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Introduction
Periodontitis is a chronic inflammatory disease of the oral cavity, 

which causes destruction of the periodontium. The periodontium acts 
as the support mechanism for the teeth and is made up of cementum, 
the periodontal ligament, and alveolar bone. As the periodontium 
is destroyed, teeth may become loose and can be lost. The public 
health impact of periodontal disease is great, with nearly half the U.S. 
affected by some degree of periodontal disease.1 A major risk factor 
for periodontal disease is diabetes. Diabetes is a metabolic disease 
where those affected either do not produce insulin or are resistant to 
its action. An estimated 27.8% of individuals with diabetes remain 
undiagnosed.2 Among those aware of their diabetic status, a large 
proportion cannot adequately control their disease. Uncontrolled 
diabetes can lead to many systemic complications including damage 
to microvasculature and compromised healing. The connection 
between diabetes and periodontal disease is well documented in the 
literature.3–6 The systemic effects of diabetes increase susceptibility 
to periodontal disease, making diabetics an at-risk population 
for periodontitis. Progressive alveolar bone loss associated with 
periodontitis, if left untreated, will eventually lead to tooth loss and 
partial or full edentulism. Decreased masticatory function can have 
adverse nutritional effects including decreased vegetable intake and 
high fat, low fiber diets.7 Nutritional handicaps such as these are 
factors in the obesity epidemic in the United States.

Background

NHANES research shows nearly half of the United States adult 
population suffers from some type of periodontal disease.1 This 
corresponds to 64.7 million people with periodontitis. Moderate 
periodontitis is most common, with 30% of cases classified. Mild 
and severe periodontitis constitute 8.7% and 8.5% of the population, 
respectively.1 Rates of periodontitis were highest in men, non-Asian 
Hispanics, smokers, adults with less than a high school education, and 
adults earning below 100% Federal Poverty Levels.1

Systemic disease

Due to the importance of the host response in the protection 
from periodontal pathogens, a well-documented relationship exists 
between certain systemic diseases and susceptibility to periodontitis. 
The most well defined relationship exists with systemic diseases, 
which negatively affect neutrophils. The neutrophil is the central 
element of the host response against invading periodontal pathogens.8 
Innate or acquired defects in number and/or function of neutrophils 
reveal the importance of this cell type to the pathogenesis of 
periodontitis.9 Systemic diseases affecting the number of neutrophils 
include agranulocytosis, cyclic neutropenia, familial benign chronic 
neutropenia, and systemic lupus erythematosus, among others. 
Diseases affecting neutrophil function include leukocyte adhesion 
deficiency Type I and II, Chédiak-Hagashi syndrome, Down’s 
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Abstract

Periodontal disease is a chronic inflammatory condition and major cause of tooth loss. 
Prevalence of periodontal disease increases with age and is closely related to certain systemic 
diseases such as diabetes. Diabetes is a chronic metabolic disease with inflammation. 
Well-controlled diabetes will help to improve the periodontal condition. The objective of 
this investigation was to study the prevalence of periodontal disease in a population of 
community-dwelling adults attending an all-day diabetes awareness and education event.

Methods: Retrospective study of periodontal disease and its relationship with diabetes. Data 
were collected from attendees at the Diabetes Expo in Pittsburgh, Pennsylvania, sponsored 
by the American Diabetes Association. Comprehensive periodontal examinations were 
performed. Information on age, gender, education, smoking, diabetes, periodontal disease, 
and oral health were collected and analyzed.

Results: 206 individuals participated; 97 respondents had periodontal disease and 147 did 
not. Ninety-three (93) individuals (47.9%) without periodontal disease had diabetes and 
fifty-four (54) individuals (36.3%) did not have diabetes (p=0.847); this finding was not 
significant. Good oral health was important among the people attending this event. Those 
with good oral health had less diabetes compared to people with poor oral health: this 
finding was statistically significant (p=0.004).

Conclusion: Cross-sectional analysis of periodontal disease among community-dwelling 
diabetics revealed that individuals with diabetes who are aware of their illness and attempt to 
control their glycemic condition have less chance of having periodontal disease (p=0.847), 
with oral health an important, significant factor(p=0.004). Further prospective research with 
larger sample sizes is recommended to confirm these findings. 
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syndrome, and Papillon-Lefèvre syndrome.9 Though many of these 
diseases are relatively rare to clinical practice, they often manifest 
as severe and rapid periodontal breakdown. Another well-understood 
and well-documented relationship exists between periodontitis and 
diabetes mellitus; periodontitis has been determined a definitive 
complication of diabetes.10 Various mechanisms attempting to explain 
this relationship have been proposed and will be discussed in detail in 
a later section. Less clear relationships, particularly with obesity and 
osteoporosis, have begun to be elucidated recently. Saito et al.11 was the 
first to describe a potential relationship with obesity, discovering that 
patients with body-mass indexes (BMI) ≥30 had a relative risk of 8.6 
for periodontitis, compared to those with BMI ≤20, after adjusting for 
confounding variables. A plausible mechanism is found in the nature of 
adipose tissue as a complex and metabolically active endocrine organ, 
secreting numerous immunomodulatory factors, which may affect the 
periodontium.12 Numerous cross-sectional studies have investigated 
this potential relationship with varying results; longitudinal studies 
are needed to further investigate this potential relationship. Mixed 
results have been obtained when osteoporosis has been investigated as 
a possible risk factor for periodontal disease. Severe osteoporosis may 
be associated with less-than-favorable attachment level in periodontal 
disease.13 However, a more recent longitudinal study by Famili et al.14 
found no such association.14

Prevalence

In the United States, a total 29.1 million people or 9.3% of the 
population have diabetes.2 The prevalence of diabetes is increasing 
annually, with older individuals, Native Americans, Hispanics, 
and non-Hispanic blacks more commonly affected than younger 
individuals and non-Hispanic whites.2 The incidence of diabetes is 
also increasing, with 1.7 million new cases reported in 20122 and 1.9 
million new cases reported in 201115 compared to 1.3 million cases 
in 2003 and 800,000 in 1998.16 Of the close to 30 million cases in 
the United States, approximately 90% are Type II.4 The World Health 
Organization estimates 177 million Type II diabetics worldwide and 
predicts that number doubling by the year 2030,17 with the greatest 
numbers of new diabetics likely to occur in developing and emerging 
societies, due to the global nutrition crisis rooted dually in hunger 
and obesity. Most data estimate the prevalence of undiagnosed and 
diagnosed Type II diabetes approaches twenty %.18

Risk factors for diabetes

The risk factors for Type I diabetes are much less clear than those 
for Type II. While genetics is known to play a larger role in Type II, 
the prevalence of Type I diabetes is increased in those with a parent 
or sibling affected by Type I diabetes. According to the American 
Diabetes Association,19 if the father has Type I diabetes, the odds of 
the offspring having Type I diabetes are 1 in 17. The odds are less 
if the mother is affected. If both parents have Type I diabetes, the 
risk ranges from 1: 10, to 1 in 4. If either parent suffers from Type II 
polyglandular autoimmune syndrome, a relatively common condition 
among Type I diabetics, inherited risk for diabetes in the child is 1 in 2. 
Importantly, inherited risk alone is not sufficient to cause disease and 
requires an environmental factor such as diet or infection20 for full-
blown Type I diabetes to develop. Many hypothesized environmental 
factors, and their relationship to genetic susceptibility, are still not well 
understood. Risk factors for Type II diabetes are better understood 
and well described in the literature. Typically grouped into modifiable 
and non-modifiable, the constellations of risk factors convey a clear 
susceptibility to Type II diabetes. Non-modifiable risk factors include 
age, race, gender, and family history.21 The risk of developing diabetes 

increases significantly with age.22 Individuals of African American, 
Mexican American, and Native American descent are also at higher 
risk for developing diabetes. Importantly again, the true effect of race 
is likely confounded by other factors prevalent among these racial 
groups including obesity, smoking, and hypertension.23 However, the 
magnitude of the differences between ethnic groups when exposed to 
similar environments implies a significant genetic contribution.21 This 
genetic contribution is further reinforced by a higher prevalence of Type 
II diabetes in those who have a family history of the disease, though 
the genes involved in this susceptibility remain unknown.21 The most 
important modifiable risk factor for Type II diabetes is obesity.21 More 
than one-third of American adults and 17% of youth are overweight or 
obese.24 A longitudinal study by Chan et al.25 demonstrated obesity to 
be a powerful predictor of future Type II diabetes. Interventions aimed 
at reducing obesity have been demonstrated successful in reducing the 
incidence of Type II diabetes.21 While obesity is a personal and global 
health problem, data suggest26 that the body’s distribution of fat may be 
more important than total fat, with visceral or abdominal fat being the 
best indicator for future disease. In close relation to obesity, physical 
inactivity is also an important and independent risk factor. Studies 
have shown27,28 that for equivalent levels of obesity, higher levels of 
physical activity were related with a lower incidence of diabetes. As 
one might expect when obesity is a significant risk factor, diet and 
nutrition seem to exert influence on diabetes susceptibility, though the 
exact role of either is difficult to ascertain. It has been reported29 that a 
high total calorie and low dietary fiber intake, high glycemic load, and 
a low polyunsaturated-to-saturated fat ratio may predispose to Type II 
diabetes. Lastly, metabolic syndrome has been shown to increase the 
risk for both cardiovascular disease and Type II diabetes.30 Metabolic 
syndrome is a common presentation in the United States and consists 
of at least three of the following clinical findings: abdominal adiposity, 
low HDL cholesterol, high triglycerides, hypertension, and impaired 
fasting glucose. In a prospective cohort study with a large sample 
size,30 metabolic syndrome was associated with approximately half 
of the incident cases of Type II diabetes over an eight-year period, 
with an age-adjusted relative risk of 6.92 [95% CI 4.47-10.81]. While 
clearly many of these risk factors are interdependent, each alone has 
the ability to decrease the incidence of Type II diabetes if targeted 
in an intervention. Such interventions should be the focus of public 
health and medicine to decrease the prevalence of Type II diabetes. 

Connection between periodontal disease and diabetes

The most significant early work establishing relationship between 
diabetes mellitus and periodontal disease examined rates of both in 
a homogenous population of non-insulin-dependent diabetic Native 
Americans (Pima Indians)31–33 with Löe H10 definitively labelling 
periodontal disease as the sixth complication of diabetes. Grossi and 
Genco established in the mid-1990s34,35 that treatment of periodontal 
disease would have a beneficial effect on the Type II diabetes 
condition, reducing glycated hemoglobin; longitudinal research36 
around the same time showed that poor control of Type II diabetes 
had a positive association on the severity and extent of periodontal 
disease. This was further supported by Kaur5, who demonstrated 
that patients with poorly controlled diabetes are at greater risk 
for the development of periodontal diseases, as well as for a more 
severe disease course, than non-diabetics. The bidirectional nature 
of the relationship between the two diseases suggested by Löe was 
confirmed by Taylor in 20014. By 2005, Genco and Grossi laid 
groundwork toward defining an inflammatory model linking cytokine 
production in periodontal disease with the metabolic dysfunction 
created by obesity in diabetes.37 This model was expanded upon 
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and, more recently, three major mechanisms explaining the link 
were presented.3 First, diabetic patients display impaired neutrophil 
activity consisting of a reduced chemotactic response and decreased 
phagocytic activity.40,41 The importance of neutrophil function 
for periodontal health is well-documented and evidenced by the 
severe periodontal destruction seen in those suffering from genetic 
conditions negatively affecting neutrophil number or function. 
Increasingly in the literature, the diabetic hyper-inflammatory state 
is being elucidated. While normally pro-inflammatory cytokines such 
as interleukin-1β play a protective role, over-expression can lead to 
extensive tissue destruction.3 One study comparing the gingival levels 
of IL-1β in well-controlled and poorly-controlled Type II diabetics 
revealed significantly higher IL-1β levels in the poorly-controlled 
group.40 TNF-α has been shown to be increased in obese women,41 
demonstrating the ability of adipose tissue in Type II diabetics to 
produce another pro-inflammatory cytokine, possibly contributing 
to periodontal destruction. The final proposed mechanism centers on 
the role of advanced glycation end-products (AGE). An indicator of 
diabetic control over the long-term, these AGE have also been shown 
to lead to a hyper-inflammatory state, with increased secretion of IL-
1, IL-6, and TNF- α.42 It has also been suggested43 that AGE correlates 
with an increased level of destructive reactive oxygen species in the 
gingiva. AGE not only enhance the inflammatory response but may 
also reduce bone formation, interfering with remodeling and healing 
once periodontal treatment is completed.3 While research continues to 
unveil the details of the connection between diabetes and periodontal 
disease, these proposed mechanisms provide a valid framework for 
the interaction and underscore the importance of neutrophil function, 
pro-inflammatory cytokines and bone metabolism.

Materials and methods
Ours was a retrospective study analyzing periodontal exam data 

and diabetic health surveys collected as part of the American Diabetes 
Association Diabetes Expo in Pittsburgh, Pennsylvania, an annual 
diabetes health education and promotion event. This research was 
approved by the Institutional Review Board (IRB) of the University of 
Pittsburgh (IRB#: PRO15010133). Attendees to the Expo were given 
the opportunity to have a free complete periodontal examination as 
one of various health screenings available. Educational pamphlets 
about the relationship between periodontal disease and diabetes were 
provided to participants. Information on age, gender, education, 
smoking, diabetes, periodontal disease and oral health were collected 
and analyzed. 

Data were collected on 206 people; 47 respondents had periodontal 
disease and 147 did not have periodontal disease, periodontal disease 
being defined as probing depth 4mm or more. Ninety-three (93) 
individuals [47.9%] without periodontal disease had diabetes and 

fifty-four (54) individuals [36.3%] did not have diabetes [p=0.847 
and this was not significant]. Eighty-six (86) individuals [44.3%] with 
diabetes and without periodontal disease reported good oral health, 
versus only fifteen (15) individuals with diabetes and periodontal 
disease who reported good oral health, a difference p=0.004, which 
was significant. Education was not significant, p=0.182. Bleeding 
upon probing among both diabetics and non-diabetics with periodontal 
disease was significant, p=0.003.

Discussion
Various studies have shown the effect of diabetes on periodontal 

disease, and vice versa. One large study by periodontists and 
endocrinologists combined found that periodontal disease may 
contribute to the increased mortality rates among diabetics,44 while 
others45 have rationalized that advanced periodontitis is associated 
with higher HbA1C in both diabetic and non-diabetic individuals, 
with the effect being greater in patients with progressive periodontitis. 
Minimal evidence supports any association between periodontal 
disease and diabetes complications. No studies have considered the 
level of periodontal disease associated with a likelihood of diabetes 
complications. Periodontal disease can cause problems for patients 
with diabetes, in whom the diabetes can be more severe and progress 
more rapidly than in diabetics without periodontal disease. Control 
and prevention of periodontal disease may be more important in 
patients with diabetes. Uncontrolled periodontal disease may affect 
control of diabetes, and the opposite could be true. It is established 
that this effect can be modified by good oral hygiene and control 
of any existing periodontal disease.46,47 Results from this research 
show that not all individuals with diabetes have periodontal disease. 
In our sample of 206 individuals on whom we performed complete 
periodontal examinations,47,48 had both periodontal disease and 
diabetes, while 93 individuals with diabetes did not have periodontal 
disease, a difference was not statistically significant (p=0.847). Table 
1 shows the importance of oral health, specifically that individuals 
with good oral health have less chance of having diabetes. Periodontal 
treatment was shown to be a significant factor on the effect of diabetes 
(p=0.000). Multivariate logistical regression analysis, Table 2 is shown, 
controlling for periodontal treatment, gender, education, bleeding 
upon probing and oral health. The odds of having periodontal disease 
versus not having periodontal disease among patients with diabetes 
in our sample was 1.38, a difference not statistically significant 
(p=0.847). Results from our research show that in individuals with 
diabetes who are aware of their illness and make attempts to control 
their glycemic condition, prevalence of periodontal disease was low. 
These results however reflect only cross-sectional analysis with a 
convenience sample and the finding requires prospective study with 
larger sample sizes to confirm.

Table 1 Logistical regression test to show the association between individual covariates and the outcome of interest (gum disease) 

Characteristics 

Gum disease Gum disease

P-values Odds ratio [95% CI][No=147] [Yes=47]

Count  % Count  % 

Diabetes 

0.847 0.935 [0.475, 1.84]
Yes 93 47.9 29 14.9 

No 54 36.3 18 9.3 

Missing 3 
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Characteristics 

Gum disease Gum disease

P-values Odds ratio [95% CI][No=147] [Yes=47]

Count  % Count  % 

Oral health 

0.004 0.51 [0.320, 0.800]

Good 86 44.3 15 7.7 

Fair 45 23.2 23 11.8 

Poor 16 8.2 9 4.6 

Missing 12 

Gum bleeding 

0.003 2.8 [1.43, 5.50]
Yes 45 23.2 26 13.4 

No 102 52.6 21 10.8 

Missing 3 

*Gum treatment, oral health, gum bleeding are statistically important for predicting the outcome variable

Table 2 Multivariate logistical regression 

Gum disease Odds ratio Standard error Z value P>|z|  [95% confidence interval]

Anticenter 2.32 1.41 1.38 0.167 [0.704. 7.61]

Aumtcenter 22 12.1 5.62 0 [7.49, 64.6]

Gender 1.02 0.454 0.04 0.969 [0.425, 2.44]

Education 0.71 0.134 -1.81 0.071 [0.490, 1.03]

Diabetes 1.38 0.616 0.72 0.471 [0.575, 3.31]

Gumbcenter 1.77 0.77 1.31 0.19 [0.754, 4.15] 

Mouth rinses 1.3 0.255 1.34 0.18 [0.886, 1.91] 

Oral health 0.512 0.151 -2.26 0.024 [0.294, 0.918]

Cons 1.03 1.17 0.03 0.977 [0.111, 9.58]

*Controlling for Gum treatment, Antibiotic, Gender, Education, Gum bleeding, Mouth rinses and oral Health, the odds of having gum disease vs. not having gum 
disease in patients with diabetes is 1.38 

Table Continued...

Conclusion
Retrospective study of periodontal disease among community-

dwelling diabetics in this research shows that individuals with 
diabetes who were aware of their illness and made attempts to control 
their glycemic condition had less chance of having periodontal 
disease (p=0.847) and overall better oral health (p=0.004). Further 
prospective research with a larger sample size is necessary to confirm 
this finding. 
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