age 20—-59
years (167). Tooth loss was specified as a
dichotomous variable to define cases with
the top quartile of missing teeth in each
5-year age group in males and females,
respectively. An adjusted multivariable
logistic regression estimated significant
twofold higher odds for belonging to

the top quartile of number of missing
teeth in participants with type 1 diabetes
compared to those without diabetes (OR
1.93, 95% Cl 1.37-2.71) overall. However,
when stratified by age groups, the odds

of being in the highest quartile of tooth
loss were statistically significant for partic-
ipants ages 40—49 and 50-59 years, but
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not significant for those ages 20—29 and
30-39 years.

Longitudinal Studies

U.S. Health Professionals Follow-Up
Study

As mentioned, the HPFS enrolled U.S.
male health professionals age 40—75
years at baseline by questionnaires mailed
every other year (127); diabetes status
was self-reported. Participants reported
the number of natural teeth at baseline
and the number of natural teeth lost for
each subsequent biennial questionnaire.
The follow-up question to determine tooth
loss was: “How many natural teeth have
you lost since January 1 (of the previous
questionnaire cycle)?” The multivariable
models estimated that among the 35,247
originally dentate men, those with type 2
diabetes had an adjusted modest, but
significant, 10% higher risk of experiencing
tooth loss over 20 years than those
without diabetes.

U.S. Women'’s Health Initiative
Observational Study

A study of 1,021 postmenopausal
women participating in the Women'’s
Health Initiative Observational Study
investigated incident tooth loss during

5 years of follow-up (168). Presence of
teeth was assessed by clinical exam-
ination, whereas diabetes status was
determined by self-report. Overall, nearly
30% experienced tooth loss during the
study, and participants with diabetes had
a statistically significant almost 2.5-fold
greater risk of any tooth loss than those
without diabetes.

Study of Health in Pomerania

The population-based SHIP cohort study
of German men and women (mean
age[+SD] 46[+14] years, range 21-80
years) provides evidence that uncontrolled
diabetes (Alc >7%) increases the risk

for incident tooth loss during 5 years of
follow-up, regardless of whether the partici-
pants had type 1 or type 2 diabetes (129).
Overall, one-third (34%) experienced tooth
loss. The significant risk ratios for incident
tooth loss among those with uncontrolled
diabetes compared with no diabetes were
1.36 (95% Cl 1.11-1.67) and 1.93 (95% ClI
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1.55-2.39) for type 2 and type 1 diabetes,
respectively, whereas the risks for tooth
loss in controlled diabetes of either type
were not statistically significant compared
to those without diabetes.

U.S. Non-Population-Based Studies

In the aforementioned prospective study
following a cohort of 760 male U.S.
veterans for up to 33 years, suffering
from metabolic syndrome significantly
increased the adjusted hazard for tooth
loss (HR 1.39, 95% Cl 1.08-1.79). Also,
its impact on tooth loss increased with
the number of metabolic syndrome
conditions present (130).

Among 1,097 point-of-care Alc-tested
adults age =40 years (=30 years, if
Hispanic) in Manhattan, New York, 494
were newly diagnosed with potential
hyperglycemia; the number of missing
teeth increased in a dose-response
manner with increasing level of hyper-
glycemia. Statistically significantly more
teeth (+SD) were missing in the overt
diabetes group (9.3+7.1) than in the
prediabetes group (7.4+6.7) that again
had more missing teeth than the normo-
glycemic group (5.8+6.2) (132). However,
the higher number of missing teeth in the
diabetes group than in those with predia-
betes did not reach statistical significance.

Root Fragments

A root fragment is defined as any
permanent residual tooth structure,
predominantly composed of dental root
structure, with more than 90% of the
coronal structure (crown of the tooth)
destroyed by caries, and occupying the
position of a tooth within the dental arch
(169). The presence of such root remnants
may be a marker for lack of access to
dental care for its removal or for treat-
ment (or prevention) of the severe caries
on the root or the crown of the tooth that
could prevent the occurrence of root
fragments. While the oral examination in
the NHANES 2009-2012 did not include
examination for coronal or root caries in
adults age =30 years, the presence of root
remnants was assessed. The age-stan-
dardized (except for results by age groups)
and age-stratified prevalences of any

root fragments by diabetes status and
glycemic control status are presented in
Table 31.6 and illustrated in Figures 31.15
and 31.16.

As shown in Table 31.6, there was consis-
tent evidence of a gradient of increased
prevalence of any root fragments in the
categories of diabetes status from normal
glucose levels to prediabetes to diabetes.
This consistent gradient of increased root
fragment prevalence also occurs from
normal glucose levels to better controlled
diabetes (Alc <7%) to poorer controlled
diabetes (Alc >7%). Additionally, in
almost every subpopulation category, the
prevalence of any root fragments was
greater for individuals with diabetes and
for individuals with poorer controlled
diabetes than for those without diabetes.
The consistency of these patterns of prev-
alence of root fragments associated with
diabetes and glycemic control status is
illustrated in Figures 31.15 and 31.16 for
the subgroups displayed in Table 31.6.

Potential Consequences of Tooth
Loss

Abundant evidence exists for the sequela
of tooth loss, especially edentulism, which
is briefly summarized in the following.
Diminished quality of life in all its dimen-
sions (physical, functional, psychological,
social, etc.) is the greatest overarching
result of missing teeth. In the title of a
study that sought to understand the
varying perceptions of tooth loss and
replacement, British health sociologists
summed it up as follows: “Your whole life
is lived through your teeth” (170).

The adverse effects include, but are not
limited to: difficulty in brushing and other
cleaning of the remaining dentition; diffi-
culty in biting and chewing, leading to
lower consumption of dietary fiber, fruits,
and vegetables and higher consumption
of soft foods containing cholesterol, satu-
rated fat, and added sugar; speaking;
esthetic dissatisfaction; poorer self-rated
oral health, as well as general health;
diminished self-esteem; depression; social
stigma; and possibly difficulties in gaining
employment. Physically, tooth loss is
associated with incident type 2 diabetes
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TABLE 31.6. Crude and Age-Standardized Prevalence of Any Root Fragments Among Adults Age =30 Years, by Diabetes Status, Glycemic
Control Status, and Other Characteristics, U.S., 2009-2012

PERCENT (STANDARD ERROR)

Diabetes Normal
All Alc>7% Alc <7% Prediabetes Glucose Levels
CHARACTERISTICS SAMPLE SIZE n=1,386 n=537 n=806 n=1,264 n=1,156
All
Crude 3,806 12.0 (1.4) 19.2 (2.8)* 12.0 (1.3)* 11.4 (1.1 7.5(1.0)
Age-standardizedt 3,806 14.2 (1.2)* 19.6 (2.5)* 11.2 (1.3) 11.4 (1.0)* 77 (1.2)
Age (years)
30-44 1,161 13.6 (2.3)* 21.7 (4.2)* 8.5 (2.9 13.4(1.6)* 6.0(0.9)
45-64 1,687 15.1(2.3) 19.8 (4.5)* 12.4(2.1) 11.7 (1.9) 9.6(2.1)
=65 958 13.3 (1.4) 16.1 (2.9 12.8 (1.9)* 8.1(1.3) 6.1 (2.2t
>75% 374 13.7(1.9) 16.5 (6.2)! 13.4(2.2) 79(2.1) 12.7 (4.1)!
Sex
Men 1,910 16.9 (2.3) 19.4 (3.3)* 14.9 (3.3) 13.8(1.6) 10.2 (2.0)
Women 1,896 11.4 (1.0 20.1 (2.8)* 79(1.2) 8.7(1.0) 6.0 (1.3)
Race/ethnicity
Non-Hispanic white 1,579 12.2 (1.8) 20.1(3.1)* 9.1(21) 10.6 (1.6)* 6.2 (L.5)
Non-Hispanic black 828 20.6(2.3) 24.8 (4.8) 20.9(3.5) 19.3(2.7) 20.3(3.9)
All Hispanic 1,009 18.0 (2.7)* 24.1 (5.0)* 12.8 (2.5) 13.4(2.3) 10.1 (2.4)
Mexican American 581 22.7(2.8) 30.8(7.2) 18.0(3.3) 15.9(2.9) 16.8 (5.1)!
Smoking status
Never smoker 2,125 11.0 (1.4)* 19.4 (3.2)* 6.6 (0.9) 9.0(1.2) 5.9(L.7)
Former smoker 1,002 12.2 (1.8) 11.1 (4.5) 12.8 (2.2 9.0 (L9 4.3(0.8)
Current smoker 677 259 (3.7) 26.8 (5.2) 23.8(5.2) 19.5(3.5) 28.8 (4.5)
Education
<High school 1,025 15.9(1.7) 23.3(3.5)* 11.6 (2.0 18.9(2.1) 13.7(2.7)
High school 809 20.9 (2.5) 24.4 (5.3) 18.2 (3.5) 13.7(1.9) 13.4(3.0)
>High school 1,965 10.5 (1.4) 15.3(3.1) 8.1(1.6) 7.8(1.3) 5.3(1.5)
Body mass index (kg/m?)
<25 899 13.8 (3.4) 18.8 (4.8)* 11.7 (4.3) 10.2 (2.0) 7.6 (1.5)
25-<30 1,261 13.4(2.6)* 25.4 (5.2)* 8.5(2.4) 11.0 (1.9) 6.7 (1.3)
=30 1,619 14.6 (1.6)* 17.7 (3.2)* 12.6 (2.0) 12.4(1.7) 9.2(2.4)
Poverty income ratio
First tertile (0-2.0) 1,632 21.7 (1.7) 259 (4.2) 19.3(2.2) 21.3(2.4) 19.1(3.9)
Second tertile (2.1-4.4) 1,012 10.9 (2.4) 13.9(3.5) 10.1 (3.2 10.4 (1.7) 7.0 (2.5}
Third tertile (=4.5) 811 5.5 (2.3 10.7 (5.0 g 4.8 (1.5) 1.8(0.8)?
Cotinine (serum; ng/mL)
<0.05 2,197 9.9 (1.4) 159 (3.2)* 6.8 (1.1)* 6.6 (1.0)* 3.6(0.8)
0.05-<3.0 710 12.5(2.1) 18.7 (4.2) 9.3(2.5) 18.7 (3.1) 10.9 (3.0)
=3.0 818 25.9(3.8) 23.4(4.8) 259 (4.7) 17.3(2.8) 229(3.8)
Periodontitis§
No 1,521 5.6 (1.4) 9.2 (3.3 4.1 (1.6)! 49(1.2) 3.5(0.9)
Mild 202 11.2 (3.9 g g 8.9 (3.5) 7.5 (3.6)
No/mild 1,723 6.4 (1.5) 10.6 (3.8)! 4.6 (L4} 5.3(L.1) 3.7(1.0)
Mild/moderate 1,585 14.3(1.4) 15.5 (2.6) 14.5 (3.0) 15.4 (1.5)* 10.3(1.4)
Moderate 1,383 14.3(1.6) 14.5(2.1) 15.3(3.5) 16.6 (1.7) 10.8(1.7)
Moderate/severe 1,852 19.5 (L.7)* 215(3.2) 18.6 (2.7) 18.6 (1.6) 13.5(1.9)
Severe 469 30.6 (5.0) 34.8 (6.8) 26.7 (7.1) 25.1(3.2) 28.3(6.8)

Any root fragment is defined as the presence of one or more pieces of a root of a non-wisdom tooth (maximum = 28 teeth) remaining in the jaw bone. Diabetes is defined by
self-report of previously being diagnosed by a physician or by Alc =6.5% or FPG =126 mg/dL or 2-hour plasma glucose =200 mg/dL. Prediabetes is defined as self-report of no
previous diabetes diagnosis and Alc 5.7%—6.4% or FPG 100—-125 mg/dL or 2-hour plasma glucose 140—199 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100
mg/dL, and 2-hour plasma glucose <140 mg/dL. The analyses exclude pregnant females, those missing root fragment data, and those not defined by the research definition of
diabetes. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.

* p=0.05 compared to persons with normal glucose levels

1 Data (except for the age groups) are age-standardized to the National Health Interview Survey 2012 population using age groups 30—44, 45—64, and =65 years.

1 Also included in the age group =65 years.

§ Periodontitis is defined using the Centers for Disease Control and Prevention/American Academy of Periodontology criteria (Reference 18).

! Relative standard error >30%—40%

2 Relative standard error >40%-50%

3 Estimate is too unreliable to present; <1 case or relative standard error >50%.

SOURCE: National Health and Nutrition Examination Surveys 2009-2012
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FIGURE 31.15. Prevalence of Any Root Fragments Among Adults Age =30 Years, by Diabetes Status and Age, Sex, Race/Ethnicity, and
Periodontitis Status, U.S., 2009-2012
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Any root fragment is defined as the presence of one or more pieces of a root of a non-wisdom tooth (maximum = 28 teeth) remaining in the jaw bone. Periodontitis is defined
using Centers for Disease Control and Prevention/American Academy of Periodontology criteria (Reference 18). Diabetes is defined by self-report of previously being diagnosed
by a physician or by Alc =6.5% or FPG =126 mg/dL or 2-hour plasma glucose =200 mg/dL. Prediabetes is defined as self-report of no previous diabetes diagnosis and Alc 5.7%—
6.4% or FPG 100-125 mg/dL or 2-hour plasma glucose 140-199 mg/dL. Normal glucose levels are defined as Alc <5.7%, FPG <100 mg/dL, and 2-hour plasma glucose <140
mg/dL. Data in panel A are crude estimates. Data in panels B, C, and D are age-standardized to the National Health Interview Survey 2012 population using age groups 30—44,

45-64, and =65 years. Error bars represent 95% confidence intervals. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc,
glycated hemoglobin; FPG, fasting plasma glucose.

* p=0.05 compared to persons with normal glucose levels
1 Relative standard error >30%—40%

SOURCE: National Health and Nutrition Examination Surveys 2009-2012. See Table 31.6.

and decreased glycemic control; bone TOOTH ERUPTION providers and parents/guardians to be alert
stiffness and osteoporotic fracture risk; Children with diabetes tend to experience to this eruption to accomplish proper tooth
cardiovascular disease and events; hyper- accelerated tooth eruption, especially cleaning and also in order for the occlusal
tension; (silent) ischemic stroke; cognitive in girls and possibly in cases with simul- (biting) surface to be professionally sealed
decline and dementia; kidney disease; taneous obesity, as demonstrated by a to prevent development of caries.

cancer (head and neck, esophagus, study of 270 children age 6—14 years with

stomach, pancreas, lung); decreased diabetes and 320 comparison children CARIES

longevity, and all-cause and cardiovascular ~ without diabetes examined in New York Dental caries is seen at two different
mortality. Finally, having lost some teeth, City (171). locations: coronal caries on the crown

but not all, is the most important risk portion of the tooth that is covered by
factor for losing more teeth. The negative The permanent first molars erupt—most tooth enamel and visible in the oral cavity;
impact of missing teeth is potentially often unnoticed—behind the deciduous and root caries that occurs on the portion
accentuated in people with diabetes who (primary, “baby”) teeth, usually at age 5—6 of the tooth imbedded in the alveolar (jaw)
already are burdened by a chronic health years, and possibly earlier in children with bone and covered by the gums and hence
issue. diabetes. It is important for health care not visible in periodontal health.
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FIGURE 31.16. Prevalence of Any Root Fragments Among Adults Age =30 Years With Diabetes With Poor (Alc >7%) and Good (Alc <7%)
Glycemic Control Compared to Normal Glucose Levels, by Age, Sex, Race/Ethnicity, and Periodontitis Status, U.S., 2009-2012
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Any root fragment is defined as the presence of one or more pieces of a root of a non-wisdom tooth (maximum = 28 teeth) remaining in the jaw bone. Periodontitis is defined using
Centers for Disease Control and Prevention/American Academy of Periodontology criteria (Reference 18). Alc values are reported among individuals with diagnosed or undiag-
nosed diabetes. Diagnosed diabetes is self-reported. Undiagnosed diabetes is defined as Alc =6.5% or FPG =126 mg/dL or 2-hour plasma glucose =200 mg/dL. Normal glucose
levels are defined as Alc <5.7%, FPG <100 mg/dL, and 2-hour plasma glucose <140 mg/dL. Data in panel A are crude estimates. Data in panels B, C, and D are age-standardized
to the National Health Interview Survey 2012 population using age groups 30-44, 45—64, and =65 years. Error bars represent 95% confidence intervals. Conversions for Alc and

*

! Relative standard error >30%—40%

SOURCE: National Health and Nutrition Examination Surveys 2009-2012. See Table 31.6.

Evidence regarding the occurrence of
coronal caries in both children and adults
with type 1 diabetes (128,172,173,174)
and type 2 diabetes (175,176) is incon-
sistent. Reports include results showing
increased (173,175,176,177), decreased,
and no difference (172,174) in coronal
caries prevalence or incidence in people
with diabetes compared to those without
diabetes. Noteworthy are a systematic
review (128) and a comprehensive review
(178) that both conclude the evidence for
associations between type 1 diabetes and
caries in children is inconclusive. However,
there is greater consistency in the
evidence for adults with diabetes to have

greater occurrence of root caries than
people without diabetes (174,179).

National Health and Nutrition
Examination Surveys

In the NHANES 1999-2004 representing
the U.S. population age =20 years, 14,213
individuals (representing a population of
172.4 million) had oral examinations and
11,761 were dentate (160). Remarkably,
almost three-quarters (72.7%) of the
participants with diabetes received

a referral for treatment from the oral
examiner for the most pressing treatment
needs, caries (35.8%) and periodontitis
(36.6%). Corresponding percentages

glucose values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycated hemoglobin; FPG, fasting plasma glucose.
p=0.05 compared to persons with normal glucose levels

for all participants (including those with
diabetes) were 59.3% total, with 25.6% for
caries and 24.3% for periodontitis. The
study also reported that among partici-
pants with diabetes, 57.2% rated their oral
health “poor” versus 39.1% of all dentate
participants (160). However, due to the
cross-sectional design of the NHANES, no
causality can be deducted, so it was not
possible to know whether having diabetes
or some other factors in the people with
diabetes led to the poor oral health status.

Non-U.S. Study
Japanese researchers followed 117,175
neonates and concluded that the newborn
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conditions of macrosomia (birthweight
=4,000 g) and large for gestational age
(LGA) both were associated with increased
risk of caries at 3 years of follow-up (180).
This finding is relevant because babies
born to women with diabetes often are
macrosomic or LGA.

DRY MOUTH

The term “dry mouth” can be used for
both xerostomia and hyposalivation, but
the two conditions do not necessarily
occur simultaneously. Xerostomia is

the subjective feeling of mouth dryness,
whereas hyposalivation refers to salivary
hypofunction with diminished saliva
secretion. Evidence is consistent that
reported dry mouth is more frequent

in people with type 1 (181) and type 2
diabetes at all ages than in those without
diabetes. However, the reported relation-
ship of this association to other measures
of diabetes status, such as metabolic
control and diabetic neuropathy, is not
consistent (87); some studies, however,
have reported that neuropathy in people
with type 1 diabetes is often associated
with dry mouth (181). Diabetic neuropathy
can affect the nerves that control the
salivary production (87). Consequences of
hyposalivation include diminished quality
of life; increased risk of dental caries,
gingivitis, and periodontitis; and oral
mucosal infections, especially Candida
albicans; taste and olfactory diminution;
difficulties in eating and speaking; devel-
opment of denture-related mucosal ulcers;
and difficulties in retention of upper
complete dentures (87). Moreover, people
suffering from diabetes and all patients
undergoing hemodialysis are likely to use
several medications, almost all of which
can cause dry mouth and thereby greatly
affects their quality of life (182).

CANDIDIASIS

Infection by the fungus Candida albicans
(thrush) or dormant carriage is one of the
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most commonly reported “non-dental”
oral complications of diabetes. Poor
glycemic control, with concomitant
increased levels of glucose in the blood,
saliva, and tissues, in combination with
diminished polymorphonuclear neutrophil
phagocytosis and killing capacity have
been proposed to explain Candida over-
growth in people with diabetes. Studies
indicate Candida albicans is the species
most frequently identified. There are
several risk factors associated with the
presence of Candida pseudohyphae in
adults with diabetes, including presence
of removable dentures, poor glycemic
control, and current cigarette smoking.
The largest study on the association
between diabetes and oral Candida infec-
tion and Candida lesions conducted in the
United States reported that adults with
type 1 diabetes had significantly greater
prevalence of Candida pseudohyphae

(a measure of Candida carriage) than

the comparison group without diabetes,
namely 23% and 5.7%, respectively (183).
Individuals with type 1 diabetes also

had significantly greater prevalence of
Candida-related clinical mucosal lesions,
including atrophy of the tongue dorsum
papillae, median rhomboid glossitis,
angular cheilitis, and denture stomatitis.

Studies outside the United States have
further elaborated on the presence of
Candida species. Among persons age
21-70 years with type 2 diabetes, higher
prevalence was found among those with
Alc >9%, age >40 years, men, and those
with periodontitis (184), whereas another
study found the highest prevalence in
women of all ages and in those with poor
glycemic control. Eight different Candida
species were identified with Candida
albicans most frequently present, more
often on the dorsum of the tongue than in
subgingival plaque (185). Even in predia-
betes, Candida carriage was shown to be
more prevalent than in normoglycemic

adults (186). Candida species were found
in most persons age 3—18 years, but
resulted in candidiasis only in children
with type 1 diabetes or with nephrotic
syndrome undergoing treatment with
immunosuppressive medication (187).
More information about Candida infec-
tions in persons with diabetes is available
in Chapter 30 Infections Associated With
Diabetes.

BURNING MOUTH AND OTHER
CONDITIONS CAUSED BY DIABETIC
NEUROPATHY

Burning mouth syndrome, or glossodynia,
is characterized by a chronic sensation of
burning or irritation of the oral mucosa
and/or tongue (87). It is classified as
“primary” if there is no clear clinical cause
for the symptoms (188). The “secondary”
form of burning mouth syndrome involves
presence of an identifiable cause. The
evidence suggests diabetes and diabetes-
related conditions of oral candidiasis,
xerostomia, and poor glycemic control
may be associated with burning mouth
syndrome. Burning mouth syndrome is
more prevalent in women who are experi-
encing or have experienced menopause.
For instance, in the Pittsburgh EDC study,
the investigators found being female

and having diabetes neuropathy were
significantly associated with symptoms of
burning mouth syndrome (189). Synthesis
of the literature supported diabetic
neuropathy as an underlying cause of
glossodynia in people with diabetes (87).

Additionally, this review explored the
association of three other oral conditions
with diabetic neuropathy: taste impair-
ment (dysgeusia), trigeminal nerve pain,
and temporomandibular joint disorders
(87). Evidence consistently supported

an association of diabetic neuropathy
with dysgeusia, but data were sparse to
deduce this association with the two other
disorders (87).
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CROSS-SECTIONAL STUDIES

U.S. Population-Based Studies
National Health and Nutrition
Examination Surveys

Analysis of the NHANES 1999-2004 data
investigated the influence of periodontitis,
as well as female sex, on the association
between diabetes status and dental care
visits among 8,451 dentate adults age
=25 years (190). Unlike the finding from
the National Health Interview Survey
(NHIS) 2003 of a female-specific associ-
ation between diabetes status and dental
care visits (191), described later in this
section, this study did not identify such
effect. A significantly lower percentage of
dentate adults with diabetes had a dental
visit the prior year than those without
diabetes, namely 56.8% versus 64.7%,
respectively, but this difference was

not limited to women. Similarly, having
periodontitis was not an independent
predictor of dental care in dentate people
with diabetes. The adjusted odds ratio for
individuals with diabetes having a dental
visit the preceding year were 29% lower
than those without diabetes (OR 0.71, 95%
Cl 0.5-1.00, p<0.05).

Behavioral Risk Factor Surveillance
System

Data from 105,718 dentate individuals
age =25 years including 4,605 individuals
with diabetes from 38 states who partici-
pated in the BRFSS 1995-1998 provided
several findings: 1) dentate adults with
diabetes were less likely than those
without diabetes to have seen a dentist
within the preceding 12 months (65.8%
vs. 73.1%, p<0.0001); 2) dentate adults
with diabetes were less likely to have
seen a dentist than to have seen a health
care provider for diabetes care (65.8% vs.
86.3%, respectively), and 3) for partici-
pants with diabetes, the disparity in dental
visits among racial or ethnic groups and
among socioeconomic groups was greater
than that for any other type of health care
visit, with particularly smaller propor-
tions of Hispanic and African Americans
having had dental visits (192). However,
this study found the percentage who

saw a dentist was comparable with the
percentage who had their feet examined

(67.7%) or had a dilated eye examination
(62.3%). Similarly, the estimated median
percentage of BRFSS 2004 partici-

pants age =18 years with diabetes who
reported having a dental visit during the
preceding 12 months was 67% (193). The
proportions seeing a dentist were lower
among non-Hispanic blacks, persons with
lower education and income, those who
lacked health insurance, and those who
had never attended a class in diabetes
self-management.

Another study analyzed combined data
from the BRFSS 2006, 2008, and 2010
to investigate the association between
health-related quality of life (HRQOL),
dentate status, and receipt of dental care
in adults age =65 years with diabetes
(164). The study included 70,363 older
adults with diabetes and 308,658
without diabetes. A higher proportion

of participants with diabetes reported a
significantly longer time interval since
their last dental visit or dental cleaning
than those without diabetes. For example,
within the year prior to the survey, signifi-
cantly fewer participants with diabetes
(57.1%) visited the dentist compared to
those without diabetes (69.5%). Similarly,
significantly fewer participants with
diabetes reported having a dental cleaning
in the previous year than those without
diabetes (65.0% vs. 75.5%).

National Health Interview Survey
Analysis of data from the NHIS 2003
also investigated the relation between
diabetes status and dental care visits
and compared diabetes care, foot care,
eye care, and dental care visits among
24,189 dentate adults age =25 years
with diabetes (191). Overall, 60.7% of
adults with diabetes had a dental visit the
preceding year compared to 68.0% of
adults without diabetes. Among dentate
men, there was no significant associa-
tion between diabetes status and dental
care visits, whereas dentate women with
diabetes were significantly 37% less likely
to have had a dental care visit than peers
without diabetes. Of the four types of
health care visits compared—uvisits to
providers for diabetes care, foot care, eye

care, and dental care—dentate adults
with diabetes were least likely to have had
a dental care visit in the preceding year.
The investigators also found that dispari-
ties in health care visit rates across race/
ethnicity, poverty status, education, and
private insurance categories were most
pronounced for dental care.

Additionally, an analysis of the NHIS 2008
found 52% of respondents with diabetes
versus 60.9% of those without diabetes
reported having a dental visit within the
preceding year; adults with diabetes were
almost twice as likely as adults without
diabetes not to have had a dental visit in
more than 5 years (19% vs. 11%, respec-
tively) (194).

Medicare Current Beneficiary Survey
Self-reported receipt of preventive dental
care in 2002 (N=8,725) and in 2011
(N=7,425) as reported in the Medicare
Current Beneficiary Survey among
fee-for-service Medicare beneficiaries (age
=65 years), increased from 42.9% in 2002
to 45.5% in 2011 overall (195). However,
among respondents with diabetes, the
corresponding rates rose from only 28.8%
to 36.0%, thus leaving two-thirds (64.0%)
without any dental checkup.

U.S. Non-Population-Based Studies
Another study investigated the
association of dental insurance and
annual dental visits among 20,188
dentate adults age 30—75 years with
diabetes (196). Overall, a significantly
higher percentage of participants with
diabetes who had dental insurance
reported annual dental visits than
those without dental insurance (82%
vs. 61%, respectively). There were
modest social disparities in dental
visits reported by race/ethnicity (73% of
African Americans and Latinos vs. 85%
for Chinese and Filipinos). There were
larger differences by socioeconomic
status, with a higher percentage of
participants with diabetes who earned
college degrees reporting annual
dental visits than those without a high
school diploma (86% vs. 66%), as well
as a higher percentage of participants

31-39



DIABETES IN AMERICA, 3rd Edition

with diabetes living in households with
annual incomes of 2$65,000 than

those with annual household incomes of
<$15,000 (85% vs. 59%) (196).

PERIODONTAL CARE, GLYCEMIC
CONTROL, MEDICAL CARE
UTILIZATION, AND COSTS:
INSURANCE CLAIMS DATA

In addition to population-based survey

data describing differences in dental care
utilization in individuals with and without
diabetes, a small number of studies have
investigated dental and medical care
administrative claims data from insurance
companies. Even though these data were
not collected for the purpose of research,
and data on important confounders were
not collected, these studies have provided
some additional perspectives on the impact
of dental care utilization on systemic health,
medical care utilization, and medical care
costs in people with diabetes.

A 2-year retrospective insurance claims
study among 116,306 enrollees with
simultaneous medical and dental
coverage concluded that insureds who
received periodontitis treatment (proxy for
having periodontitis) incurred significantly
higher per member per month medical
costs for diabetes care compared to those
receiving only gingivitis treatment or no
such treatment (proxy for not having
periodontitis) (197).

A cross-sectional study linking 5 years

of electronic medical record and dental
insurance claims data for patients with
diabetes investigated Alc levels among
5,103 adults age 40—70 years, comparing
those who had to those who had not

received periodontal treatment (198). The
study reported that 38% of participants
received periodontal care (i.e., had been
diagnosed with periodontitis) during the
previous 5 years. The average Alc level
was 0.08% higher in patients who received
periodontal care than in those who did
not (p=0.02). The authors attributed this
difference to likely reflect the effect of
periodontitis on Alc levels. In stratified
analyses, this association was present for
women (0.18 percentage points higher
for those receiving periodontal care,
p<0.001), but was not significant for men
(0.008 percentage points lower, p=0.86).
Individuals who received more intensive
periodontal treatment had lower Alc
levels. Intensive periodontal treatment
was defined as receiving one and two

or more surgical treatments or having a
total number of nonsurgical periodontal
visits above the median. Individuals

with more than the median number of
nonsurgical visits had a mean Alc level
of 0.13 (p=0.01) percentage points lower,
and those with one and two or more
surgical treatments had Alc levels that
were 0.25 (p=0.04) and 0.36 percentage
points lower, respectively, than individ-
uals without periodontal surgeries. The
investigators suggested their observation
of lower Alc associated with greater
intensity of periodontal treatment was
consistent with meta-analyses supporting
the concept that periodontal treatment
improves glycemic control (198).

A retrospective cohort study investigated
the effect of regular receipt of dental care
on diabetes control, diabetes-specific
emergency department visits, and diabe-
tes-specific hospital admissions among

INTERPROFESSIONAL COLLABORATION

adult members of a health maintenance
organization with type 2 diabetes who had
medical and dental insurance benefits
continuously during the 36-month study
period (199). Participants included 493
adults age 18—80 years who received
regular dental care (defined as =2 dental
cleaning visits, periodontal treatment
visits, or both during a 12-month period)
who were matched with 493 people with
diabetes who did not receive regular
dental care. Receipt of regular dental
care was associated with lower diabe-
tes-specific emergency room utilization
(OR 0.61, 95% CI 0.40—-0.92) and hospital
admissions (OR 0.61, 95% CI 0.39-0.95).
The analyses did not indicate a statistically
significant association between receipt of
regular dental care and glycemic control,
but the authors suggested receipt of
dental care may reduce diabetes-specific
health care utilization (199).

A comprehensive literature search
concluded there is almost no evidence
exploring associations between
perio-dontal disease and medical expen-
ditures related to diabetes in which
periodontal health status is assessed
applying an objective index (200).
Regrettably, the only study identified by
the search was a flawed study (201,202).
But the authors also reported their
findings regarding 359 Japanese adults
age 80 years participating in the longi-
tudinal Niigata Study. Based on clinical
periodontal examinations, they calcu-
lated the inflamed periodontal surface
area, which, in a dose-response manner,
was correlated with diabetes-related
medical expenses (200).

Given the important mutual effects of
oral health and diabetes/hyperglycemia,
it is crucial for all health professionals
to collaborate in an interprofessional,
patient-centered team approach that
includes dental care professionals

for the patient with hyperglycemia.
Potentially, such dental care providers
could even play important managerial
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roles in such teams (203,204). The
National Institutes of Health/National
Institute of Diabetes and Digestive and
Kidney Diseases focused on such inter-
professional efforts in a comprehensive
report “Redesigning the Health Care
Team: Diabetes Prevention and Lifelong
Management” (205) that includes a
description of practical approaches in

the section “Collaborative care in prac-
tice” (206).

Both dental health care providers (207)
and dental patients may be ready to
accept screening for hyperglycemia/
diabetes in the dental setting (208). In the
future, such glucose screening and moni-
toring might occur by using a noninvasive



sampling of the GCF found in the space
between the teeth and the gingiva in
patients with periodontitis, because
glycemic levels in GCF and in blood are
closely correlated (0.991) (209).

In a medical-dental research collaboration
in which a simple, nine-item questionnaire
was developed (and supplemented by
random capillary glucose levels for valida-
tion), a study was conducted in 13 private
general dental offices in Michigan among
1,013 adult, dentate patients (mean
age[+SD] 52.8[+12.7] years) who stated
they did not have diabetes. However,

30% had hyperglycemia, with more than
one-quarter (28.7%) having prediabetes
and 1.3% having type 2 diabetes (210).

Due to the shared risk factors for
periodontitis and diabetes, management
of such risks is proposed to also occur

in the dental office (14,148,211), with a
major goal being reduction of the cumula-
tive systemic inflammatory burden (212).

Medical care providers are gradually being
introduced to the notion of incorporating
awareness of the health of the oral cavity
in diabetes management as exempli-

fied by a review paper with practical
examples targeting nurse practitioners
(213). Primary care physicians reportedly
regard medical screening in dental offices
as both valuable and worthwhile (214),
whereas organizations and other authori-
ties were found to have a positive attitude,
but need more information and elevated
awareness of the concept of dental chair-
side medical screening (215).

In a novel study among 143,212 Saudi
adults (mean age[+SD] 57[+14.2] years,
range 40—84 years), the presence of a
periapical abscess was identified as a
potential sign of undiagnosed diabetes,
with recurrent periapical abscesses
occurring specifically in uncontrolled
diabetes in a dose-response relationship
with Alc levels (216). Thus, both dental
and medical care providers could use this
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sign to look for undiagnosed diabetes,
especially in older patients in whom
undiagnosed diabetes could cause severe
health consequences. Likewise, the fact
that people with diabetes consistently are
reported to have fewer teeth than their
normoglycemic counterparts (161) could
be used by all health care providers to
suspect potentially undiagnosed diabetes
and other chronic diseases, especially
cardiovascular disease.

The degree of missing teeth has been
associated with all-cause mortality and
cardiovascular mortality, as concluded
by a systematic review of cohort studies
(217). This was also shown among 500
participants in the Baltimore Longitudinal
Study of Aging (BLSA) (218). Knowing
the sign of having few or no natural teeth
could aid health professionals to identify
frailty and look closer for various health
issues related to premature mortality or a
poor longevity prognosis.

PUBLIC HEALTH SIGNIFICANCE OF THE ORAL HEALTH-DIABETES LINKS

Oral health-related quality of life is
repeatedly found to be lower in people
with diabetes. An analysis of BRFSS
2006, 2008, and 2010 data from 70,363
U.S. inhabitants age =65 years with
diabetes and 308,658 without diabetes
found that tooth loss and lack of dental
care were associated with more days
with low levels of general health in the
preceding month (164).

Both periodontitis and diabetes are
chronic, inflammation-related diseases
that share virtually the same risk factors
and often occur in the same individ-

uals, with the two diseases mutually

and adversely affecting each other in

a two-way relationship. Therefore, any
prevention or treatment provided for one
of the diseases would be expected to also
positively impact the other.

In the case of periodontitis, relatively
simple measures are available to prevent
or manage the development or progres-
sion of the periodontal tissue breakdown.
Evidence exists that nonsurgical

periodontal therapy supported by effec-
tive home oral hygiene measures, such
as tooth brushing, decreases the amount
of dental plaque and its inflammatory
responses in type 2 diabetes. In addition
to treatment by periodontists who are
dentists with several years of specialty
education, such treatment and oral
hygiene instruction can be provided by
dental hygienists, dental therapists, or
general dentists in dental offices or clinics.

Because periodontitis and diabetes
share the same risk factors, the same
individuals often have both diseases.
The prevalence pattern of both diseases
shows severe disparities, as they affect
mostly the social groups and minorities
with the least resources to cope with
these diseases and their consequences.

Screening and monitoring of diabetes

in a dental setting could be valuable for
early detection, prevention, or early treat-
ment and monitoring (219) and, hence,
improve public health beyond the health
of the oral cavity.

Actual cost savings for the U.S. health
care system were estimated for screen-
ings in the dental setting of dental patients
age =40 years for diabetes, hyperten-
sion, and hypercholesterolemia. Savings
from $42.4 million ($13.51 per person
screened) to $102.6 million ($32.72 per
person screened) over 1 year were esti-
mated (220). Over the longer term, greater
savings could be realized by prevention
and monitoring.

For 3 years, Mosen et al. followed 493 partic-
ipants with type 2 diabetes who received
regular dental care and 493 with type 2
diabetes who did not have regular dental
visits and discovered that the former group
received less diabetes-related medical care
in the form of visits to the emergency room,
as well as hospitalization (199).

In another 3-year study, the Mosen team
followed 5,216 adults who had regular
dental care and 5,216 who did not and
concluded that those who received at
least one annual dental visit had better
adherence to 7 of 11 measures contained
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in the Healthcare Effectiveness Data and
Information Set (HEDIS) (221), including
diabetes-related screening for retinopathy
and better Alc levels.

People with diabetes are consistently
shown to have less frequent dental visits
than their diabetes-free counterparts
(190,191,192,193,194), which is especially
pronounced among those who also have
chronic kidney disease (222). Hence, such
patients might benefit if medical care
providers include attainment of a “healthy
mouth as free of infection and inflamma-
tion as possible” in the management of
diabetes and properly refer the patient for
dental assessment and treatment if needed,
complete with monitoring. Likewise, the
providers of dental care can enhance the
health of their patients by being aware of
the possibility that their patients might have

LIST OF ABBREVIATIONS

undiagnosed or poorly controlled diabetes
and refer them to medical care providers for
proper assessment and follow-up.

Since controlling the cumulative load of
bacteria and its subsequent inflammatory
responses in a person’s body by cleaning the
teeth is a relatively simple and inexpensive
endeavor and because periodontitis can
have adverse impact on various potentially
fatal systemic diseases as cardiovascular
diseases and events, such periodontal
treatment could have a potentially large
impact on the health of the public.

The modeling approach applied to create the
first estimation of periodontitis prevalence
at state and local levels in the United States

aids public health surveillance efforts to iden-

tify areas with a high burden of periodontitis
(23). Thus, population groups to whom

public health efforts should be targeted

can now be better identified for preventive,
therapeutic, and management purposes.
Periodontitis is regarded as the “canary in
the coal mine” (26) namely a sign of poten-
tially grave danger, and can alert medical
care professionals to identify and manage or
treat chronic diseases and conditions early
and thereby save both human suffering and
societal expenses.

It is advisable that patient-centered, inter-
professional collaboration be conducted
by all health care providers engaged in

the health and wellbeing of their mutual
patients with hyperglycemia or at risk
thereof for the benefit of the patients, their
caregivers, and society as a whole, with
potentially immense savings in human
suffering and financial burdens for the
individuals and for the country.

Alc.......... glycated hemoglobin HR.......... hazard ratio
AAP......... American Academy of Periodontology IFG.......... impaired fasting glucose
ADS......... acquired immunodeficiency syndrome IgA/IgG ... ... immunoglobulin A/G
BMI......... body mass index IGT.......... impaired glucose tolerance
BOP......... bleeding on probing (bleeding from the pocket IMT ......... intimal-medial wall thickness
or gingival margin after periodontal probing) LGA......... large for gestational age
BRFSS....... Behavioral Risk Factor Surveillance System NGT......... normal glucose tolerance
CAL......... clinical attachment loss NHANES ... .. National Health and Nutrition Examination
CDC......... Centers for Disease Control and Prevention Survey
CHD......... coronary heart disease NHIS ........ National Health Interview Survey
Cl........... confidence interval OGTT........ oral glucose tolerance test
CRP......... C-reactive protein OR.......... odds ratio
EDC......... Epidemiology of Diabetes Complications study PPD......... periodontal probing depth
FPG......... fasting plasma glucose RCT......... randomized controlled trial
FPL ......... Federal Poverty Level RR.......... risk ratio
GCF......... gingivo-crevicular fluid SAE ......... small area estimation
HDL......... high density lipoprotein SD.......... standard deviation
HIV.......... human immunodeficiency virus SE.......... standard error
HOMA-IR..... homeostasis model assessment of insulin SHIP ........ Study of Health in Pomerania
resistance WBC......... white blood cell count
HPFS........ Health Professionals Follow-Up Study
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APPENDIX 31.1. Assessing Periodontal Disease Clinically: Terminology

A. Measuring CAL and PPD

C. Periodontal health (pristine gingiva)

Shallow gingival sulcus

Enamel

Very sparse migration of
neutrophils into sulcus

Junctional epithelium

N+— Cement—enamel
junction

Gingival connective
tissue

Cementum

Alveolar bone

Periodontal
ligament

B. Measuring CAL and recession

D. Measuring PPD, CAL, and recession

Clinical recession =1 mm
Probing pocket

depth =4 mm
So clinical attachment
loss =5 mm

-5 mm clinical

.7 attachment loss
1mm clinical - - -
recession ~4 mm probing
pocket depth

Jaw bone

CAL, clinical attachment level (“loss”)=PPD minus CEJ; CEJ, cemento-enamel junction; FMG, free marginal gingiva; PPD, periodontal probing depth; recession=CEJ minus FMG.

SOURCE: Reference 15, copyright © 2009 Wiley, reprinted with permission
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APPENDIX 31.2. Centers for Disease Control and Prevention/American Academy of Periodontology (CDC/AAP) Periodontitis Case
Definitions for Use in Population-Based Surveillance, 2012

PERIODONTITIS CASE DEFINITION CLINICAL ATTACHMENT LEVEL OPERAND PERIODONTAL PROBING DEPTH
Severe =2 interproximal sites AND =1 interproximal site
with CAL =6 mm with PPD =5 mm
(not on same tooth)
Moderate =2 interproximal sites OR =2 interproximal sites
with CAL =24 mm with PPD =5 mm
(not on same tooth) (not on same tooth)
Mild* =2 interproximal sites AND =2 interproximal sites
with CAL =3 mm with PPD =4 mm
(not on same tooth) (not on same tooth)
OR
1 interproximal site
with PPD =5 mm
No* Neither “Severe” nor “Moderate” nor “Mild” periodontitis

CAL, clinical attachment level; PPD, periodontal probing depth.
* The original 2007 CDC/AAP periodontitis case definitions (Reference 19) combined “Mild” and “No” periodontitis in one category: “Mild/No.”

SOURCE: Reference 18, copyright © 2012 Wiley, reprinted with permission
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