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ABSTRACT

Objectives: The purpose of this research was to evaluate the periodontal inflamed
surface area (PISA) in persons with clinically severe obesity with or without diabetes.
The PISA is thought of as the main contributor to any systemic inflammatory burden
posed by periodontitis. The aforementioned disease is a chronic inflammatory condition
characterized by a shift in the microbiological ecology and an increase in the
inflammatory host response. This condition may affect more than teeth and their
supporting structure. A relationship is thought to exist between periodontitis and systemic
health; thus, periodontitis is thought to be a risk factor for various disorders such as
diabetes.

Methods: This study analyzed the baseline data of individuals participating in a
prospective study investigating whether diabetes alters the subgingival microbial
composition and/or bacteria RNA expression by comparing bacteria obtained from
patients with and without diabetes both before and after bariatric surgery. Patients from
Temple University’s Hospital Bariatric Surgery Program were selected based on
inclusion and exclusion criteria for the parent study and analyzed in the present study.
Medical data including BMI, HbAlc and fasting glucose were obtained. Following the
dental examination, the periodontal epithelial surface area (PESA) affected by bleeding
on probing (BOP) was quantified. PESA and PISA for each patient was calculated (Neese
et al., 2008). Statistical analysis comparing non-diabetics and diabetics was performed
using the non-parametric Mann-Whitney U Test.

Results: Of the 8 participants, 25% were diabetic and 75% were non-diabetic. The

mean PESA was 1785.20 + 728.18 mm? and 1544.80 + 204.73 mm? in patients with and



without diabetes, respectively. The mean PISA was 875.10 + 653.50 mm? and 568.78 +
181.38 mm? in patients with and without diabetes, respectively. While both PESA and
PISA were higher among those with diabetes, the differences did not reach statistical
significance.

Conclusions: These findings suggest that the inflammatory burden posed by
periodontitis is greater in diabetics with obesity compared to non-diabetics with obesity.
A larger sample size would be required to have appropriate statistical power to confirm
the present findings. Such a study would provide a better understanding of the underlying
systemic implications of periodontitis in diabetic and non-diabetic persons with clinically

severe obesity.
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CHAPTER 1
INTRODUCTION

Diabetes is a chronic metabolic disease, which can be characterized by a lack of
insulin production by the pancreas due to destruction of B-cells (type 1 diabetes) or
results from insulin resistance as the body cannot effectively use the insulin (type 2
diabetes) (Mealy et al., 2006). Type 2 diabetes is actually the most common form, and
accounts for 90% of all diabetes cases. Since 1980, the global prevalence of the disease
has increased from 4.7% to 8.5% among adults aged 18 years and older (WHO, 2018).
Interestingly, a major risk factor for developing type 2 diabetes is obesity, which affects
over 650 million adults (WHO, 2020). The risk of a person with obesity developing type
2 diabetes is 20-fold greater (Field et al., 2001); the risk is even greater among those with
clinically severe obesity, operationalized as a BMI > 35 kg/m? (Colditz et al., 1995). A
greater BMI is associated with a larger accumulation of free non-esterified fatty acids,
increase in secretion of inflammatory cytokines and adipokines and mitochondrial
dysfunction (Levine, 2013). While the factors involved in increased insulin resistance are
still unclear, the production of adipokines, including IL-6 and TNFa, are implicated
(Krogh-Madsen et al., 2006).

People with diabetes have an increased risk of developing a number of serious
health problems. Consequently, as blood glucose levels continue to increase, this can lead
to complications such as cardiovascular disease, nephropathy, neuropathy, retinopathy,
and periodontitis (WHO, 2016). Of particular interest is periodontitis, as it described to
be the 11% most prevalent disease globally (IDF, 2020). Periodontitis is a chronic

inflammatory condition initiated by a shift in the microbiological ecology (Marsh, 1994).
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Besides the role of periodontopathogens, the host immune response is also thought to
play an important role in the progressive destruction of tissues that both surround and
support teeth (Socransky et al., 1992). However, beyond the oral cavity, periodontitis is
considered a risk factor for a broad range of systemic diseases, which includes diabetes
(Saremi et al., 2005). Periodontitis is described as the sixth major complication of
diabetes (Loe, 1993). Thus, there has been much emphasis on the two-way relationship
between diabetes and periodontitis; therefore, not only is diabetes a risk factor for
periodontitis, but periodontitis could have a negative effect on glycaemic control (Grossi
& Genco, 1998, Preshaw et al., 2012).

A fundamental feature of periodontitis is the formation of a periodontal pocket,
which can be defined as the pathological deepening of the gingival sulcus (Bosshardt.
2017). Page and Schroeder (1976) detailed the pathogenesis of periodontal disease from
the conversion of the junctional epithelium to pocket epithelium. These degenerative
alterations can be characterized by loss of connective tissue and a disruption in cellular
continuity of the epithelium (Schroeder & Listgarten, 1997). Concurrently, the epithelium
becomes thinner and ulcerated. These changes are of importance as the defense system is
compromised, and as result, provides a direct entry for bacteria to enter into the systemic
circulation leading to systemic disease. Evidence suggests that the persistence of certain
Gram-negative bacteria such as Porphyromonoas gingivalis affect the glycemic level
(Maikura et al., 2008). Furthermore, these bacteria act as a constant source of systemic
challenge, and therefore can trigger inflammatory mediators, IL-6, TNFa and IL-1 to
enter the systemic circulation, altering the metabolism of glucose (Preshaw et al., 2007,

Shi et al., 2019). Alternatively, the host inflammatory response to the bacteria or their by-
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products may be related to the pathogenesis of glycemic control and increasing the risk of
diabetic complications (Winning & Linden, 2015).

Periodontitis is associated with chronic infection and inflammation that may
induce insulin resistance and negatively impact glycemic control, which Neese et al.
(2008) defines as inflammatory burden. This burden is thought to be related to the
amount of inflamed periodontal tissue; therefore, the greater the amount of inflamed
periodontal tissue is, the larger the chances of periodontitis leading to bacteremia and
systemic inflammatory responses. Although various studies define periodontitis based on
its severity (mild, moderate or severe) or by using clinical parameters such as pocket
depth or attachment levels, the aforementioned do not measure the amount of inflamed
tissue (Neese et al., 2008). Secondary to the lack of tools to quantify the inflammatory
burden, Neese et al. (2008) proposed that by determining the periodontal epithelial
surface area (PESA) that is affected by bleeding on probing (BOP), the periodontal
inflamed surface area (PISA) can be quantified.

The currently available literature on PISA as a periodontal index suggests that it is
positively correlated with conventional periodontal classifications and with periodontal
indexes (Park et al., 2017). A PISA value of greater than or equal to 130.33 mm? is
predicted the presence of periodontitis with a sensitivity of 98% and a specificity of
100% (Leira et al., 2017). Nevertheless, the literature on PISA as an indicator of
inflammatory burden is limited; and thus, there is a lack of research on the relationship
between PISA and diabetes. As a result, the purpose of this research study was to

investigate the PISA in non-diabetic and diabetic persons with clinically severe obesity.



CHAPTER 2
MATERIALS AND METHODS
Study Subjects

This study was a subgroup analysis of data from an ongoing, prospective study
investigating whether diabetes alters the subgingival microbial composition and/or
bacteria RNA expression by comparing bacteria obtained from diabetic and nondiabetic
individuals before and after bariatric surgery. The research had been reviewed and
approved by Temple University’s Institutional Review Board.

Patients from this study population came from Temple University’s Hospital
Bariatric Surgery Program. The inclusion criteria included men and women participants,
25 to 65 years old, and BMI equal to or greater than 35 kg/m?. Diabetes was
operationalized as fasting plasma glucose equal to or greater than 126 mg/dl and HbAlc
equal to or greater than 6.75 %. The dental criteria for inclusion were a minimum of 8
posterior teeth and at least two posterior teeth with 4-6 mm periodontal pockets and two
teeth with 2-3 mm periodontal pockets.

The exclusion criteria included subjects with a diagnosis of type 1 diabetes
maturity onset diabetes of the young, or latent autoimmune diabetes in adults, daily
insulin requirements of 100 units, pregnant women (or those considering pregnancy
during the study period), women who are currently breastfeeding, history of chronic
inflammatory or autoimmune diseases or who are taking medications that affect immune
function or affect body weight such as chronic systemic steroids, individuals who are
nonambulatory (unable to walk 50 feet without assistance), currently smoke more than 10

cigarettes per day, individuals with prosthetic joints (hips, knee, shoulder, etc.) that

4



require treatment with antibiotics prior to dental probing, cardiac valvopathy in cardiac
transplant recipients, congenital heart disease repaired within the previous six months
with prosthetic material or device (whether placed by surgery or by catheter), repaired
congenital heart disease with residual defects at the site or adjacent to the site of a
prosthetic patch or device, unrepaired cyanotic congenital heart disease (include
palliative shunts and conduits).

Data Collection

As a part of standard care at Temple University Hospital for patients undergoing
bariatric surgery, pre-operative and post-operative testing was performed. The enrolled
participant’s medical history was reviewed, and laboratory values (BMI, fasting blood
glucose, HbA1c) were collected. The subject’s height was measured in centimeters (cm)
and their weight was recorded in kilograms (kg) to determine the BMI (kg/m?). A
venapuncture to obtain blood samples was also performed to produce a reading of each
subject’s fasting blood glucose and HbAlc.

Periodontal Tooth Assessment

At Temple University Kornberg School of Dentistry, a full mouth oral
examination was performed, which included dental charting of only pocket probing depth
(PPD) and recording of sites with bleeding on probing (BOP) (Newman et al., 2015) in
order to calculate the PISA (Neese et al., 2008). The dental examination was performed
by a calibrated and blinded periodontal resident (W.C.).

PPD was measured in millimeters (mm) from the gingival margin to the base of
the sulcus with a UNC-15 periodontal probe at six sites per tooth. A walking stroke was

used to locate the deepest pockets. Values were rounded up to the higher mm. The probe
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was kept as nearly as parallel to the tooth surface as possible to ensure correct
measurement. For buccal and palatal/lingual surfaces, the probe was walked up and down
along the surface between the mesial and distal line angles. The deepest measurement
was recorded as the probing depth. For interproximal sites, the probe was walked in the
sulcus as far into the interproximal contact as possible (Persson, 1991). The probe may be
tilted slightly to enable the probe to reach under the contact point (up to 30°).

BOP was assessed 30 seconds after probing each of the three pockets on the
buccal and on the palatal/lingual surfaces of each tooth. A dichotomous scoring system
was used. Yes or No for presence or absence, respectively.

Periodontal Inflamed Surface Area (PISA)

Hujoel et al. (2001) described an estimation of dentogingival epithelial surface
area (DGES) (mm?) by using polynomial formulas to relate typical root lengths (mm) to
root surface area (mm?). Based on these findings, Neese et al. (2008) constructed a
Microsoft Excel spread sheet that first calculates the PESA, which quantifies the surface
area of both healthy and inflamed pocket epithelium. The healthy pocket epithelium
contains few inflammatory cells and serves as a protective barrier against bacteria
(Takata et al., 1988). The inflamed part of the PESA may pose as an inflammatory
burden to overall systemic health. Histologic studies have demonstrated that BOP was
associated with a decrease in collagen connective tissue (Greenstein et al., 1981), thinned
or ulcerated epithelium and inflammatory infiltration (Davenport et al., 1981). PISA can
then be defined by the part of PESA that is affected by BOP. The Microsoft Excel spread
sheet developed by Neese et al. (2008) can be retrieved from the following website:

https://www.parsprototo.info.



tooth 18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 |ftooth
PPD buccal lbuccal PPD
palatinal lantinal
lingual lingual
PPD buccal lbuccal PPD
tooth 48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38 Jjtooth
tooth[__18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28 ]jtooth
surface area (mm2)| Isurface area (mm2)
2 00000100000 00000 0000000000 __0.0000 00000 00000 00000 00000 00000 L_00000 00000 00000 Q
surface area (mm2)| 0 00000 | 00000 | 00000 | 00000 [ 00000 | 00000 | 00000 Il 00000 | 00000 | 00000 | 00000 | 00000 | 00000 | 00000 0 __|lsurface area (mm2)
tooth[_48 a7 26 45 a4 43 42 a1 31 32 33 34 35 36 37 38 tooth
[PESA |[nr of sites with sop) PISA (mm2) [tooth [PESA Jlor of sites with eop. PISA (mm2) Total Epithelial Surface Area (mm2)
18 0 0.00 38 0 0.00
17 0 0.00 37 0 0.00 00
16 0 0.00 36 0 0.00
15 0 0.00 35 0 0.00
14 0 0.00 34 0 0.00 Total Periodontal Inflamed Surface Area (mm2)
13 0 0.00 33 0 0.00
12 0 0.00 32 0 0.00 00
1 0 0.00 31 0 0.00
2 0 0.00 M 0 0.00
2 0 0.00 42 0 0.00
23 0 0.00 43 0 0.00
24 0 0.00 44 0 0.00
25 0 0.00 45 0 0.00
26 0 0.00 46 0 0.00
27 0 0.00 47 0 0.00
28 0 0.00 48 0 0.00

Figure 1. Excel spread sheet used to record PISA from https://www.parsprototo.info

1. After filling in PPD measurements at sites per tooth in the Excel spread sheet, the
computer calculated the periodontal epithelial surface area (PESA) for that
specific tooth.

2. The PESA for a particular tooth was then multiplied by the proportion of sites
around the tooth that was affected by BOP, in order to determine the PISA for that
specific tooth.

3. The sum of the individual PISAs was calculated, amounting to the total PISA

within a patient’s mouth.



tooth 18 17 16 15 14 13 12 11 21 2 23 24 25 26 27 28 Jfooth
PPD buccal 3 2 3 3 2 4 4 2 3 3 2 3312 21 2 3123 21 2 312 21 2 41331 44 255 2 3 buccal  PPD
palatinal 3 25 5 3 4 333323323322 223322213323 324324423333 lantinal
lingual 2 3 4 43 43 2 2021 2[22 21321 22232233233 2 2 lingual
PPD buccal 2 1 22 1 2l 2 1.3 3 1 22 1 2 1 22 1 2[2 1 2l 2 1 22 2 3 3 2 2 buccal  PPD
tooth 8 a7 46 45 a4 3 2 a1 31 2 3 34 35 36 37 38 Jjtooth
tootl[—_18 7 6 15 14 13 2 11 21 2 23 24 25 2% 27 28 oot
surface area (mm?2) isurface area (mm?2)
" I T R0 R (132 2 G 10 .5 T 130 SRS M- 2 S 5 A G S Y5 A W W1 u
surface area (mm2)| 0 00000 | 0.0000 A7.3676 | 500548 | 425089 | 286267 | 261682 Il 281682 | 260302 | 307053 | 38.56876 | 513313 | 285505 | 00000 0 _|surface area (mm2)
tooth[—_48 a7 46 45 44 43 2 41 31 2 3 34 35 36 37 38__Jfooth

h [PESA ][ of sites with soe PISA (mm2) [ftooth. [PESA Jlor of sites with sop. PISA(mm2) |[Total Periodontal Epithelial Surface Area (mm2]
18 0 000 38 0 0.00 |
17 88.785 0.00 37 0 0.00 12573
16 [10253 3 51.27 36 |l 2855 1 476
15 76.874 3 3844 35 51.331 0.00
14 50.0556 2 16.69 34 38.587 1 643 Total Periodontal Inflamed Surface Area (mm2)
13 [|4a.468 000 33 |[39705 000
12 34.045 0.00 32 26.039 1 434 2685
11 [|31.625 000 31 |l28.168 000
21 28.719 0.00 4 28.168 0.00
22 34.045 0.00 42 28627 0.00
23 |l41.057 000 43 42509 000
24 53.069 0.00 44 50.055 1 834
25 |[73855 1 1231 45 |47.368 2 15.79
26 94.323 6 94.32 46 0 0.00
27 94.77 1 15.80 47 0 0.00
28 0 000 48 0 000

Figure 2. Example of completed Excel spread sheet used to record PISA for patient #1

Statistical analysis

Statistical analysis of the BMI, PESA and PISA between the two groups, diabetics
and non-diabetics, was performed using the non-parametric Mann-Whitney U Test. A p

value < 0.05 was considered statistically significant.



CHAPTER 3
RESULTS

A summary of the patients’ characteristics is presented in Table 1. Although both
men and women were eligible to participate in the study, all 8 participants in this sample
were women. The mean age was 39.88 £ 8.72 years; they had a BMI that ranged from
31.10 kg/m? to 52.59 kg/m?. The mean BMI was 44.63 + 5.70 kg/m? and 44.17 + 2.35
kg/m? in non-diabetics and diabetics, respectively.

The HbAlc ranged from 5.10 % to 7.10 %, and the fasting glucose ranged from
73 mg/dl to 142 mg/dl. Of the 8 patients, 2 (25 %) were diagnosed with type 2 diabetes
with a mean HbAlc of 6.70 + 0.57 % and a mean fasting glucose of 132.50 + 13.43
mg/dl. The other 6 (75 %) patients were classified as non-diabetic with a mean HbAlc of
5.63 £ 0.45 % and had a mean fasting glucose of 85.50 = 11.33 mg/dl.

Based on the dental charting, increased PPD greater than 3mm and clinical signs

of inflammation indicated by the presence of BOP, all the patients were diagnosed with

periodontitis (AAP Task Force, 2015).



Table 1. Patient characteristics

Fasting

Patient# Gender Age (kBg 1/\ﬁ112) H?(Q )IC ?Iglgc/(()ﬁ;: (Pn};:;% (Ir)lirsné)
1 F 45 37.10 5.20 91 1257.30 268.50
2 F 44 4990 6.10 80 1495.00 196.70
3 F 27 40.60 5.60 74 1733.90 459.20
4 F 26 42.98 5.10 96 1497.80 568.80
5 F 39 45.83 6.30 142 1270.30 221.60
6 F 49 52.59 6.20 99 1826.00 1429.10
7 F 46 42.51 7.10 123 2300.10 1528.60
8 F 43 44.90 5.60 73 1458.80 490.40
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A summary of the total PISA within each patient’s mouth is presented in Table 1.
Table 2 is the PESA and PISA of diabetic subjects. Table 3 is the PESA and PISA of
non-diabetic subjects. In diabetics, the PESA ranged from 1270.30 mm? to 2300.10 mm?
and the PISA ranged from 221.60 mm? to 1528.60 mm?. In non-diabetics, the PESA
ranged from 1257.30 mm? to 1826.00 mm? and the PISA ranged from 196.70 mm? and
1429.10 mm?.

Table 2. PISA of diabetic subjects

Diabetes status Patient # PESA (mm?) PISA (mm?)

5 1270.30 221.60
Diabetic
(HbAlc =6.75%)

7 2300.10 1528.60
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Table 3. PISA of non-diabetic subjects

Diabetes status Patient # PESA (mm?) PISA (mm?)
1 1257.30 268.50
2 1495.00 196.70
3 1733.90 459.20
Non-diabetic
(HbAlc <6.75%)
4 1497.80 568.80
6 1826.00 1429.10
8 1458.80 490.40
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The PESA values in non-diabetics and diabetics were a mean of 1544.80 + 204.73
mm? and 1785.20 + 728.18 mm?, respectively (Figure 3).

3000.00
2500.00

2000.00

mm?2)

1500.00

(

PESA

1000.00

500.00

0.00
Non-diabetics Diabetics

Figure 3. Comparing the mean PESA of non-diabetic and diabetic subjects. The Mann-
Whitney U value was 5.000 and the p-value was 0.857. Statistical significance was set at

p <0.05. Thus, the difference between the groups did not reach statistical significance.
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The PISA values in non-diabetics and diabetics were a mean of 568.78 + 444.28

mm? and 875.10 + 924.19 mm?, respectively (Figure 4).

2000
1800
1600
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1000

PISA (mm?2)

800
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400

200

Non-diabetics Diabetics

Figure 4. Comparing the mean PISA of non-diabetic and diabetic subjects. The Mann-
Whitney U value was 5.000 and the p-value was 0.857. Statistical significance was set at
p <0.05. Thus, the difference between the groups did not reach statistical significance.
Statistical analysis of the data was performed using the Mann-Whitney U Test and
using a p-value of 0.05. The mean BMI of non-diabetics with obesity could not be
statistically differentiated to that of diabetics with obesity, with a p-value of 1.000. The
mean PESA in non-diabetics compared to diabetics could not be significantly
differentiated with a p-value of 0.857. The mean PISA between the two groups could not

be statistically differentiated with a p-value of 0.857.

14



CHAPTER 4
DISCUSSION

The present study suggests that PISA is greater in women with clinically severe
obesity that are diabetic compared those that are non-diabetic. In the diabetic group, the
PISA ranged from 221.60 mm? to 1528.60 mm?, with a mean of 875.10 + 924.19 mm?. In
comparison to the non-diabetic group, the PISA ranged from 196.70 mm?and 1429.10
mm?, with a mean of 568.78 + 444.28 mm?. However, these differences did not reach
statistical significance.

The present findings appear to be in line with currently available knowledge about
PISA and HbAlc. In a study by Neese et al. (2009), a dose—response relationship
between HbAlc over time and the PISA in type 2 diabetics was found. In that study, the
authors had observed that an increase in PISA of 333 mm? is associated with an increase
in HbAlc by 1.0%. In contrast, Susanto et al. (2012) found that the PISA did not predict
the HbA 1c in patients with type 2 diabetes but did predict the HbA 1c in healthy patients.
Interestingly, in that same study, the extent and severity of periodontitis did not
contribute significantly as a predictor to HbAlc. Given that the PISA reflects the amount
of inflamed periodontal tissue, it was suggested that it more accurately predicts the
infectious and inflammatory burden compared to other methods used to define
periodontitis (Neese et al., 2008, Neese et al., 2018).

Although the effect of periodontal treatment on diabetic control and systemic
inflammation are unknown, the present findings are important as various treatment
studies using non-surgical periodontal therapy have highlighted a positive effect on

glycemic control and changes in clinical periodontal parameters of inflammation. For
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example, Kiran et al. (2005) found that scaling and root planning resulted in a 50 %
reduction in gingival bleeding and significant reduction in HbAlc, from 7.5 % to 6.5 %.
From the perspective of diabetes control, a 1 % reduction appears to be modest but its
impact on systemic health may in fact be more significant. To this point, Balady et al.
(2007) found that a 1 % decrease in HbAlc is associated with a 25% reduction in
mortality risk from cardiovascular diseases. Another study by Stratton et al. (2000)
estimated that each 1 % reduction in HbA1c is associated with reduction in risk of 21 %
for diabetes related deaths, 14 % for myocardial infarction, and 37 % for microvascular
complications. Therefore, there is a potential benefit of reducing the PISA and the
inflammatory burden of periodontitis through periodontal therapy. This underlines the
importance of maintaining periodontal health and the need for oral health evaluation to
become an integral part of patient care. Co-management by dental and medical teams
may be needed for those diagnosed with periodontitis, diabetes and obesity.

The limitations of this study include the small sample size that left the study
underpowered to detect statistical significance. Trends in the expected direction were
observed; however, in order to confirm these relationships, it would be necessary to
increase the power of this study by having a larger sample size. By increasing either the
entire sample size of diabetic and non-diabetic patients or by raising the non-diabetic-to-
diabetic ratio, levels of significance may demonstrate that the PISA is greater in clinically
severe obese persons that are diabetic compared those that are non-diabetic. Also, all the
patients in the present study were women, and a possible confounding variable would be
menopause status and the possible use of hormone replacement therapy that was not

controlled. Given the mean age of 39.88 + 8.72 years of the participants, a study by Shen
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et al. (2017), suggests that women with earlier menopausal age (equal to or less than
45years) is associated with a 20% increased risk of diabetes compared to the average
menopausal age of 49.5 years. A suggestion for future studies would be to increase the
sample size, control for menopause status and include men.

The advantage of the PISA index is that it can be easily applied and implemented
in a clinical evaluation as it only requires PPD and BOP as parameters. Knowing that the
inflamed epithelial surface area is of interest, it should not be important the apico-coronal
location of the gingival margin/epithelium relative to the cemento-enamel junction.
Furthermore, full mouth assessment of clinical attachment levels is time consuming and
technically demanding. The PISA also has its shortcomings as there are measurement
errors related to examiner, instrument and patients’ teeth. Additionally, the calculation of
PISA uses population based mean values of both root surface areas and root lengths, and
therefore does not take individual variations into account. Finally, PISA may not
adequately predict the probability of periodontitis to cause other diseases, such as
diabetes, even if it would be possible to measure precisely the amount of inflamed
periodontal tissue. As previously alluded to, it would be necessary to take into
consideration the presence of certain inflammatory mediators, such as IL-6, IL-1 and
TNFa, as well as certain Gram-negative oral microorganisms that have been shown to

play key roles.
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CHAPTER 5
CONCLUSION

The results from the present study may provide insight into the inflammatory
burden posed by periodontitis in diabetic persons with obesity compared to non-diabetic
persons with obesity. The PISA was greater for diabetics than for non-diabetics, but the
difference was not statistically significant. Further studies are warranted with a larger
sample to confirm this result. Additional studies are also required to better understand the
relationship between periodontitis and diabetes in general. Clarity is needed specifically
on how periodontitis may trigger or aggravate glycemic control and the mechanisms
through which this occurs. Furthermore, investigating the influence of obesity as risk
factor for both periodontitis and diabetes, and the potentially beneficial effects of weight

loss, whether through lifestyle changes or bariatric surgery would be of interest.

18



REFERENCES CITED

American academy of periodontology task force report on the update to the 1999
classification of periodontal diseases and conditions.(2015). Journal of
Periodontology, 86(7), 835-838.

Balady, G. J., Williams, M. A., Ades, P. A., Bittner, V., Comoss, P., Foody, J. M., et al.
(2007a). Core components of cardiac rehabilitation/secondary prevention
programs: 2007 update: A scientific statement from the american heart association
exercise, cardiac rehabilitation, and prevention committee, the council on clinical
cardiology; the councils on cardiovascular nursing, epidemiology and prevention,
and nutrition, physical activity, and metabolism; and the american association of
cardiovascular and pulmonary rehabilitation. Circulation, 115(20), 2675-2682.

Barnes A. S. (2011). The epidemic of obesity and diabetes: trends and treatments. Texas
Heart Institute journal, 38(2), 142—-144.

Bosshardt, D. D. (2018). The periodontal pocket: Pathogenesis, histopathology and
consequences. Periodontology 2000, 76(1), 43-50.

Colditz, G. A., Willett, W. C., Rotnitzky, A., & Manson, J. E. (1995). Weight gain as a
risk factor for clinical diabetes mellitus in women. Annals of Internal Medicine,
122(7), 481-486.

Davenport, R. H.,Jr, Simpson, D. M., & Hassell, T. M. (1982). Histometric comparison
of active and inactive lesions of advanced periodontitis. Journal of
Periodontology, 53(5), 285-295.

Field, A. E., Coakley, E. H., Must, A., Spadano, J. L., Laird, N., Dietz, W. H., et al.
(2001). Impact of overweight on the risk of developing common chronic diseases
during a 10-year period.

Greenstein, G., Caton, J., & Polson, A. M. (1981). Histologic characteristics associated
with bleeding after probing and visual signs of inflammation. Journal of
Periodontology, 52(8), 420-425.

Grossi, S. G., & Genco, R. J. (1998). Periodontal disease and diabetes mellitus: A two-
way relationship. Annals of Periodontology, 3(1), 51-61.

Hossain, P., Kawar, B., & El Nahas, M. (2007). Obesity and diabetes in the developing
world--a growing challenge. The New England Journal of Medicine, 356(3), 213-
215.

Hujoel, P. P., White, B. A., Garcia, R. 1., & Listgarten, M. A. (2001). The dentogingival
epithelial surface area revisited. Journal of Periodontal Research, 36(1), 48-55.

19



International Diabetes Federation. Diabetes complications. (2020, January 20). Retrieved
from https://www.idf.org/aboutdiabetes/complications.html

Kiran, M., Arpak, N., Unsal, E., & Erdogan, M. F. (2005). The effect of improved
periodontal health on metabolic control in type 2 diabetes mellitus. Journal of
Clinical Periodontology, 32(3), 266-272.

Krogh-Madsen, R., Plomgaard, P., Moller, K., Mittendorfer, B., & Pedersen, B. K.
(2006). Influence of TNF-alpha and IL-6 infusions on insulin sensitivity and

expression of IL-18 in humans. American Journal of Physiology.Endocrinology
and Metabolism, 291(1), 108.

Leira, Y., Martin-Lancharro, P., & Blanco, J. (2018). Periodontal inflamed surface area

and periodontal case definition classification. Acta Odontologica Scandinavica,
76(3), 195-198.

Levine, R. S. (2013). Obesity, diabetes and periodontitis--a triangular relationship?
British Dental Journal, 215(1), 35-39.

Lim, S. G., Han, K., Kim, H. A., Pyo, S. W., Cho, Y. S., Kim, K. S., et al. (2014).
Association between insulin resistance and periodontitis in korean adults. Journal
of Clinical Periodontology, 41(2), 121-130.

Loe, H. (1993). Periodontal disease. the sixth complication of diabetes mellitus.

Makiura, N., Ojima, M., Kou, Y., Furuta, N., Okahashi, N., Shizukuishi, S., et al. (2008).
Relationship of porphyromonas gingivalis with glycemic level in patients with
type 2 diabetes following periodontal treatment. Oral Microbiology and
Immunology, 23(4), 348-351.

Marsh, P. D. (1994). Microbial ecology of dental plaque and its significance in health and
disease. Advances in Dental Research, 8(2), 263-271.

Mealey, B. L., Oates, T. W., & American Academy of Periodontology. (2006). Diabetes
mellitus and periodontal diseases. Journal of Periodontology, 77(8), 1289-1303.

Nesse, W., Abbas, F., van der Ploeg, 1., Spijkervet, F. K., Dijkstra, P. U., & Vissink, A.
(2008). Periodontal inflamed surface area: Quantifying inflammatory burden.
Journal of Clinical Periodontology, 35(8), 668-673.

Nesse, W., Linde, A., Abbas, F., Spijkervet, F. K., Dijkstra, P. U., de Brabander, E. C., et
al. (2009). Dose-response relationship between periodontal inflamed surface area
and HbA1c in type 2 diabetics. Journal of Clinical Periodontology, 36(4), 295-
300.

20



Newman, M. G., Klokkevold, P. R., Takei, H. H., & Carranza, F. A. (2015). Carranzas
clinical periodontology. Missouri: Elsevier.

Page, R. C., & Schroeder, H. E. (1976). Pathogenesis of inflammatory periodontal
disease. A summary of current work. Laboratory Investigation; a Journal of
Technical Methods and Pathology, 34(3), 235-249.

Park, S. Y., Ahn, S., Lee, J. T., Yun, P. Y., Lee, Y. J., Lee, J. Y., et al. (2017).
Periodontal inflamed surface area as a novel numerical variable describing
periodontal conditions. Journal of Periodontal & Implant Science, 47(5), 328-338.

Persson, G. R. (1991). Effects of line-angle versus midproximal periodontal probing
measurements on prevalence estimates of periodontal disease. Journal of
Periodontal Research, 26(6), 527-529.

Preshaw, P. M., Foster, N., & Taylor, J. J. (2007). Cross-susceptibility between
periodontal disease and type 2 diabetes mellitus: An immunobiological
perspective. Periodontology 2000, 45, 138-157.

Preshaw, P. M., Alba, A. L., Herrera, D., Jepsen, S., Konstantinidis, A., Makrilakis, K., &
Taylor, R. (2012). Periodontitis and diabetes: a two-way relationship.
Diabetologia, 55(1), 21-31.

Saremi, A., Nelson, R. G., Tulloch-Reid, M., Hanson, R. L., Sievers, M. L., Taylor, G.
W., et al. (2005). Periodontal disease and mortality in type 2 diabetes. Diabetes
Care, 28(1), 27-32.

Schroeder, H. E., & Listgarten, M. A. (1997). The gingival tissues: The architecture of
periodontal protection. Periodontology 2000, 13, 91-120.

Shi, J., Fan, J., Su, Q., & Yang, Z. (2019). Cytokines and Abnormal Glucose and Lipid
Metabolism. Frontiers in endocrinology, 10, 703.

Shen, L., Song, L., Li, H., Liu, B., Zheng, X., Zhang, L., et al. (2017). Association
between earlier age at natural menopause and risk of diabetes in middle-aged and

older chinese women: The dongfeng-tongji cohort study. Diabetes & Metabolism,
43(4), 345-350.

Socransky, S. S., & Haffajee, A. D. (1992). The bacterial etiology of destructive
periodontal disease: Current concepts. Journal of Periodontology, 63(4 Suppl),
322-331.

Song, I. S., Han, K., Park, Y. M., Ji, S., Jun, S. H., Ryu, J. J., et al. (2016). Severe
periodontitis is associated with insulin resistance in non-abdominal obese adults.

The Journal of Clinical Endocrinology and Metabolism, 101(11), 4251-4259.

21



Stratton, I. M., Adler, A. 1., Neil, H. A., Matthews, D. R., Manley, S. E., Cull, C. A., et al.
(2000). Association of glycaemia with macrovascular and microvascular

complications of type 2 diabetes (UKPDS 35): Prospective observational study.
BMJ (Clinical Research Ed.), 321(7258), 405-412.

Takata, T., & Donath, K. (1988). The mechanism of pocket formation. A light
microscopic study on undecalcified human material. Journal of Periodontology,
59(4), 215-221.

World Health Organisation. Diabetes. (2018, October 18). Retrieved from
https://www.who.int/news-room/fact-sheets/detail/diabetes

World Health Organisation. Global report on diabetes (2016). Retrieved from
https://apps.who.int/iris/bitstream/handle/10665/204871/9789241565257 eng.pdf

?sequence=1

Winning, L., & Linden, G. J. (2015). Periodontitis and systemic disease. BDJ Team,
2(10), 15163.

22



