
IMPACT OF PERIODONTAL DISEASE ON OUTCOMES IN 
DIABETES

Kenneth Izuoraa,*, Echezona Ezeanolueb, Karen Schlauchc, Michael Neubauerd, Civon 
Gewelberd, and Guillermo Umpierreze

a Internal Medicine, University of Nevada School of Medicine – Las Vegas, Administration 
Building, Suite 300, 2040 West Charleston Boulevard, Las Vegas, NV 89102, USA

b Pediatrics, University of Nevada School of Medicine – Las Vegas, Administration Building, Suite 
402, 2040 West Charleston Boulevard, Las Vegas, NV 89102, USA

c Biochemistry and Molecular Biology, University of Nevada – Reno, Howard Medical Sciences 
Building, Suite 330, 1664 North Virginia Street, Reno, NV 89557, USA

d School of Dental Medicine, University of Nevada - Las Vegas, 1700 West Charleston Boulevard, 
Las Vegas, NV 89102, USA

e Endocrinology, Emory University School of Medicine, 100 Woodruff Circle, Atlanta, GA 30322, 
USA

Abstract

The prevalence of periodontal disease (POD) among adults aged 30 years and older in the United 

States is reported to be more than 47%, with higher prevalence seen among patients with diabetes 

mellitus (DM). POD has been associated with systemic inflammation, a known risk factor for 

cardiovascular and bone disease, both of which are more common in patients with DM. However, 

there is mixed evidence that treatment of POD reduces inflammation, improves DM control, and 

reduces DM complications. Our study objectives are to assess factors associated with POD in 

patients with DM and determine the impact of POD treatment on inflammation and bone turnover 

biomarkers associated with complications of DM.

In this pilot study, we will first recruit 200 patients with DM to complete a 48-item investigator-

administered questionnaire designed to assess socio-economic status, oral health status, adequacy 

of oral care, glycemic control and presence of DM complications. Responses will be verified by 

individual chart review. Then, using a crossover design, a subgroup of 24 subjects with responses 

suggestive of POD will be assigned to undergo POD treatment for three months followed by three 

months of routine dental care (Group 1) or be followed for three months during routine dental care 

then receive POD treatment for three months (Group 2). Outcome measures will be collected 
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before and after POD treatment and include glycemic control and inflammatory and bone turnover 

biomarkers.

We hypothesize that the prevalence of POD among DM patients will be associated with 

inadequate glycemic control and greater DM complications.

Keywords

Periodontal disease; glycemic control; inflammation biomarkers; diabetes complications and bone 
turnover biomarkers

Introduction

The 2012 National Diabetes Statistics Report estimates that 29.1 million people (9.3% of the 

U.S. population) are living with diabetes mellitus (DM) [1]. With increasing incidence and 

longer life expectancy, the prevalence of DM will double by the year 2050 [2]. The 

prevalence of periodontal disease (POD) among adults 30 years or older in the National 

Health and Nutrition Examination Survey (NHANES) is 47% [3]. A higher prevalence of 

POD is seen among patients with DM [1, 4-7]. Systemic inflammation is a common finding 

among patients with DM and POD [7-9]. The explanation for this increase in inflammation 

relates to the presence of chronic periodontal bacterial infection causing continuous release 

of inflammatory mediators in the systemic circulation [7-9]. Inflammation has been 

implicated in the pathogenesis of both cardiovascular disease (CVD) [10-12] and bone 

disease [13, 14]. There is existing evidence that links POD to adverse CVD outcomes [4, 

7-9]. Patients with POD have been reported to have higher levels of bone turnover markers 

[14]. The reasoning behind this relationship is not well understood but it has been postulated 

that chronic inflammation from POD causes increased bone loss, which is reflected in the 

biomarkers [14]. In addition, those patients with DM have an increased risk for fractures 

[15]. In spite of these findings, evidence supporting improved DM control and reduction in 

DM complications including osteoporosis after both surgical and non-surgical treatment of 

POD in patients with DM is mixed [4, 7, 16]. This may be partly responsible for the lack of 

specific guidelines and weak emphasis on prevention and treatment of POD in the clinical 

care of patients with DM [17, 18].

Our goals in this pilot study are to determine the factors associated with POD in patients 

with DM and to determine if treatment of POD in patients with DM will result in changes in 

glycemic control as well as inflammation and bone turnover markers. Our long-term goal is 

to begin to establish the necessary evidence base for development of guidelines for the 

management of POD in patients with DM that will positively impact the morbidity, 

mortality, and health care costs in this patient population.

Material and Methods

Study design

In the cross-sectional part of the study, we will administer a questionnaire (Appendix) to 200 

consecutive patients with DM (both type 1 and type 2) attending an urban medical school-
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affiliated clinic. We will collect data on demographic information, socio-economic status, 

oral health status, dental care, DM history (duration, control and complications) and bone 

health.

For the pilot intervention part of the study, a subgroup consisting of the first 24 participants 

with survey responses suggestive of POD [19-21] (i.e. one or more affirmative answers to 

receipt of deep cleaning, loose teeth, tooth sensitivity, and/or gum bleeding) will be assigned 

to two groups (group 1 will contain the odd-numbered patients, and group 2 the even-

numbered) according to their sequence of enrollment (Figure 1). Based on a simple power 

calculation, and on systemic inflammation biomarker C-reactive protein (CRP) levels found 

in Pejcic [22], sample sizes of 11 for each subgroup will enable us to detect an effect size of 

1.1 between the mean subgroup CRP levels in our study with sufficient statistical power 

(80%) at a one-sided significance level of p<0.05. Effect size is computed as the difference 

in subgroup means versus the pooled standard deviation of the two samples. Similarly, using 

the baseline diabetic control hemoglobin A1c (A1c) levels specified in Rudolph, et al. [23], 

the power calculation shows that we will be able to detect an effect size of 1.1 between 

mean subgroup A1c levels with sufficient statistical power (80%) at a one-sided significance 

level of p<0.05, using a sample size of 11 for each subgroup. This converts to an 18% 

decline in mean A1c levels before and after treatment for POD. Group 1 will receive 

intensive treatment for POD for three months followed by an observation period of three 

months with routine dental care (twice daily toothbrushing, regular interdental flossing and 

regular use of mouthwash), while group 2 will begin with routine dental care for three 

months followed by intensive treatment for POD for three months. We will compare their 

mean glycemic control, inflammation marker and bone turnover marker levels at baseline, at 

three months and at six months follow-up for both subgroups.

This study was approved by the Institutional Review Board of our institution, and the study 

protocol was registered at http://www.clinicaltrials.gov (NCT02289066).

Study population

Adult patients (18 years or older) with DM (Type 1 or 2) for at least two years who present 

for routine DM clinic visit will be approached for enrollment in the study, which will cease 

when a sample size of 200 enrollees is reached. A subgroup of the first 24 subjects with 

survey responses suggestive of POD will be selected to undergo intervention. This subgroup 

will be selected based on the following inclusion and exclusion criteria:

Inclusion criteria

• Answers on the questionnaire suggesting POD [19-21]

• At least 20 teeth in place

• On a stable treatment for their DM

• A1c between 6 and 10%

Exclusion criteria

• Treatment with anti-inflammatory medications
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• Cigarette smoking

• Treatment with thiazolidinediones

• Previous diagnosis of osteoporosis or treatment for osteoporosis with FDA-

approved agents.

• Current treatment for POD

Those subjects who are not selected for POD treatment will be given the recommendation to 

continue routine dental care per American Diabetes Association guidelines. There will be no 

study-related follow-up of subjects not in the POD treatment subgroup of 24, beyond 

completion of the questionnaire.

Enrollment process

Our clinic has more than 1000 patients being followed for their routine DM care. We will 

recruit 200 consecutive patients who present for their regular clinic visit. Informed consent 

and HIPAA authorization will be obtained during the clinic visit. Using the aforementioned 

questionnaire, we will gather the following information by interviewing the patient directly 

and through a review of their clinic charts:

• Demographic information (age, gender, race/ethnicity)

• Socio-economic status (average household income, level of education, zip codes)

• DM history (type, duration, treatment)

• Oral health history (loose teeth, dental loss, gum disease/bleeding, frequency of 

brushing/flossing/mouthwash use, frequency of dentist visits)

• Smoking status and history

• Complications of DM (retinopathy, nephropathy, neuropathy, coronary artery 

disease, stroke, peripheral vascular disease)

• Bone health (history of fractures, height loss, spine deformity, known diagnosis of 

osteoporosis)

Study procedures

After signing consent, subjects (n=200) will complete the questionnaire at the time of their 

routine DM clinic visit. Subjects with survey responses suggestive of POD (n=24) will be 

examined by a single study dentist to confirm the presence of POD before receiving 

treatment. Periodontal examination will include: clinical attachment loss (based on pocket 

depths and free gingival margin), bleeding upon probing, furcation involvement, tooth 

mobility, and panoramic oral radiographs. Final periodontal diagnosis will be determined by 

clinical attachment loss and bleeding upon probing. Treatment for POD will consist of 

scaling and root planing (subgingival curettage), removal of supragingival calculus and 

plaque, and oral doxycycline 20mg twice daily for 90 days. Additionally, any dental 

condition that might be a contributory cause of periodontal inflammation will be addressed 

per patient acceptance (e.g. extractions or endodontic emergency treatment). Periodontal 

examination parameters will be measured again at 6 weeks after initiation of treatment as 
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part of the standard of care and at three months after the completion of therapy to determine 

improvements in periodontal status. Outcomes related to this study (glycemic control, 

inflammatory and bone turnover markers) will only be measured before POD treatment 

(baseline) and after the completion of POD treatment (at 3 months and 6 months). Both 

subgroups will be provided mouthwash, toothbrush, toothpaste and dental floss samples 

during the study.

The principal investigator or study coordinator will collect fasting blood (venous) and clean-

catch urine samples from both subgroups for assessment of biomarkers at baseline, three 

months and six months of follow up, during their scheduled study visits. Samples for 

glucose will be collected using Sodium Fluoride tubes, A1c will be collected in EDTA tubes 

and the samples for the rest of the biomarkers will be collected in heparin tubes. A total of 3 

– 5 ml of blood will be collected for each of the tubes. Except for A1c samples, all other 

samples will be centrifuged with separation of the plasma. Urine samples will be collected in 

standard sterile specimen cups. All samples will be stored at -70 degrees centigrade until 

they are assayed. The biomarkers that will be measured will include:

• DM control: A1c, blood glucose and insulin levels

• Inflammation: Serum high-sensitivity C-reactive protein (CRP) and tumor necrosis 

factor alpha

• Bone turnover: Urinary C-terminal telopeptide and serum bone-specific alkaline 

phosphatase

All samples will be analyzed at the Clinical and Research Laboratory of the Division of 

Endocrinology, Diabetes and Metabolism, University of Tennessee, Memphis (http://

www.uthsc.edu/endolab/). This lab is familiar to the principal investigator and will perform 

the assays at a reasonable cost.

During the three months before (group 2) and after (group 1) intensive treatment for POD 

(i.e., the “not treated” portion of the crossover), the subjects will continue to receive 

reminders during their routine DM follow up visits to obtain regular dental care according to 

current ADA standards [17].

Participant Safety

We will explain the rationale for the study and the potential risks and benefits to all patients 

approached for enrollment. Adequate time will be given to answer all questions and to 

ensure voluntary participation. Informed consent and HIPAA authorization will be obtained 

to access the patients’ records for the study. The 24 participants in the subgroup that will be 

undergoing POD intervention will also be informed of potential additional risks and 

discomfort associated with blood sample collection and treatment for POD, including 

bruising or infection from dental cleaning, and adverse effects of doxycycline 

(photosensitivity, gastointestinal upset, blood disorders and, rarely, hepatotoxicity). There is 

also the risk of exposure to x-rays during the course of their dental evaluation. These risks 

are not more than the usual risk involved in treatment for POD outside of the research 

environment. These risks are considered to be minimal, since we will follow the standard 

evidence-based approach, as in normal clinical settings.
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The risk for the patients in the non-intervention, cross-sectional part of the study is minimal, 

as their participation is limited to completion of the questionnaire. For the group undergoing 

intervention, any unanticipated adverse events during the course of their treatment will be 

evaluated promptly in the appropriate clinical setting and will be reported to the overseeing 

institutional review board.

We will emphasize that participation will be voluntary, and patients will be assured that they 

can withdraw from the study at any time without any impact on their regular care with their 

provider. Protected Health Information (PHI) will be de-identified, and the key will be 

stored in a password- protected computer. Paper records will be stored in a locked cabinet in 

the primary investigator's office. Electronic records that need to be deleted will be 

overwritten and saved as blank files, while paper records will be destroyed using a cross-cut 

shredder. Only the primary investigator and the study coordinator will have access to PHI.

Statistical analyses

To determine whether the prevalence of POD among patients with DM is statistically 

significantly higher than in the general population, we will perform a simple hypothesis test 

of proportions. We would expect approximately 47% of the general population to have 

POD, based on the NHANES data [3]. Thus, for every 100 patients with DM enrolled, we 

expect notably more than 47 patients to have POD. A test of proportions will show whether 

this difference is statistically significant.

To determine whether biomarker levels are statistically different between the two 

intervention subgroups, standard Student's t-tests will be performed. To measure the impact 

of POD treatment on glycemic control and inflammatory and bone turnover marker levels, 

standard Student's t-tests will be performed on pre- and post-treatment biomarker levels. To 

determine which factors predict the presence of POD in DM patients, a multivariate logistic 

regression analysis will be performed on the questionnaire data, with the adjustment of the 

co-variables of age, gender, DM type, BMI, and smoking in the regression model.

Discussion

An estimated 29.1 million (9.3%) Americans were living with DM, with direct costs 

estimated at 176 billion dollars in 2012 [1]. This is an increase from 25.8 million people in 

2010 [6]. With the increasing rate of obesity in the United States, the incidence of DM is 

also expected to rise and this increase, along with the improved longevity that accompanies 

better DM care, will result in an estimated doubling in the prevalence of DM by the year 

2050 [2]. The burden of disease from the complications of DM is also expected to increase. 

Several of the complications of DM (micro- and macro-vascular) have been shown to have 

clear associations with DM control, and evidence-based interventions are available for 

prevention of these complications. However, there is less evidence of the role of POD and 

the impact of POD treatment on DM control and on preventing vascular complications and 

bone disease that are more prevalent in DM patients.

The relative risk for hip fracture in type 1 and type 2 DM patients compared to normal 

subjects at the same bone density T-score was estimated to be 6.3 and 1.7 respectively [15]. 
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Systemic inflammation is associated with increased risk for cardiovascular disease [10-12] 

but also associated with increased risk for fractures [13]. POD is associated with dental loss 

and increased systemic inflammation [7-9]. The prevalence of POD among adults 30 years 

or older in the NHANES was 47% [3]. The prevalence of POD among patients with DM is 

higher than in the general population [1, 4-7]. In non-diabetic patients, there is some 

association between POD and osteoporosis [24]. Hence, the presence of POD, with its 

associated increase in systemic inflammation, in patients with DM may be one of the 

contributing factors to the relatively higher risk for fracture found in DM patients as 

compared to normal patients.

Our study will provide initial evidence to explore the prevalence of POD in our DM patient 

population and the association between POD, inflammation and bone turnover markers in 

these patients. By first looking at a cross-section of our DM patient population, we will 

identify the disease pattern of POD among our patients across different age, socio-economic 

and ethnic groups. This information will be useful in designing future studies and effective 

implementation of interventions. Then, results from our pilot study will assist with the 

exploration of associations between different DM complications and their potential causes, 

in order to strengthen the evidence for intervention directed at these causes. This may result 

in reduction of the impact of these complications on patients with DM. With regard to oral 

health, the American Diabetes Association and the International Diabetes Federation 

currently lack specific recommendations for more aggressive oral care in patients with DM 

[17, 18]. The recommended approach for oral care in patients with DM is similar to that for 

the general population, despite the higher risk and worse outcomes associated with POD in 

DM patients. This is likely a reflection of the insufficient/mixed evidence showing benefit of 

treatment.

By demonstrating the potential impact of treatment of POD via changes in biomarkers 

following treatment, we can lay the foundation for larger randomized trials that have the 

potential of providing stronger evidence on which to base clearer practice guidelines that 

will lead to improved outcomes for patients with DM and POD.

Study Limitations

Our proposed study has several limitations. Since it is a single-site study using a sample 

population from the Las Vegas area, there is the potential that environmental factors peculiar 

to our locality may contribute to the outcomes of interest. However, because our patient 

population has similar demographic characteristics and rate of complications compared to 

national figures, we believe our findings can be generalized.

Another limitation is that changes in bone turnover markers suggest bone loss or bone 

formation but do not necessarily equate to fracture risk. A bone mineral density (BMD) 

assessment would be ideal; however, changes in BMD take longer to occur, and we are 

unlikely to observe those changes within the timeframe of a pilot study. However, we expect 

that the data from this pilot will be a useful foundation for a larger study that will look at 

bone mineral density and fractures as outcome measures.
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Lastly, our study may not achieve statistical significance with our small sample size if we 

encounter a high degree of participant attrition over the six month follow-up period. Even 

though we do not anticipate high participant attrition, we increased our sample size to 

include a 10% attrition rate. We will also carefully collect participant's contact information 

during enrollment, so as to minimize attrition. Because the participants will be followed 

regularly for their DM care, they will receive the follow-up study appointment reminders.

Current Study Status

We have enrolled 202 subjects in the questionnaire arm of the study, and, from this 

population, we have completed enrollment of the 24 subjects in the subgroup undergoing 

POD treatment. All of the subjects in this subgroup have completed the study with > 90% 

follow up rate; however, two subjects’ data will be excluded from analysis, based on 

discovery that they met exclusion criteria. Blood and urine samples have been collected for 

all completed study visits and are currently being analyzed.
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Appendix
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Figure 1. 
Flow diagram of group assignment and collection of outcome measures. DM = diabetes 

mellitus; POD = periodontal disease.

Izuora et al. Page 14

Contemp Clin Trials. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


