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Abstract

Type 2 diabetes (T2DM) is a risk factor for periathl disease, however the
pathogenic links between the two disease are mopladely understood. Both diseases
are considered to be inflammatory conditions anekefore, cytokines are likely to play
a role in the shared susceptibility between thedwseases. Therefore, the study
evaluated, longitudinally over 12 months, the impdgeriodontal therapy on clinical
outcomes, glycaemic control, hsCRP, lipids andlland systemic levels of IL-6, TNF-

a, IL-1p and IFNy in patients with T2DM.

101 T2DM and 83 non-diabetic subjects were reatuaied, of these,
periodontitis was diagnosed in 47 T2DM and 48 niabekic subjects. Pre-treatment,
subjects with T2DM had significantly higher BMI asinificantly lower systolic BP
and cholesterol compared to non-diabetic subj&strum levels of TNFe, IL-1p and
IFN-y were significantly higher in subjects with T2DMmapared to non-diabetic
subjects. Regardless of diabetic status, GCF dndsalevels of IL-13 were

significant predictors of the clinical periodontaindition.

In T2DM and non-diabetic subjects, all clinical ipelontal outcomes were
significantly improved at 3, 6 and 12 months follogrNSM and both groups
demonstrated significant reductions in GCF Ridvels at 3, 6 and 12 months. In non-
diabetic subjects, a significant reduction in nobtHand cholesterol was seen 6 months
after NSM. In subjects with T2DM, serum TNFwas significantly reduced 3 and 6
months after NSM. In subjects with T2DM, HbA1c steal0.45% and 0.40%
reductions at 3 and 12 months after NSM, althobglsé reductions did not achieve

statistical significance.



Abstract XVII

In conclusion, periodontal therapy led to signifiteeductions in GCF ILfin
all subjects, and also produced a significant reédngn circulating levels of TNFexin
subjects with T2DM. Furthermore, ILB1n saliva and GCF appear to be good

prognostic markers for periodontitis regardlesdiabetes status.
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1 Introduction 1

Chapter 1 Introduction

1.1 Periodontal disease

1.1.1 Definition and classification of periodontal diseas

Periodontal disease is a bacterially-induced cleroriflammatory disorder
affecting the supporting structures of the teettcuinulation of bacterial plaque and
the development of a dysregulated, destructive inmsiune-inflammatory response
leads to pocket formation, loss of connective gsstiachment, alveolar bone

destruction and tooth loss.

A classification for periodontal disease is necgssaorder to provide a
framework for both the effective clinical manageineinpatients and the
implementation of robust research methodologies. @fovision of a clinical diagnosis,
based on a widely accepted classification systemleg the allocation of treatment. In
this way, a classification provides the basis liar differentiation of clinical treatment,
influencing the way in which patients are managgnilarly, a classification system
used for research, allocates subjects into groapsdon the presence or absence of
disease. This also affects the clinical managermithie patient but importantly may
also influence the conclusions drawn from resedrcthis way, the dogma relating to
the aetiology, pathogenesis and management ofdmerial disease is intimately

influenced by the classification of periodontaledise within research studies.

In line with developments and changes to the unaieding of the aetiology and
pathogenesis of periodontal disease, a classdicatystem for periodontal disease must

be revised and updated. Published classificatiolhsibest represent a consensus view
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of experts within the field of periodontology. Cently, well recognised criteria are

available to assist in the clinical managementatigmts (Armitage, 1999).

The current clinical classification system was fatated and published over a
decade ago following the International Workshopad@lassification of Periodontal
Disease and Conditions (Armitage, 1999). This esitenand detailed classification
system, although cumbersome, provides clinicianl aiway to begin to organise the

healthcare needs of patients (Table 1.1).

With regards to the classification of periodontakedse for research there is,
however, a lack of consistency within the literatof what constitutes periodontal
disease. Some studies have very low thresholdsefiiming the presence of
periodontitis whereas others have much higher ttimles. The recognition of the need
for a clear definition of what constitutes a pedothl case for research purposes is not
new. Indeed, two separate criteria for periodocdale definition have been proposed by
two different working groups (Table 1.2), firstthe 5" European Workshop in
Periodontology (Tonetti and Claffey, 2005) and seltp the American Academy of
Periodontology (Page and Eke, 2007). However, isistent use ensures this continues
to be a contentious and currently unresolved ig8lgesel and Kocher, 2009; Preshaw,

2009).
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Table 1.1

Overview of the classification of pericohtal diseases

Gingival Diseases

A. Dental plaque-induced gingival diseases

B. Non-plaque-induced gingival lesions

. Chronic Periodontitis

lll.  Aggressive Periodontitis

IV. Periodontitis as a Manifestation of Systemic Dissas

V. Necrotising Periodontal Diseases

VI. Abscesses of the Periodontium

VIl. Periodontitis Associated with Endodontic Lesions

VIIl. Developmental or Acquired Deformities & Conditions

The classification of periodontal disease and domtb provides a framework for
management of patients and case definition forarebepurposes. The table shows a
classification of periodontal disease that is medifrom the International Workshop
for a Classification of Periodontal Disease and ditions (Armitage, 1999).

Table 1.2

Case definition of periodontal disease iresearch

5" European Workshop
(Tonetti and Claffey, 2005)

American Academy
(Page and Eke, 2007)

Incipient / moderate Presence of proximal
periodontitis attachment loss of 3mm in>2
non-adjacent teeth.

Substantial / severe Presence of proximal
periodontitis attachment loss &f 5mm in
>30% of teeth present.

Presence ot 2 interproximal
sites with attachment loss of
>4mm (not on same toothy
> 2 interproximal sites with
probing depthg 5mm (not
on same tooth).

Presence ot 2 interproximal
sites with attachment loss of
>6mm (not on same tooth)
and > 1 interproximal site
with probing depths 5mm

Currently within the published literature a lackaoinsistency exists with regards to the
definition of what constitutes a periodontal cadee table shows two different case
definitions of periodontal disease that have beepgsed for use in research (Tonetti

and Claffey, 2005; Page and Eke, 2007).
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Although, both these case definitions use losstathment (LOA) at
interproximal sites of non-adjacent teeth as thenmmeasurement, there is recognition
that periodontal disease cannot be detected byurerasnt of a single variable. LOA,
whilst a measure of cumulative lifetime experienteeriodontitis, provides little
information of the current condition of the periodlal tissue attachment loss and
therefore, must be supplemented by additional nteasents of bleeding on probing
and probing depth. In addition, both criteria reuieg the need to take into account the
potential error inherent in measuring attachmess,|to avoid including cases without
periodontitis. Thus, the threshold for interproxih®A was set at 6 mm (Page and

Eke, 2007) o 5 mm (Tonetti and Claffey, 2005).

Given that the American Academy of Periodontologigginition of ‘severe
periodontitis’ only requires a minimum of two teetith 6mm attachment loss and one
tooth with a probing depth of 5 mm (Page and ER@,72, it would seem possible that
based on this definition, a subject could be inetlithto a study with only minimal
levels of disease or attachment loss caused byamging restorations or the distal
aspect of second molars where a third molar has &eeacted. Obviously, having a
high threshold of inclusion into a study must beglied against an ethical issue of
missing periodontal cases, however, if the main@fie periodontal case definition is
to provide a robust basis for research, thereclsea need to ensure that the cases that
are included within studies have suitable leveldiséase to ensure valid conclusions
can be made. With regards to identifying subjedth substantial extent and severity of
periodontal disease, it would appear that tA&Bropean Workshop in Periodontology
(Tonetti and Claffey, 2005) provides more robustusion criteria, requiring subjects to

have interproximal attachment loss>05 mm in> 30% of teeth present.
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To supplement conventional classification of peoiaidl disease, studies
investigating the links between periodontitis agstemic disease have also attempted
to quantify the surface area of inflamed periodbigaue using clinical attachment
level, recession and bleeding on probing (BOP) ¢elgt al., 2001), with previous
studies using calculated values for periodontahetial surface area (PESA) and
periodontal inflamed surface area (PISA) to inygzde the condition of the periodontal
tissues (Nesset al., 2008; Nesset al., 2009). In this way, quantifying periodontal
disease on a continuous scale not only avoidsdbefian arbitrary cut off point for
periodontal case definition but also fits withire thiological model that the greater the
inflammatory burden from the periodontal tissubs, greater the contribution to

systemic conditions beyond the oral cavity (D'Aigtal., 2004; Nesset al., 2009).

In a recent study, the accuracy of periodontitessptence determined by partial
mouth periodontal examinations compared to full thogold standard’ periodontal
examinations was evaluated. It was found that #régh examinations substantially
under-estimated the prevalence of periodontal desbg at least 50%, leading to high
levels of misclassification of periodontal casekglgt al., 2010). Furthermore, the
impact of using different periodontal definitionaswecently investigated within a
study that reanalysed data from a cohort study266Jpregnant women (Manau et al.,
2008). Within the original study, logistic regressianalyses for variables influencing
adverse pregnancy outcomes showed that after ajuist confounding variables, a
statistically significant association was foundivieen preterm birth and the presence
of periodontal disease (odds ratio 1.77; 95% cemie interval: 1.08-2.88) (Agueda et
al., 2008). Within the reanalysis of data, 14 ddfa periodontitis definitions were
applied. Using the same analysis, only 5 of théeted definitions of periodontitis

resulted in a statistically significant associatwith premature birth (Manau et al.,
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2008). This clearly shows that the variation in ®datios can be attributed to the use of
different definitions of what constitutes a periathd case, thus, highlighting the
importance of having a robust and widely accepefthiion of periodontal disease for
research. In addition to ensuring valid conclusicers be drawn from individual

studies, this will also facilitate meta-analysestoidies, allowing more powerful

conclusions to be drawn from a body of publishesagch.

1.1.2 Epidemiology of periodontitis

Epidemiological studies over the past twenty yéange attempted to provide
information concerning the extent and severity toolw periodontal disease affects the
population. The most recent 2009 UK Adult Dentahltte Survey (ADHS) reported
that approximately 66% of the adults aged 55 amdalhave moderately advanced
chronic periodontitis (with attachment lasg mm) and 25% have severe periodontitis
(attachment loss 6 mm) (White et al., 2011). This highlights thatipdontal disease
remains common at a low level, with more severeatie concentrated in a relatively
small proportion of the UK population (Steele aridS0llivan, 2011). The same study
found that visible plaque and calculus were prese66% and 68% of adults,
respectively (Chadwickt al., 2011; Steele and O’ Sullivan, 2011). Similar dzdae
been reported in studies in different populatidrm. example, a study of 7,447 dentate
individuals in the USA found that, whilst over 9@opeople aged 13 or over had
experienced some loss of attachment, only 15% érldilnore severe destruction
(attachment loss 5 mm) (Brown et al., 1996). A study of Tanzanidulés found that,
whilst there were abundant plaque and calculussiepavith ubiquitous gingivitis,
pockets > 3 mm and attachment loss > 6 mm occuatrexss than 10% of tooth
surfaces. In addition, 75% of the tooth sites aitiachment loss 7 mm were found in

31% of subjects (Baelum et al., 1986).
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Data from a large study of 9698 subjects in the U$#ng pre-defined criteria
for case definition, supports the view that althHoagld periodontitis is widespread,
moderate to severe periodontitis affects a relbtismall proportion of the population
3.1-9.5% (Albandar et al., 1999). Interestinglywever, a different study of 853
dentate individuals in Brazil employing full moyphobing assessments at six sites per
tooth (Susin et al., 2004) reported a much highevadence of advanced periodontal
disease, with 52% exhibiting severe destructiora¢ament loss 7 mm). Also, a more
recent epidemiological study indicates that sileet980s, the prevalence of severe
periodontitis in the USA may have decreased froBdorto 4.2% (Borrell et al., 2005).
Despite this being lower than the prevalence eséisimr advanced periodontal disease
cited in the 1950s and 1960s (Marshall-Day etl@55), it still represents a significant
number of adults who suffer from periodontal diseasd who may ultimately

experience tooth mobility and tooth loss.

Differences between prevalence rates for periodidiigaase reported over the
last 60 years may be related to methodologicaéfices, for example, full mouth
versus part mouth assessments and the use of yaase definitions. There have also
been clear improvements in periodontal health amem® and improved provision of
dental care (Steele and O’ Sullivan, 2011). In &olalj within Western populations, the
last 40 years has seen a decline in the perceafgmople who smoke (Pierce, 1989;
Molariuset al., 2001). Given the importance of smoking as afaskor for periodontal
disease (Kinane and Chestnutt, 2000) with 50% nbgental disease being attributed
to smoking (Tomar and Asma, 2000), it is likelytthaeduction in the number of

smokers will have contributed to decreasing prexadeaates of periodontitis.

Data gathered from large cross-sectional studies Bhaaped our understanding

of the prevalence of periodontal disease in thaufadion. Notwithstanding the impact
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of methodology and disparities in the definitionpefiodontitis, it would appear that
whilst gingivitis and mild-moderate periodontitieaelatively common, severe
periodontitis is less prevalent, usually not exaegd 0% of the population, despite

plague being a common finding in the majority obpie.

1.1.3 Pathogenic mechanisms in periodontitis

Within periodontitis, the microbial dental plaquefiim initiates a host
inflammatory immune reaction within the periodorttasues. The inflammatory
reaction is not only visible clinically in the affied periodontium but the
histopathological features have also been wellriteestt (Page and Schroeder, 1976).
Within the periodontium, the inflammatory and imneysrocesses primarily function to
protect the tissues against microbes and theiryatsdwhich persist on the tooth
surface within a complex biofilm community. The hdsfence reactions, however, also
cause damage within the surrounding tissue, cautinig to the tissue destruction

observed in periodontitis.

1.1.3.1 Initiating role of dental plaque biofilm

Dental plaque is a microbial biofilm. Biofilms adefined as “matrix-enclosed
bacterial populations adherent to each other and/surfaces” (Costertoet al., 1994,
Socransky and Haffajee, 2002). Oral bacteria bonal pellicle formed from saliva and
gingival crevicular fluid and to one another inighty specific succession of species. In
periodontally healthy sites, the dental plaqueilmotonsists mostly of Gram-positive
bacterial species, with approximately 15% Gram-tiegapecies found and, in
contrast, periodontally diseased sites show areass in the proportion of Gram-
negative species to up to 50% (Tanner et al., 199&ompanying this compositional

microbial transition from health to disease isragrease in total bacterial numbers from
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approximately 16-10° bacteria during health, $20° during gingivitis and escalating as

high as 18-1¢® during periodontitis (Tanner et al., 1996).

It is widely accepted that bacteria in the dentatjpe biofilm initiate the
inflammatory immune response seen within the perdal tissues. However, not all
dental biofilms result in periodontal destructiarddo highlight this a consensus report
of the 1996 World Workshop on Clinical Periodontcscluded thaPor phyromonas
gingivalis (P.gingivalis), Aggregatibacter actinomycetemcomitans (A.
actinomycetemcomitans) (previously known agctinobacillus actinomycetemcomitans)
andTannerella forsythia (T.forsythia) (previously known as Bacteroides forsythus)
should be considered as major periodontal patho@&mbon, 1996) with the
subsequent recognition thatisobacterium nucleatum (F. nucleatum) is also part of this
group (Teles et al., 2006). Indeed, molecular tephes and cluster analysis of
subgingival plaque have demonstrated that certsniss frequently occur together in
‘complexes’ (Figure 1.1) and confirmed a strongraggion betweeR.gingivalis
(described as a red complex microorganism) andedqeprket depths and increased
levels of bleeding on probing in periodontal digeéSocransky et al., 1998). In a
further study, plaque samples from patients withiqaentitis tend to contain an
increased proportion of red and orange complexisp@t bacteria compared to plaque
from periodontally healthy patients (Ximenez-Fygteal., 2000). In addition, the
relationship between orange and red complex speliresal measures of periodontitis
is also mirrored for supragingival plaque sampléafiajee et al., 2008). However,
these named periodontal pathogens have also bésstetkin periodontally healthy
subjects (Loomer, 2004; Sanz and Quirynen, 2008hlighting the complex interplay
between the bacterial challenge and the host regpiiat is involved in periodontal

disease.
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Figure 1.1  Overview of microbial Complexes in subgingival plage
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Certain microbial species in subgingival plaqueehbgen found to frequently occur

together in ‘complexes’ The figure shows a diagratical representation of these

‘complexes’ (Socransky et al., 1998).
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The dental plaque biofilm provides a diverse sowfcantigens, including
lipopolysaccharides (LPS), leukotoxin, lipoteichamid and peptidoglycan, fimbriae
and extracellular enzymes (Traesal., 1997; Fives-Tayloet al., 1999). This bacterial
challenge causes direct damage and stimulatestheme-inflammatory response
within the periodontal tissues. For example, cystgiroteinases (gingipains) produced
by P.gingivalis contribute to tissue destruction and facilitate ithvasion of bacteria
into the host tissues (Genepal., 1999; Imamura, 2003; Andriaaal., 2004),
additionally, LPS of gram-negative bacteria, sugR.gingivalis, stimulates the host

response via specific host receptors (Dixon eR804).

Clearly, studies over the past 20 years have cuefirthe initiating role of
bacteria in the pathogenesis of periodontal disedseastifying a limited number of
specific bacterial species that have been assdaidth severe disease (Tanmeesl.,
1996; Socransksgt al., 1998). However, differences in disease experiéeteeen
individuals are not always matched with microbiatad factors and individuals may
harbour organisms without showing progressive plerdal destruction (Cullinan et al.,
2003). Therefore, although periodontitis appeatsetoelated to the presence of certain
pathogenic species in the subgingival microfloracf@nskyet al., 1998; Haffajeet al.,
2008) the presence of a pathogenic microflora aigmesufficient to cause periodontal
disease. The bacteria-host interaction and theaafithe subsequent host immune-
inflammatory response play a critical role in tleelopment and progression of

periodontal disease.

1.1.3.2 Host response

The histological characteristics of the inflammattbat develops in the
periodontal tissues following the formation of dtental plague biofilm has been well

defined (Page and Schroeder, 1976). Blood vess#isthe periodontal tissues dilate,
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become more permeable, fluid and migrating defeetle accumulate within the
tissues at the site of infection. In an attempetnove the bacterial challenge, large
numbers of neutrophils and later lymphocytes acdataun the periodontal tissues and
migrate through the junctional epithelium into pregiodontal pocket (Page and
Schroeder, 1976). The persistence of the dentguplaiofilm, however, leads to a
continuing cycle of microbial challenge and ho$taimmatory immune responses.
Therefore, in addition to the tissue damage cadsedtly by bacteria, resident tissue
cells and infiltrating host defence cells contrédtd connective tissue breakdown and

alveolar bone loss (Bartold and Narayanan, 2006).

In vitro experiments indicate that host cells regpto bacteria by activating
intra-cellular signalling pathways leading to cyiteksecretion (Handfield et al., 2008).
The activation of the host response to the demagjye biofilm is dependent on the host
cells’ ability to recognise the presence of baatand their products. A diverse
collection of specific host receptors enables kells within the periodontal tissues to
recognise microbe-associated molecular patternsMM#). Consequently, the host is
able to orchestrate an immune-inflammatory resptimetereflects the bacterial
challenge (Dixon and Darveau, 2005). Examples ofMIP&, important in periodontal
disease pathogenesis, include bacterial LPS artafiimwhich are recognised via
receptors such as soluble LPS binding protein, manghassociated CD14 and Toll-

like receptors (TLRS).

In vitro experiments have shown that whole peridgdbbacteria stimulate the
secretion of a range of pro-inflammatory cytokisash as IL-&, IL-1p, IL-6, IL-8 and
IL-12 (Sandrost al., 2000; Kusumotat al., 2004). Furthermore, activation of TLRs by
periodontal pathogens has been shown to induceliase of a similar range of

inflammatory cytokines and antimicrobial proteingmh host cells (Jotwarst al., 2003;



1 Introduction 13

Dixon et al., 2004; Eskamt al., 2007; Eskamt al., 2008), highlighting the important

role of host cell receptors in the inflammatory iomme response within periodontal
disease. Therefore, the activation of specific pemes by bacterial MAMPs allows the
periodontal tissues to direct an inflammatory-immuesponse that is appropriate to the
bacterial challenge present within the dental ptglgjofilm. It is however paradoxical
that these defensive processes result in the magdrtissue damage leading to the

clinical manifestations of periodontal disease.

Neutrophils [polymorphonuclear leukocytes (PMNsH eritical components of
the innate immune system and are essential to anaipériodontal health in the face of
a constant bacterial challenge from the dentalygdmjofilm. PMNs serve a protective
function through their ability to phagocytose aritirkicroorganisms. The vital role of
PMNSs in innate immunity is highlighted by congehdafects such as Chediak-Higashi
syndrome and leukocyte adhesion deficiency syndrame&hich genetic abnormalities
alter PMN functional responses, leading to recumaisrobial infection and also severe
periodontal disease (Lekstrom-Himes and Gallin,020Blowever, along with
protecting the periodontium from microbial invasi®MNSs release potent lysosomal
enzymes, cytokines and reactive oxygen species JR@8can be destructive to the
periodontal tissues (Van Dyke and Vaikuntam, 12@hnstonet al., 2007).
Furthermore, it has been suggested that contrigptiithe destructive process in
periodontitis is neutrophil hyperactivity leadirggdverproduction and release of
antimicrobial and potentially tissue-damaging re@cbxygen species (ROS)
(Fredriksson et al., 2003). In the absence of exoge stimulation, peripheral blood
neutrophils from persons with chronic periodontitesnonstrate an increase in

extracellular ROS release in vitro (Matthews et2007).
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The persistent nature of the dental plaque biofésults in the activation of the
adaptive immune response, leading to the recruitfi@md B cells into the periodontal
tissue (Page and Schroeder, 1976). An appropritgti&e immune response to the
continued microbial challenge relies on a balargrediuction, by the host tissues, of
different subsets of T cells. The production of Tells leads to cell mediated immune
response, with the activation of macrophages aadhttuction of B cells to produce
opsonising antibodies, which facilitates bactekiling. On the other hand, the
production of predominately Th2 cells provides humabimmunity, with activation of

B cells to produce neutralising antibodies.

Th1l and Th2 cells release different but overlapiets of cytokines, however,
despite extensive research, the contribution dééiht Th1l and Th2 cells populations
to periodontal destruction has yet to be clearijnge. Some studies support the
hypothesis that Th1l cells are associated with stabtiodontal sites and Th2 cells are
associated with disease progression (Gemmell apth@e, 1994; Bartovat al .,

2000). However, other studies have reported a pnednce of Thl responses or
reduced Th2 responses in periodontal disease (&alkj 1998; Takeichet al., 2000).

In addition, there are studies demonstrating tkieliement of both Th1l and Th2 cells

in periodontal disease (Gemmetlal., 1999; Berglundtet al., 2002). Despite a lack of
consensus about the role of different T cell pojpara in periodontal tissue destruction
it remains clear that the balance of cytokinesdpoed by the innate and adaptive
Immune responses, within inflamed periodontal #ssig a contributing factor in
whether the disease remains stable or leads togesign and tissue destruction (Okada

and Murakami, 1998).
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1.1.3.3 Cytokines

Cytokines are central to the pathogenesis of manynec inflammatory
diseases, including periodontal disease (SeymaiiiTaglor, 2004). Within the
periodontal tissue, cytokines are produced not bglhnfiltrating host defence cells,
such as lymphocytes, macrophages and neutrophidmuby resident periodontal
tissue cells, such as epithelial cells and fibrsfslg§Takashiba et al., 2003). Many
cytokines are self-regulatory, able to induce tl&mn expression in an autocrine or
paracrine manner and have pleiotrophic actions immaber of cell types. Cytokines act
on their target cells by binding to specific recgptand initiating intracellular
messengers resulting in phenotypic changes indheia altered gene regulation

(Birkedal-Hansen, 1993; Taylet al., 2004).

In addition to their involvement in the host respemagainst the microbial
challenge of the dental plaque biofilm, cytokines also able to mediate connective
tissue and alveolar bone destruction through tdedtion of fibroblasts and osteoclasts
to secrete tissue degrading enzymes (Bartold anayldaan, 2006). Therefore,
although primarily involved in protection, it cae been that cytokines, for example
interleukin-1 beta (IL-f), tumour necrosis factor alpha (TNifand interleukin-6 (IL-
6), have biological activity that underpin tisswthge in chronic inflammation,

including periodontitis (Okada and Murakami, 1998).

The key role that cytokines play in the host inflaatory-immune response in
periodontal disease is supported by the analydmsiofan samples as well as studies in
animals (Gemme#t al., 1997; Landet al., 1997; Okada and Murakami, 1998). Despite
the complex nature of the cytokine response thiatvislved in both the maintenance of
periodontal health and periodontal tissue deswucit is possible to identify cytokines

that appear fundamental to this host responseeX¥ample, pro-inflammatory



1 Introduction 16

cytokines, such as ILfland TNFe have an important role in the initiation, regudati
and perpetuation of innate immune responses (Balkidensen, 1993; Alexander and
Damoulis, 1994). Early studies of human periodoti$alue biopsy samples highlight
the importance of both ILfland TNFe (Honiget al., 1989; Stashenket al., 1991b),
with higher levels of IL-f and TNFe in periodontal disease sites compared to healthy
sites (Stashenko et al., 1991b) and higherflleVels in samples from sites undergoing
active attachment loss in comparison to stableadissites or healthy sites (Stashenko
et al., 1991a). Furthermore, studies have founctased levels of IL{lin gingival
crevicular fluid (GCF) in samples from subjectshwieriodontitis (Preiss and Meyle,
1994; Figueredet al., 1999; Engebretsast al., 2002; Zhonget al., 2007) and

following non-surgical periodontal therapy, impravents in periodontal health are
accompanied by statistically significant reduction&CF levels of IL-B (Engebretson

et al., 2002; Thunelkt al., 2010).

As a pro-inflammatory cytokine capable of stimuigtbone resorption,
interleukin-6 (IL-6) may also play an importanteoh periodontal pathogenesis. In
vitro, IL-6 stimulates bone resorption (Palmgvisak, 2002) and concentrations of IL-
6 appear increased in inflamed periodontal tisglwesn and Myrillas, 1998). Studies
have also demonstrated elevated IL-6 levels in @Q#A diseased sites compared with
control samples (Mogit al., 1999; Linet al., 2005). Furthermore, significantly higher
levels of IL-6 were found systemically in patiemtgh periodontitis compared to
periodontally healthy controls (Marcaccatial., 2009; Suret al., 2009) and circulating
levels of IL-6 were shown to decrease 3 monthg afte@-surgical periodontal therapy
(Marcaccini et al., 2009). The interplay betweer6|UL-13 and TNFe is highlighted
by a cell culture study of primary gingival fibralsits that demonstrated a constitutive

MRNA expression of IL-6 and dose-dependent up-edigud of IL-6 mMRNA and IL-6
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protein levels following stimulation by ILland TNFe (Palmqvist et al., 2008).
Conversely, IL-6 has also been shown to induce teekptor antagonist (Tilg et al.,
1994), thereby potentially providing a degree aitoal over upregulated inflammatory
responses. This highlights the increasing apprieaigihat periodontal disease
progression depends on the balance between pesvinfatory and anti-inflammatory

responses maintained by a network of cytokines & and Cochran, 2003).

Cell culture studies have been used to investiteroduction of cytokines by
different cell types and investigate the molecukll responses important to cytokine
secretion. Studies have demonstrated that followimgulation with periodontal
pathogens or their components a range of cytokinekiding IL-13, TNF-a, IL-8 and
IL-6, are secreted by primary human gingival epi#theells (Eskaret al., 2008;
Stathopoulotet al., 2009). This is also highlighted by stimulationdies using
epithelial cell lines (Bodedt al., 2006; Gursowt al., 2008). However, given the non-
oral origin of the cell lines, caution must be uséten drawing conclusions from such

studies.

The functioning of the adaptive immune responseujn the production of T
cell populations is controlled by the cytokinesttiige present within the periodontal
tissues (Gemmell et al., 1997). For example, iat&in-2 (IL-2) is essential for T cell
proliferation and differentiation and activated dlls secrete and respond to IL-2 in an
autocrine fashion. Early studies have demonstratedk of IL-2 production and
reduced IL-2 receptor (IL-2R) expression withindllg from patients with chronic
periodontitis, providing a possible explanationttoe dysregulated T cell proliferation
observed in these studies (Seymetual., 1985; Kimuraet al., 1991). Furthermore, IL-
18 and TNFe, cytokines primarily involved in inflammation albave the ability to act

on T cells as co-activators of IL-2 production (&iello, 2007).
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Dysregulated cytokine networks may result in aatgrof biological effects
including up-regulation of adhesion molecules arkteytes and endothelial cells, local
production of chemokines, osteoclastic bone regor@nd increased production and
release of prostaglandins and matrix metalloprases (MMPSs). Indeed, ILB1 TNF-u,
IL-6 have the potential to play a role in the prgai@on of a destructive inflammatory
response, bone resorption and connective tissuridiééisn (Graves and Cochran,
2003). Furthermore, multiple feedback loops developexample, cytokines induce the
production of prostaglandins, and increased préetagn concentration results in

increased cytokine secretion (Noguchi et al., 2001)

In addition to the local immune inflammatory respenvithin the periodontal
tissues there is evidence that periodontal inflatronas associated with a heightened
systemic inflammatory state. A meta-analysis otfdss-sectional studies (Paraskevas
et al., 2008) provides evidence that C-reactiveging CRP) is consistently elevated in
patients with periodontitis compared to healthytoals. A recent cohort study,
following patients over a 10 year period, confiramsassociation between advanced

periodontitis and elevated CRP levels (Linden gt24108).

Periodontal research has begun to elucidate théatoeslthat are important
within periodontal tissues during health and disebwever, there are limitations
inherent within the sampling and analytical teclueis) of currently published studies.
Due to the small fluid volume available when asses&CF, the use of conventional
enzyme-linked immunosorbent assay (ELISA) limits ttumber of cytokines that can
be analysed. Furthermore, a lack of sensitivitytipalarly at the lower detection level,
is problematic for the accurate quantification yiokines that may play a role within
periodontal disease pathogenesis. The recognhenrdividual cytokines do not act in

isolation but rather as a complex network (Tayaal., 2004; Preshaw and Taylor,
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2011) highlights a requirement for simultaneoudyamis of a range of cytokines

important within periodontal disease.

1.1.4 Quantification of cytokines

Sensitive methods for the precise quantificationydbkines are necessary when
assessing cytokine levels in clinical samples,i@aerly when cytokine levels may be
low and, as in the case of gingival creviculardl(GCF), sample volumes are very
small. Various techniques for detecting and quginigf cytokines in biological samples
have been used including bioassay, radioimmunod8day, ELISA, and more recent

multiplex assays for the simultaneous quantificabd multiple cytokines.

Bioassays have been used to monitor the effeatgtokines on biological
systemsn vitro, for example the impact of adding specific cyt@dron responses of
cells in culture. For example, primary human giagjiioroblasts, cultured with various
concentrations of IL{1 or TNF-, demonstrated that the production of both IL-6
messenger ribonucleic acid (MRNA) and IL-6 proteare concentration-dependently
stimulated by IL-B and TNFe (Palmqvist et al., 2008). Furthermore, the impddt.-

6 on the osteoblastic differentiation of primaryran periodontal ligament cells in
culture was assessed by quantifying alkaline phaisygle staining histochemically
(lwasaki et al., 2008). The advantage of bioassdlyat a biological response is
measured to confirm the potential biological releeof a given level of a cytokine.
However, biological samples potentially contain snagtokines and contamination by
other more active substances will influence restltsés technique is not adequately

sensitive for cytokine quantification as part afliaical periodontal treatment study.

RIAs are based on the principle of competition letwan antigen (in the
clinical sample) and a radio-labelled homologousgan for a limited number of

specific antibody binding sites. Subsequentlygaill scintillation counter quantifies



1 Introduction 20

the amount of radio-labelled homologous antigens Thinversely proportional to the
mediator concentration in the sample, which iswated from a standard curve
generated from known amounts of mediator. RIAs Heeen developed for various
mediators. For example, using RIA it was demonstr#bat patients with periodontitis
had significantly higher mean GCF concentrationprostaglandin-Ethan patients

with gingivitis (Offenbacher et al., 1981). Despite sensitivity of this assay, the
impractical length of RIA and the availability ofome rapid assays preclude the use of

RIA for cytokine quantification in clinical studies

ELISAs are non-competitive immunoassays based @edbpture of test antigen
(or standards of known quantity) by antibody coaietb the wells of microtitre plates.
After a washing step to remove any free antigesgc®nd antibody is added and this
binds to the antigen already present on the pldte.plate is then washed to remove
unbound antibody and then, a ligand is added. iffaad is a molecule which binds to
the antibody bound onto the plate, and itself isatently coupled to an enzyme such as
peroxidase. Free ligand is washed away, then bbgad is visualised by the addition
of a chromogen, a colourless substrate which edagh by the enzyme portion of the
ligand to produce a coloured end product. The adltensity in the reaction wells is
determined by optical density scanning of the platel the quantity of the test antigen
Is determined by comparison with a standard cUEL#SA have been used to quantify
GCF levels of cytokines in patients with periodtst{Zhong et al., 2007) and to assess
changes in GCF cytokine levels following periodbmt@anagement (Engebretson et al.,
2002). However, the GCF volumes obtained from p&diare very small and low
cytokine levels preclude the use of dilutions. Bfeare, ELISA can only be used to

guantify a single cytokine per GCF sample. Thignigmportant limitation given the
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increasing recognition of the importance of cytekimetworks in periodontal disease

pathogenesis (Preshaw and Taylor, 2011).

More recently, high-throughput multiplex immunoasshave been developed
allowing simultaneous quantification of multipletakines. Using ELISA technology,
two basic assay formats have been developed fadtsineous quantification of
multiple cytokines; planar array assays and mia@aebassays. In planar assays,
different capture antibodies are spotted at defpusitions on a 2-dimensional array,
such as a pre-coated microtitre plate. In the rlierad assays the capture antibodies are
conjugated to different populations of micro-beamdsich can be distinguished by the
fluorescence intensity in a flow cytometer. Botimfiats use a standard curve of known
concentrations of cytokines to quantify unknowrogyte levels. Based on an
assessment of the quality of the calibration cufege$ common cytokines a
comparison of 5 multiplex immunoassay platformsiateded that the MULTI-

ARRAY (Meso Scale Discovery) and the Luminex-baBemPlex (Bio-Rad
Laboratories) platforms were the most suitablecigokine analysis or quantification
(Fuet al., 2010). Using a micro-bead assay, multiple cytekiwere quantified to assess
changes in serum levels in patients with diabeilbgviing periodontal therapy
(O'Connell et al., 2008). Furthermore, also usingoabead assays to quantify 16
cytokines in GCF samples, a small study of 6 p&idemonstrated a significant post
treatment reduction in 13 cytokines in GCF samfdken from diseased sites (Thunell
et al., 2010). The high cost of these multiplexagssould, however, limit their use in

large clinical studies.

1.1.5 Factors influencing the susceptibility to periodonitis

Key to the development of periodontal diseasedisaan of events involving

microbial challenge from the plaque biofilm, stimtibn of the host inflammatory
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immune responses and destruction of connectivediaad alveolar bone breakdown
within the periodontium leading to the clinical sggof disease. All stages within this
chain of events are open to the influence of otletors including genetic, acquired or
environmental factors (Page and Kornman, 1997)h $actors influence disease
phenotype and are specific to individual patiemtee relative influence of different
factors is not yet fully understood and whilst tbée of tobacco smoking is well
defined, other factors such as genetic suscepyibdmain to be fully elucidated. In
addition, the systemic health of patients appeamsfluence the development of
periodontal disease with, for example, the presehdebetes increasing the
prevalence, incidence and severity of periodonfitesylor, 2001). However, the
mechanistic links between periodontal disease #mel gystemic diseases are not fully
defined. The chronic and multi-factorial natureboth periodontal disease and diabetes
highlights the complex nature of the interplay betw systemic health and periodontal

disease.

Tobacco smoking is a recognized risk factor forquontal disease (Tomar and
Asma, 2000). Risk calculations suggest that 40gygraf chronic periodontitis may be
attributed to smoking (Brothwell, 2001). Smokers ap to 4 times more likely to have
periodontal disease compared with non-smokers (Tamé Asma, 2000; Calsirghal.,
2002) and those with a longer smoking history hevéncreased risk of developing
periodontal disease (Linden and Mullally, 1994; Hynmand Reid, 2003). In addition to
the well recognised systemic health benefits oftiopg smoking, research has shown
improved treatment outcomes, with greater redustiorprobing depths, in patients
who were supported to quit smoking as part of gemdal management (Preshaw et al.,

2005).
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When considering the mechanisms by which smokerataan increased risk for
periodontitis, numerous authors have reported therpial effects of smoking on the
bacterial challenge, the periodontal tissues aadntimune-inflammatory response. For
example, smoking has a long term chronic effeatn@air gingival circulation
(Bergstrom and Bostrom, 2001; Dietrietal., 2004). Smoking appears to have a
deleterious impact on the dental plaque biofilner@asing those bacteria commonly
associated with periodontal disease (Zaméiah., 1996; Umedat al., 1998; Eggerét
al., 2001; Haffajee and Socransky, 2001). Interesfiregrecent study demonstrated
that following non-surgical management, the micabprofile in smokers remained
similar to baseline whereas quitters demonstraggufieantly different profiles
(Fullmer et al., 2009). Tobacco smoking affectstipld functions of PMNs, including
migration and chemotaxis (Seow et al., 1994) antherease in PMN elastase suggests
enhancement of degranulation in the neutrophismdkers (Soder et al., 2002), with
increased concentrations of macrophage-derived d Bm smokers suggesting a
more destructive inflammatory process (Fredriksstoal., 2002). Studies, however,
have also reported lower ILBXRawlinson et al., 2003) and interleukin alpha¢)L
(Petropoulos et al., 2004) levels in the GCF of lsen®. Thus, the effect of smoking on
host immune-inflammatory responses, as a mechdoisimcreased susceptibility to

periodontitis, remains unclear.

A body of evidence now supports the theory thaetjerdactors play an
important role in determining susceptibility to jpelontitis. Periodontal disease is part
of the phenotype of inherited conditions such gslPa-Lefevre syndrome (Firatli et
al., 1996) and twin studies indicate that about ®%he variance in attachment loss is
due to the influence of heredity (Michalowicz et 2000). In order to study the precise

genetic factors associated with susceptibilityeaguontal disease, variations in
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cytokine genes have been investigated. Based qguatiagligm that cytokine gene
polymorphisms could affect the transcription andsaguent release of cytokines, and
because of the fundamental role of IRt the pathogenesis of periodontal diseases,
polymorphisms in the IL-1 gene have been the maeng of research (Taylor et al.,
2004). Data from Korman et al that suggested tbatsmokers with periodontitis who
were positive for a combination of two defined Ilsihgle nucleotide polymorphisms
(SNPs), known as the periodontal associated geadBpAG), had a 7-fold increased
chance of having severe periodontal disease comparthose who where PAG
negative (Kornman et al., 1997). Subsequent studieBrmed that PAG correlates
with severity of periodontitis (Kornmaat al., 1999; Papapanaai al., 2001) although
such results are not replicated in other studieylfr et al., 2004). In a 5 year
longitudinal study, Cullinan et al (2001) showedsttthis specific IL-1 genotype was a
contributing but nonessential factor in the progi@s of periodontal disease. Equally,
they showed smokers with gingivalis had significantly more periodontal disease
compared with smokers withoBt gingivalisand IL-1 genotype positive smokers had
more disease than IL-1 genotype negative smokearirf@n et al., 2001). This study
clearly demonstrates the interplay between bagteost and environmental factors in
the pathogenesis of periodontal disease. Furthernatthough genetic associations
between polymorphism in the IL-1 gene and periodlotisease appear to exist,
unambiguous results are not yet apparent and firmelasions about the genotype of

patients with periodontitis cannot be made.

1.1.6 Management of periodontitis

The main aim of NSM, including instrumentation affictive oral hygiene
instruction (OHI), is to prevent tooth loss vi& téffective and continued prevention of

periodontal disease progression, achieved by thectmn of the microbial burden that
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is present around the periodontal tissues. Effeqgieriodontal therapy disrupts the
subgingival plaque biofilm, allowing a shift in ti@crobial populations to those more
commonly associated with health. For example, perital instrumentation resulted in
a significant decrease in the deoxyribonucleic @A) probe counts of subgingival
microbial species commonly associated with peritalatisease (Haffajeet al., 1997;
Cuginiet al., 2000). Given that the presence of calculus aloelow the gingival
margin impedes effective oral hygiene practices,rédmoval of calculus remains a
primary aim for periodontal instrumentation. Thecept of complete removal of all
subgingival calculus is, however, viewed as unséialiwith periodontal healing
occurring despite the presence of residual caldudursy detected microscopically

(Nymanet al., 1986; Cobb, 2002).

When considering the methodology used for the nogisal approach to
periodontal instrumentation, a recent meta-analy@eluded that, for both moderate
pockets (5-7 mm) and deep pockets(nm), no significant differences in probing
depth reduction, clinical attachment gain and blegdn probing were found when
comparing traditional quadrant-based instrumentatidh full mouth instrumentation
(FMI) on a single visit (Farman and Joshi, 2008)d&s also highlight that the full
mouth approach required significantly less instrotagon time to achieve similar
results than quadrant therapy (Koshwgl., 2005; Wennstrorat al., 2005), although, a
higher level of pain may be experienced followihg full mouth approach (Apatzidou
and Kinane, 2004; Wennstroghal., 2005). Furthermore, studies demonstrate that, in
patients with chronic periodontitis, sonic or umaic instrumentation achieves
treatment outcomes that are comparable with hastcuimentation (Wennstrost al.,
2005; Asluncet al., 2008). Also, no significant difference was foundhe incidence of

recurrence of diseased periodontal pockets, defasgqubckets with probing depths of
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>5mm and bleeding on probing, between the full-mautitasonic debridement

approach and quadrant by quadrant hand instrunn@m{@iomasi et al., 2006).

Clinical treatment outcomes for non-surgical peoiaidl management (NSM)
include reduction in probing depths, gain in claliattachment and reduction in
bleeding on probing. The reduction in probing dep#sults from a combination of
gain in clinical attachment and gingival recessidamerous studies have shown the
outcomes that can be expected following nonsurgieabdontal therapy are
remarkably consistent and the magnitude of botbipgpdepths reduction and gains in
clinical attachment are influenced by the initieblping depth measurements. For
example, a review of periodontal treatment outcosmesved that for those pockets
initially 4-6 mm deep, mean probing depth reductiohapproximately 1.0-1.5 mm and
mean attachment gains of 0.5-1.0 mm are consigtee#n (Cobb, 2002). For pockets
that are 7 mm or greater, mean probing depth remhscof 2.0-2.5 mm and mean

attachment gains of 1.0-1.5 mm can be expected((2ilD2).

The presence or absence of BOP is widely intergreteepresent the presence
of an inflammatory infiltrate within the periodohtesssues and despite BOP being more
reliable than other clinical signs for detectioml anonitoring of periodontal disease
(Lang et al., 1996), BOP has been shown to havesgtedictive value, being a poor
predictor for periodontal disease progression (Letngl., 1986). In contrast, the
absence of BOP provides a high negative predigtihge and is therefore an important

indicator of periodontal health and stability (Lagi@l., 1990; Josst al., 1994).

In research, the use of tooth loss as a markeisefde is complicated, not only
by tooth loss due to caries but also by the lofigWioup time required. Therefore, a
patient’s response to periodontal treatment isgmes! in terms of probing depth

reduction, gain in attachment and change in BARfavhich are surrogate markers of
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periodontal disease (Hujoel, 2004). Furthermorgjist also lack predefined goals for
periodontal treatment against which patients caadsessed (Hujoel, 2004; Armitage,
2008). There appears to be an assumption that\simeghuse a subject attends the
desired number of appointments their treatment sibade been met. Obviously, within
research trials it would be difficult to manageigatis to a given endpoint, providing
therapy until that point is reached, however, hgatated treatment goals or clinical
endpoints would allow for subjects to be categariiethe end of the study period into

responders and non-responders (Hujoel, 2004; Agajt2008).

1.2 Diabetes

1.2.1 Definition and classification of diabetes

The term ‘diabetes’ encompasses a group of metabislorders, characterised
by hyperglycaemia, resulting from defects in ins@écretion, insulin action, or both.
Diabetes is classified based on the underlyingkgjical cause and the vast majority of
cases of diabetes fall into two broad categorige L and type 2 (Table 1.3). Type 1
diabetes mellitus (T1DM) is caused by an absolefeigncy of insulin secretion and
can be identified by the presence of serologicakera indicating autoimmune
destruction of th@ cells of the pancreas. In type 2 diabetes msl(fi2DM) the main
causal processes are insulin resistance (i.e.adnility of the body to respond normally
to insulin) and failure of pancreaficcells to produce sufficient insulin. The subseque
hyperglycaemia has wide ranging molecular and leglkffects that predispose
individuals to the classic diabetes complicatiohgetinopathy, nephropathy,
neuropathy, macrovascular disease, including ceadimular disease. Diabetes is
diagnosed on the basis of World Health OrganisgiféhlO) recommendations from
1999, that incorporate criteria for fasting plasghacose levels and also plasma glucose

levels 2 hours after a 75¢g glucose load (WHO, 19%8ble 1.4).
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Conditions that predispose to overt diabetes, tholyiimpaired fasting glucose
and impaired glucose tolerance are also definglde’WwWHO recommendations (WHO,
1999) (Table 1.4). If untreated, about 7% of peaytl impaired fasting glucose and
impaired glucose tolerance will progress to oveaabedtes every year (Tuomilehto et al.,
2001) and impaired glucose tolerance itself caaiescreased risk of macrovascular

disease (DECODE, 1999).
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Table 1.3 Overview of the classification of diabes

Type 1 diabetes mellitus

Type 2 diabetes mellitus
Gestational diabetes

Other Specific Types of Diabetes

Genetic defects

Diseases of exocrine pancreas
Endocrinopathies

Drug or infection induced
Others

The table shows a classification of the main typfediabetes based on the underlying
aetiological cause.

Table 1.4 Overview of the diagnostic criteria of dibetes mellitus

Glucose concentration in venous plasma (mmol/L)

Diabetes mellitus Fasting> 7.0 or 2-h post glucose loadl1.1

Impaired glucose tolerance Fasting < 7.0 and 2-h post glucose lead8 and < 11.1

Impaired fasting glucose  Fasting> 6.1 and < 7.0 and 2-h post glucose load < 7.8

The table shows the diagnostic criteria of diabate#litus and other categories of
hyperglycaemia (WHO, 1999)
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1.2.2 Epidemiology of diabetes

Diabetes has reached epidemic proportions, theniatienal Diabetes
Federation (IDF) estimates that currently diabaféscts more than 246 million
individuals worldwide and this is expected to tise880 million people by 2025 (IDF,
2006). Between 2007 and 2025, the global prediogtedth is 55%, with the greatest
increases in the developing countries of Africaiagfend South America (Figure 1.2)
(IDF, 2006). Within Europe, it is estimated thatloktes affects 53.2 million or 8.4% of
the adult population and this is predicted to bge21% to 64.1 million or 9.8% in
2025, with the greatest increase being seen inlther age group (Table 1.5) (IDF,

2006).

In recent years, research within the UK has dennatest a rise in the prevalence
(Newnhamet al., 2002; Fleminget al., 2005; Lusignamt al., 2005; Gonzalegt al.,
2009) and incidence (Ryamhal., 2005; Forouhet al., 2007; Gonzalegt al., 2009) of
diabetes cases. Furthermore, the rise of diabatesadn the UK is largely due to
T2DM, with the incidence of TLDM remaining relatiyeonstant over the past decade
and the proportion of obese individuals newly dgpd with T2DM has increased

from 46% to 56% (Gonzalez et al., 2009).

In Western developed countries, the prevalence28fM is closely linked to
socio-economic status (Ismatlal., 1999; Evangt al., 2000) and there are increasing
numbers of diabetic individuals in deprived arebaftluent countries, creating

implications for the delivery of targeted healtmecand prevention.
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Figure 1.2  Estimates for 2007 & 2025 for the numbeof people with diabetes

]
Eastern Mediterranean and Middle East [
Europe
North America 2007:
South and Central America ll 2025:
South-East Asia H  Increase:
Western Pacific

Figure shows worldwide estimates for 2007 & 2025te number of people with
diabetes (IDF, 2006)

Table 1.5 European estimates for people with diabes

2007 2025
People with diabetes aged 20-79 (millions) 53.2 164.
People with diabetes aged 20-39 (millions) 3.7 3.4
People with diabetes aged 40-59 (millions) 19.6 920.
People with diabetes aged 60-79 (millions) 29.8 839.
Prevalence (%) 8.4 9.8

Table shows the estimates for people with diabet&sirope (IDF, 2006)
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1.2.3 Pathogenesis of Type 2 Diabetes

Insulin secretion from the pancreas normally redugiacose output by the liver,
enhances glucose uptake by the liver and skelatati®, and suppresses fatty acid
release from adipose tissue. T2DM is defined aadriised on the basis of
hyperglycaemia, although the extent of the metalbfsfunction is much broader than
glucose metabolism (Home and Pacini, 2008). Hypeegimia is seen when the normal
balanced interplay between insulin secretion asdlin action is disrupted. When
insulin action decreases, the body usually compesdsy increasing pancreatic beta-
cell (B-cell) function and insulin production. T2DM, howesy develops whep-cell
functioning is inadequately low for a specific degof impaired insulin action
(Stumvoll et al., 2005). Decreased insulin seoretwill reduce insulin signalling in its
target tissues. Insulin resistance pathways afffecaction of insulin in liver and
muscle, the major target tissues, leading to irs@@airculating fatty acids and the
hyperglycaemia of diabetes. Therefore, the undeglpathogenic defects in T2DM
involve multiple pathways, each contributing to thmlerlying disease state (Stumvoll
et al., 2005). Although evidence for familial cleishg points to the contribution of
genetic mechanisms, recent rapid increases in téisrecidence and prevalence
indicate that environmental and lifestyle factars also of major relevance (Zimmast

al., 2001; Stumvolkt al., 2005).

1.2.3.1 Insulin resistance

Insulin resistance is seen when the effects oflimswe less than expected for
both glucose disposal in skeletal muscle and bwel the suppression of hepatic

endogenous glucose production.

On a molecular level, hyperglycaemia, free fattga¢FFA) and inflammatory

cytokines can down-regulate intracellular insulgnglling and this contributes to
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insulin resistance (Figure 1.3). (Griffebal., 1999; Itaniet al., 2002; Gacet al., 2004).
Furthermore, TNFx has been shown to enhance adipocyte lipolysissiwincreases
FFA, in addition to contributing to intracellularsulin deactivation pathways (Petz
al., 1997; Aguirreet al., 2000). TNFe, IL-1p and IL-6 also have a direct inhibitory
effect on the intracellular insulin signalling cades (Hotamisligil, 2000; Semhal .,
2003; Jageet al., 2007). Therefore, by targeting the insulin sitjinglcascade,
inflammatory cytokines are capable of impairinguiins action, contributing to the

development of insulin resistance (Tilg and Mosc2808).

1.2.3.2 Beta-cell dysfunction

In health, the adaptive response of pancrgatells to insulin resistance
involves an increase in insulin release that if@aht to overcome the reduced
efficiency of insulin action. Patients develop T20Wenp-cells are unable to
compensate fully for decreased insulin sensiti{itghn et al., 2001). Indeed,
deterioration of insulin secretion over time is tlsial course in most patients, and
many patients will have deficient insulin secretadter 10 years of diabetes (Wallace
and Matthews, 2002). The rate of deteriorationi@betes control is around 1.5%
HbAlc per 10 years and it thought to be a resudt décline irg-cell function (Home,

2008b).
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Figure 1.3

Overview of insulin signalling and insuh resistance
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C-Jun kinase = C-jun N-terminal kinase
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SOCS = suppressor of cytokine signalling
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On a molecular level, hyperglycaemia, FFA and mftaatory cytokines can down-

regulate intracellular insulin signalling and thntributes to insulin resistance. The
figure shows and overview of insulin signalling ansulin resistance. Adapted from
(Stumvoll et al., 2005)
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In chronic hyperglycaemia, increased amounts of R@Syenerated iprcells
with subsequent damage to cellular componentsaptapis (Stumvolkt al., 2005;
Kahnet al., 2006). Elevated plasma FFA levels also contribbaifgrogressive loss @
cell function (Zhou and Grill, 1994; Robertsetral., 2004; Kahret al., 2006). In
addition, it has long been recognised that fLhas the ability to damagiecells
(Bendtzeret al., 1986; Mandrup-Poulsest al., 1986). Furthermore, recent clinical
trials have highlighted the role of ILB4n B-cell dysfunction and diabetes. In a placebo-
controlled randomised trial, administration of angeetitive antagonist of IL{3,
interleukin-1 receptor antagonist, improved glycaeoontrol of patients with poorly
controlled T2DM (Larsen et al., 2007). Furthermahe, use of neutralising antibodies
to IL-1pB, also improves glycaemic control apiell function in patients with T2DM
(Donath et al., 2008). ThHecell dysfunction that contributes to T2DM therefor

appears, at least in part, to involve Ig-1

1.2.3.3 Obesity

An imbalance between nutritional intake and enengyenditure culminates in
obesity. Obesity has long been recognised as arpdwisk factor for T2DM
(Lundgrenet al., 1989; Charet al., 1994; Carewt al., 1997; Wangt al., 2005).

Indeed, general obesity, as measured by body mdsg (BMI), and abdominal
adiposity strongly and independently predicts aBR2DM (Wang et al., 2005}t has
been said that the leading cause for developingimeesistance is obesity (Kahn et al.,

2006).

The classical view of adipose tissue as an engoggge depot has now been
replaced by the perception that adipose tissue &fave endocrine organ playing a

central role in lipid and glucose metabolism, amatpcing various hormones and
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cytokines involved in the development of insulisistance, T2DM and vascular

diseases (Hajeat al., 2008; Taubet al., 2009).

Due to changes in function of adipocytes and nafiihg macrophages, obesity
is associated with the appearance of a chronicgi@aae inflammatory state (Ross,
1999). An increase in adipose tissue and adipoeyiiesne is accompanied by a rise in
plasma adipokine levels, with the exception of adgxtin which is lower in obesity
(Skurket al., 2007; Wannamethest al., 2007). Macrophages are more prevalent in the
adipose tissue of obese subjects compared to ldgecss and the macrophage quantity
correlates with measures of insulin resistanceo(@tid Lane, 2005). Furthermore, the
number of macrophages in adipose tissue is redugacight loss (Cancello et al.,
2005). The interplay between macrophages and agtigoby a paracrine effect is
proposed to be central to adipose tissue dysfun¢Hajer et al., 2008). Enlarged
adipocytes are shown to release increased lev&lBAfwhich bind to TLRs in
macrophages, resulting in activation of intracelfidignalling and augmented TN
production (Sugananet al., 2005; Suganangt al., 2007). In turn, TNFe: activates
human adipocytes, thereby further inducing lipayand FFA production in addition to
enhancing the expression of IL-6 and mediatorsfawlitate the accumulation of
macrophages in adipose tissue (Rezal., 2002; Permanet al., 2006). Therefore, the
FFA, TNF-a and IL-6 released from adipose tissue (Hotamlistigal., 1995; Wellen
and Hotamisligil, 2005; Scherer, 2006) have anhibry effect on intracellular insulin
signalling pathways, contributing both to insul@sistance in hepatic tissue, skeletal
muscle and adipose tissue and reduced insulin ptioduromp-cells (Kahnet al.,

2006; Goldstein, 2008; Hajet al., 2008).
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1.2.3.4 Genetic factors

Although lifestyle factors and obesity seem torbpartant pathogenic factors,
genetic elements are also involved in the pathagismmé T2DM. A positive family
history gives a 2.4 fold increased risk for T2DMthawp to 25% of first degree
relatives of people with T2DM developing impairddapse tolerance or diabetes
(Pierce et al., 1995). The lifetime risk (at agey8@rs) for T2DM is calculated at 38%
if one parent has T2DM (Pierce et al., 1995) arlbth parents have T2DM, the
prevalence of T2DM in the offspring is estimated&around 60% by the age of 60

years (Tattersal and Fajans, 1975).

Research has attempted to identify causative faetmong many candidate
genes that have a plausible role in T2DM pathogsriesokopenko et al., 2008). In
most instances, initial associations were not capdid in subsequent analyses and only
a few candidate gene associations have been ca&ufiboy meta-analysis (Parikh and

Groop, 2004).

1.2.3.5 Inflammation

Although the cellular mechanisms contributing te fathogenesis of T2DM are
complex and not fully elucidated, it appears inflaation plays a key role.
Inflammatory cytokines, such as TNf4L-1p and IL-6, contribute to the development
of T2DM through insulin resistance afietell dysfunction (Donatkt al., 2003; Pickup,
2004). Inflammatory cytokines such as TMRnd IL-6 have been linked to insulin
resistance, and their expression is increasedijposé tissue in obese subjects (Kern et
al., 2001). In response to elevated concentrabbgtucose and FFA monocytes,
macrophages, endothelial cells and adipocytesselpa-inflammatory cytokines,
including IL-6, TNFea and IL-13 (Morohoshiet al., 1996; Guhat al., 2000; Maedleet

al., 2002; Donattet al., 2003; Shanmugast al., 2003). Cytokines such as TN#FL-
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1B and IL-6 contribute to insulin resistance throtigé down-regulation of specific
aspects of intracellular insulin pathways (FiguB¢IHotamisligilet al., 1996; Stumvaoll

et al., 2005).

Furthermore, the intracellular signalling cascathes contribute to insulin
resistance are also involved in inflammatory silynglcascades (Shoelsenal., 2006;
Goldstein, 2008). Recent research has focusedontulating inflammatory pathways
as a potential target in the management of T2DMdi8s investigating salicylates as
potential therapeutic agents for the managemenh2biM have shown thain vivo,
administration of salicylates improved both inflaatory parameters and glucose and
lipid homeostasis, highlighting the involvementloé inflammatory signalling cascade
in the pathogenesis of T2DM (Fleischrmaral., 2008; Goldfinest al., 2008). IL-B
blockade has also been shown to improve glycaeamtra andp-cell function (Larsen

et al., 2007; Donatlet al., 2008).

1.2.4 Complications of diabetes

Diabetes is associated with reduced life expectancyeased morbidity and
increased mortality. UK patients with T2DM have artality rate almost twice as high
as those without diabetes (Mulnier et al., 2006abBtes has an irreversible and
detrimental effect on the micro- and macro-vascuggtwith cardiovascular disease
(CVD), myocardial infarction and stroke being tkading cause of mortality in patients
with T2DM (Dale et al., 2008). Furthermore, diabetephropathy, retinopathy and
neuropathy are major causes of renal failure, bisd and sensory loss (Frank, 2004;
Gilbertsonet al., 2005). Type 2 diabetes is notable for the in@dasrdiovascular risk
that it carries, clinically presenting as myocakdi&arctions, angina, peripheral artery

disease (leg claudication, gangrene), and cardidyadisease (strokes, dementia)
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(NICE, 2008). The duration of diabetes and the ele@f glycaemic control are

important factors for all diabetic complicationsPDS, 1998a).

Within the pathological processes of diabetic uéscinjury, the molecular
consequences of hyperglycaemia superimpose orgbrexcontributing factors for
vascular disease, such as raised levels of sepitis lnd hypertension. In patients with
diabetes, increased oxidative stress and inflanomaitie recognised pathogenic
mechanisms for vascular damage, with altered gepeession in the vasculature,
providing a pro-inflammatory and thrombogenic eamment (Fengt al., 2005; Crimi

et al., 2007).

The molecular pathways that contribute to diabetimplications are complex
and incompletely understood. Hyperglycaemia leadkd formation of advanced
glycation end products (AGESs), leading to protewss linking and activation of the
AGE receptor (RAGE) (Brownlee et al., 1988). Anirsaldies have confirmed the role
of RAGE activation in the development of diabetsuropathy, nephropathy and
vascular disease (Soro-Paavonen et al., 2008). RadgBiates numerous signalling
pathways leading to activation of pro-inflammatand pro-coagulatory genes (Hudson
et al., 2005) and studies in rodent models of Vasalisease have shown that blockade
of RAGE can prevent development of disease (Biaak, 1998; Bucciarellgt al .,

2002). Furthermore, activation of RAGE contribui@sliabetic-induced damage
through increased oxidative stress, with RAGE atton contributing, along with
hyperglycaemia, to excessive production of ROStaadlown-regulation of
antioxidant activity (Calcutt et al., 2009). Incsed ROS activate a range of
intracellular signalling pathways and transcriptfagtors thought to influence
phenotypic changes and release of mediators tindtiloote to tissue damage

(Nishikawaet al., 2000; Lambeth, 2007; Calcwtal., 2009).
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1.2.5 Management of Type 2 diabetes

The management of T2DM is focused on controllisgg factors for both
microvascular and macrovascular diabetic compbeati Therefore, current targets for
T2DM management include weight control, smokingspta glucose control, blood
pressure control, blood lipid control, reductiontlwmfombogenicity, laser therapy for eye
damage, drug therapy to delay kidney damage, faret @and symptomatic treatments

for nerve damage (Honet al., 2008; NICE, 2008).

T2DM is predominately managed by the patient asgfaheir daily life, with
structured education being an integral and ongpargof diabetes care, to ensure
patients understand diabetes and their key ralks management (Deakat al., 2006;
Davieset al., 2008). As part of the management of risk factorgliabetes-related
complications it is recommended that dietary advickowing the principles of healthy
eating, is integrated within a personalised diabatanagement plan, including other
aspects of lifestyle modification, such as incregghysical activity, losing weight and

smoking cessation (Honetal., 2008; NICE, 2008).

The UK Prospective Diabetes Study (UKPDS), adqrg=3,867) randomised,
prospective, multicenter study with a 10 year faHop period compared the effect of
intensive therapy (either sulfonylurea or insulinio overweight patients, metformin)
and conventional therapy (dietary restriction) (UX$ 1998a). The UKPDS
demonstrated that the risk of microvascular androvascular complications of T2DM
is strongly associated with hyperglycaemia as mreadoy percentage glycated
haemoglobin (HbAlc), with a 1% reduction in HbAJairy associated with a 21% risk
reduction in any diabetic complication clinical @atht (Stratton et al., 2000). In the
initial 10 year trial, intense therapy, achievirghter glycaemic control, resulted in an

lower incidence of microvascular complications, bat macrovascular complications
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(UKPDS, 1998a; Strattoet al., 2000). Recently published data, however, fromlihe
year post trial follow-up of the UKPDS showed thanhtensive glucose control was
started at the time of diagnosis, a sustained legHect on diabetic complications was
demonstrated. Therefore, even when between grdigratices in HbAlc were lost, the
intensely managed group continued to be assoamdthd significant decreased risk of
myocardial infarction and death, in addition to wnal-established reduction in the risk
of microvascular disease (Holman et al., 2008ahséquently, national guidelines have
therefore set an ideal target HbAlc of 6.5%, usiiegary and lifestyle interventions
with medications, as required, to achieve and raairthis target HbAlc level, with

monitoring at a minimum of 6 monthly intervals (Hemet al., 2008; NICE, 2008).

The impact of tight blood pressure control on ik of developing diabetic
complications has also been extensively studie@dlysis of data from the UKPDS has
shown the risk of complications in T2DM is assoethindependently and additively
with hyperglycaemia and hypertension. Intensivattreent of both these risk factors is
required to minimise the incidence of complicati¢8satton et al., 2006). The UKPDS
achieved a risk reduction for both micro and ma@scular disease with tight control
of blood pressure (Turnet al., 1998a). Furthermore, the 10 year post trial fellgp
demonstrated that good blood pressure control beisbntinued if the positive effect
on diabetic complications is to be maintained (Hanet al., 2008b). consequently,
national guidelines recommend a target blood predsuel of 140/80 mm Hg and
lifestyle advice, anti-hypertensive medications ahtbast annual monitoring are

advocated to enable this goal to be reached (Ha@e 2008; NICE, 2008).

It is also recommended that for patients with T2Déod lipid control should
be an integral part of cardiovascular risk managegmecluding an annual

measurement of a full lipid profile (including tbtdnolesterol, high density lipoprotein
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cholesterol, low density lipoprotein cholesterotldnglyceride estimations) and
simvastatin prescribed for patients not reachimgrdtommended targets (total
cholesterol < 4.0 mmol/l, high density lipoproteimlesterok 1.4 mmol/l, serum

triglyceride < 4.5 mmol/l) (Homet al., 2008; NICE, 2008).

1.2.5.1 Glycaemic control

The widespread clinical use of HbAlc to monitordagerm glycaemic control
in patients with diabetes was established followanglication of data from the UKPDS
demonstrating the relationship between HbAlc aafletic complications caused by
hyperglycaemia (Strattogt al., 2000). HbAlc provides clinicians with an indicatiof
a patient’s long-term glycaemic control and is useset appropriate management goals
to enable patients to achieve adequate plasmasgummmtrol. HbAlc is, however, a
surrogate marker of plasma glucose (Home, 200821 is formed in a non-
enzymatic pathway by haemoglobin’s normal exposuedevated plasma levels of
glucose. HbAlc concentrations, relative to cirantphaemoglobin A concentrations,
therefore represents the amount of glycated haevhwgWithin erythrocytes, reflecting
the average level of glucose to which the celllbeen exposed during the preceding
months. However, the relationship between HbAlc@adma glucose is complicated
by the fact that HbA1c taken at a specific timenpas contributed to by the total
population of erythrocytes, from the oldest (129g)do the youngest. Additionally,
recent plasma glucose levels have a greater ingpalebAlc than more distant plasma
glucose levels. Therefore, HbAlc is viewed as ayhted average of plasma glucose in

the preceding 120 days (Rohlfing et al., 2002).

Analysis of data from a large prospective, multteeistudy demonstrated a
strong correlation between plasma glucose and Hpédrfirming a predictable

relationship between HbAlc and hyperglycaemia (Rudnkt al., 2002). Understanding
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this relationship allows clinicians and patients&b appropriate day to day plasma

glucose targets to achieve the recommended HbAdlof®.5% (NICE, 2008).

1.2.5.2 Drug therapy in the management of Type 2 diabetes

For those who are inadequately controlled with dret lifestyle management,
metformin and sulfonylureas form the mainstay adnpiacological treatment.
Metformin can also be combined with insulin thera@gulting in a reduction in
required insulin dose and body weight (Douek ¢t28l05). Improvements in
hyperglycaemia coupled with unaltered plasma instincentrations indicate that
metformin is an insulin-sensitizing drug, suppregendogenous glucose production
and improving insulin-stimulated glucose uptakehwio direct effect ofi-cells in
stimulating insulin secretion (Matthaetial., 2000; Holstein and Beil, 2009).
Sulfonylureas, on the other hand, act atftoell membrane by closing ATP-sensitive
potassium channels, leading to enhanced insuliesec (Holstein and Beil, 2009).
The efficacy and safety of both metformin and swfareas have been clearly
demonstrated by large prospective studies (UKPDBS8h; UKPDS, 1998a; Patetial .,

2008) and confirmed by meta-analysis of observattadies (Rao et al., 2008).

Currently, thiazolidinediones are recommended asly second line therapy
when glycaemic control is inadequate and sulpha@yuretformin or insulin are not
tolerated (NICE, 2008). This reflects the relatwelodest benefits demonstrated with
thiazolidinediones and the potential long-term stfects on the cardiovascular system
and bone (Dormandst al., 2005; Singtet al., 2007; Lokeet al., 2009). The
thiazolidinediones sensitise and enhance the effdosulin in skeletal muscle, adipose
and hepatic tissues without increasing pancreaticeion of insulin.
Thiazolidinediones primarily activate receptoradipose tissue and affect adipose

metabolism and distribution. Thiazolidinediones raéso preservg-cell function
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(Kendall et al., 2006), an important considerafimiowing the recognition that a
progressive decline in glycaemic control is seemaDM with increasing therapy
requirements. There is a suggestion in the litegatuat thiazolidinediones may
ameliorate insulin resistance by reducing circa@ttoncentrations of pro-
inflammatory cytokines and increasing concentraiohadiponectin (Stumvoll et al.,

2005), however, supporting evidence remains sparse.

As part of the management of T2DM, statins areresttely used for lowering
cholesterol and reducing cardiovascular eventseRestudies have shown that statins
have additional beneficial anti-inflammatory efe¢Ridker and Silvertown, 2008). In a
recent randomised controlled trial, in apparendglthy subjects without
hyperlipidemia but with elevated high sensitiveeaative protein (hsCRP), the
administration of statins reduced circulating hsG&Rls and also reduced the
incidence of major cardiovascular events (Riddtea., 2008). In vitro studies have also
begun to demonstrate the inhibitory effect of agtin cytokine release from

monocytes and macrophages (Krysgahl., 2011).

1.3 Periodontal disease & diabetes

1.3.1 The epidemiological association between diabetesgriodontitis

A number of case reports, cross-sectional studie$a few longitudinal studies
have reported an increased prevalence of perioddistase in patients with T2DM.
Indeed, it is accepted in the periodontal commuthigg T2DM is an important risk
factor for periodontal disease and, indeed, pentalaisease is viewed as a
complication of diabetes (Loe, 1993; Sa#val., 1997b). Epidemiological evidence
supports associations between diabetes and indrpasealence and severity of

periodontal disease (Taylor, 2001). Although thgomiy of studies have been cross-
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sectional in design, typically describing findifgsm small convenient samples, there
is a smaller subset of population-based studiestwstrongly support associations
between diabetes and periodontal disease (Netsawn 1990; Shlossmaet al., 1990;

Emrichet al., 1991; Taylort al., 1998b).

Several of these studies have focused on the Ridianis, a population
suffering from very high prevalence rates of T2DM.this population, diabetic
subjects were 2.8 times and 3.4 times more likelyave periodontal disease compared
to non-diabetic controls when periodontitis wasrtkt by clinical attachment loss or
radiographic bone loss, respectively (Emrich etl&191). In another study of the Pima
Indians, the incidence of periodontal disease @wears was 2.6 times higher in the
subjects with T2DM than that observed in the nabdtic controls (Nelson et al.,
1990).It has also been reported that T2DM patients withr glycaemic control have a
much greater risk of progressive alveolar bone (odds ratio 11.4) compared to non-
diabetic subjects (odds ratio 2.2) (Taybal., 1998b).Interestingly, this study also
provided evidence to support a possible negatifeziedf periodontitis on glycaemic
control, as subjects with moderate or well conéT2DM at baseline who also had
severe periodontitis were approximately 6 timeseniely to have poor glycaemic
control at 2-years follow-up than subjects who mlidl have severe periodontitis at

baseline (Tayloet al., 1998b).

Similar findings of increased prevalence of periadbdisease have also been
reported in European populations with type 2 dieb¢Bandberg et al., 2000).
Additionally, the NHANES data from the USA, fourttht adults with poorly controlled
diabetes had an almost threefold increased rislawihg periodontitis compared with
adults without diabetes. Furthermore, adults widlbetes under good glycaemic control

had no significant increase in risk for periodomtislease (Tsai et al., 2002). When
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viewed from the wider perspective of maintainingteynic health, one study has shown
that diabetics with severe periodontal diseasesiarémes more likely to have poor
glycaemic control (Taylor et al., 1996). Furtherm@atients with severe periodontal
disease have a significantly increased risk forogtbuminaemia and end stage renal
disease compared to those who do not (Shultis,€2@7).It has also been reported
that diabetic Pima Indians with severe periododis¢ase have an increased risk of
death from diabetic nephropathy and ischemic htisgiase (Saremi et al., 2005).
Furthermore, in a large study that explored daienfthe NHANES study and follow-up
evaluations for 9296 subjects, it was demonstrétatisubjects with moderate levels of
periodontal disease had a 2-fold increased odddeieeloping T2DM, and this
increased risk was maintained even in those whankadr smoked (Demmer et al.,

2008).

Observations such as these lend support to theepbo€a ‘bi-directional’
relationship between T2DM and periodontal diseast, T2DM being associated with
increased prevalence and severity of periodonsaladie, and periodontitis being
associated with poorer glycaemic control or incegassk of diabetic complications.
The principal findings of key studies that havedstigated associations between
periodontal disease and T2DM are summarised ineThiel. Taken collectively, the
epidemiological evidence confirms that diabetesisk factor for periodontal disease.
The risk for developing periodontitis is greatedidbetes control is poor and those with
good diabetic control do not have a greater rispesfodontal disease than non-

diabetics (Tsai et al., 2002).



Table 1.6  Principal and recent studies investigatigp links between periodontal disease & T2DM

Author, Year Subjects Age Study design Principadiiings

(Nesse et al., 2009) 40 T2DM 58 £ 9.5 Cross-seationin patients with T2DM a dose-response relatignglas shown between HbAlc and
the surface area of inflamed periodontal tissuSA&RI An increase of PISA by
333mnf was associated with a 1.0% increase of HbAlc.

(Shultis et al., 2007) 529 T2DM 25-79 Prospective  n patients with severe periodontal disease thelé@mde of developing end stage
renal disease was 3.5 times as high compared $e thith none/mild periodontitis.

(Engebretson et al., 46 T2DM 54 Cross-sectional  Serum TNForrelated with attachment loss (r=0.40, p=0.08)ose-response
2007) relationship was observed between periodontitiesigvand TNFe (p=0.012).

(Mattout et al., 2006) 71 T2DM,  35-65 Cross-sectional  Significantly more attachniess in T2DM patients. More gingival inflammation
2073 controls in T2DM after controlling for plaque levels

(Jansson et al., 2006) 191 T2DM 555 Cross-seatio 20% of the T2DM patients had periodontal diseaBhese subjects also had
significantly higher HbAlc (7.1%) than periodonyatiealthy T2DM patients (6.5%)

(Peck et al., 2006) 23 T2DM 59+ 10 Cross-section&eriodontal disease affected 42% of those withr gb@aemic control (HbAlc >
8.0%) compared to 18% of those with good contrdAHlc < 8.0%)

(Campus et al., 2005) 71T2DM 60+10 Cross-sectional T2DM patients had signifiisamore missing teeth, pockets > 4 mm, bleedimg o
141 controls probing and plaque than control patients

(Saremi et al., 2005) 628 >35 Prospective T2DM patients with severe periodafitiease had 3.2 times the risk of death from
diabetic nephropathy and ischemic heart diseas@aed to those with
none/mild/moderate periodontitis.

(Lu and Yang, 2004) 72 T2DM 54 Cross-sectional  @&ialgnflammation and attachment loss were sigaifity higher in the T2DM




(Engebretson et al.,
2004)

(Tsai et al., 2002)
(Sandberg et al., 2000)
(Cutler et al., 1999a)
(Tayloret al., 1998b)
(Emrich et al., 1991)
(Shlossman et al.,

1990)

(Nelson et al., 1990)

92 controls

45 T2DM

4343 T2DM

102 T2DM
102 controls

28 T2DM
7 controls

24 T2DM
338 controls

254 T2DM
930 controls

736 T2DM
2483 controls

720 T2DM
1553 controls

32-69

45-90

65+8

~28-66

15-57

15-55+

5-45+

15-55+

patients

Cross-sectional T2DM patients witlopglycaemic control (HbAlc > 8.0%) had signifidgritigher
GCF IL-1B levels than better controlled T2DM patients

Cross-section&oorly controlled T2DM patients had a significgrttigher prevalence of periodontal
disease than those without T2DM (OR: 2.9, 95% Q1; 6.0)

Cross-sectional  Significantly more T2DM pats (44.8%) had interproximal alveolar bone loss >
1/3 root length compared to control subjects (25.5%

Cross-sectional  Probing depths, attachnosstdnd gingival inflammation were all significantl
elevated in T2DM patients compared to controls

Prospective Radiographic bone loss (up todd#tlength) was more prevalent in T2DM patients
(67%) compared to controls (44%)

Cross-sectional  Prevalence of periodontsdatie was higher in T2DM patients compared to non-
diabetic controls or subjects with impaired glucttderance

Cross-sectional  Periodontal disease was presalent in T2DM patients than controls
Cross-sectional 83% of T2DM patients demonstrated interproximaldtoss compared to 19% of

and prospective controls. In follow-up appointments, the incideégeriodontitis was 60 new cases
per 1000 person-years in T2DM patients compardd toew cases in controls
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1.3.2 Mechanistic links

The observed epidemiological associations betweengontitis and T2DM
may arise from common pathological defects thatlt@s increased susceptibility to
both diseases. Furthermore, T2DM or specificallpdrglycaemia may also modify
inflammatory processes contributing to local dystated immune-inflammatory

responses, causing increased periodontal destnuctio

1.3.2.1 Inflammation

It is increasingly recognised that inflammationygla role in the development
of T2DM. Low grade systemic inflammation precedes development of T2DM
(Freemaret al., 2002; Duncamt al., 2003; Bertongt al., 2010) and plasma
concentrations of IL-6 and TNé&-are increased in obese individuals and in those wi
T2DM (Ziccardiet al., 2002; Dandonat al., 2004). Further, prospective studies
suggest that higher levels of systemic inflammatsuth as serum IL-6 and CRP,

predict future occurrence of T2DM (Pradhatral., 2001; Bertongt al., 2010).

In response to hyperglycaemia, a variety of ceilduding monocytes,
macrophageg$-cells, endothelial cells and adipocytes, releasdarflammatory
cytokines, such as IL-6, TN&-and IL$ (Morohoshiet al., 1996; Guhaet al., 2000;
Maedleret al., 2002; Donatlet al., 2003; Shanmugaset al., 2003). Through the
inhibition of intracellular insulin signalling caades, TNFe (Aguirreet al., 2000;
Hotamisligil, 2000), IL-B (Jager et al., 2007) and IL-6 (Senn et al., 200pir
insulin action and contribute to the developmennetilin resistance. Furthermore,
blocking IL-1B has been shown to improfiecell function and glycaemic control in
patients with T2DM (Larse&t al., 2007; Donatlet al., 2008). Also, research focusing

on the modulation of inflammatory pathways has shtvat, in patients with T2DM,
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salsalate improved both inflammatory parametersghmcbse homeostasis, highlighting
the role of the inflammatory signalling cascadéh@ development of T2DM (Goldfine
et al., 2008). Furthermore, cell culture experiradrdve demonstrated that in basal and
LPS stimulated conditions, purified neutrophil gaképarations isolated from venous
blood samples, released higher amounts offilarid TNFe in subjects with T2DM

compared to non-diabetic controls (Hatanaka eR2@0g).

Within the pathogenesis of periodontal diseaseintiportance of inflammation
and the production of inflammatory cytokines is wetognised. A recent systematic
review concluded that there was strong evidenaa frmss-sectional studies that
plasma CRP was elevated in periodontitis-affectdygjlests compared with controls
(Paraskevas et al., 2008). Cytokines, such ag}|[FlNF-a and IL-6, are involved in the
immune-inflammatory host reaction to the bactgslabue biofilm with cell culture
studies confirming that these cytokines are segreyeprimary human epithelial cells
following stimulation with periodontal pathogenssidanet al., 2008; Stathopouloet
al., 2009). Clinical research has also demonstragdhdd cytokine levels in tissue and
GCF samples in disease compared to health (Staslkeeak, 1991b; Irwin and
Myrillas, 1998; Engebretscet al., 2002; Linet al., 2005; Zhonget al., 2007) with
reductions following successful periodontal manageiiEngebretson et al., 2002).
Circulating levels of IL-6 were higher in patient#h periodontitis compared to
periodontally healthy controls (Marcaccatial., 2009; Suret al., 2009) and systemic

levels of IL-6 decreased following periodontal dqgy (Marcaccini et al., 2009).

Clearly, inflammatory cytokines contribute to trethpogenesis of both T2DM
and periodontitis. Additionally, inflammation alpoovides a possible scientific basis
for the increased susceptibility to periodontakdse seen in people with T2DM.

Alterations in immunologically active moleculesagesult of T2DM may alter the
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complex cytokine network within the periodontiundahus contribute to local

periodontal tissue destruction.

Given the importance of inflammation, relativelyfstudies have, until
recently, investigated the role of inflammatoryalyrhes in patients with T2DM and
periodontitis. In one study, a trend for increasB@F IL-13 concentrations was
identified as diabetes control decreased (Cutlat.e1999a). Also, poorly controlled
T2DM patients with untreated periodontitis havengigantly higher GCF IL-B levels
than T2DM patients with moderate or good glycaecoiatrol (Engebretson et al.,
2004). A cell culture study of human monocytesveed that the production of
prostaglandin-Eand IL-18 in response to challenge with LPS frérgingivalis was
significantly higher in monocytes from diabeticipats compared to non-diabetics with
periodontitis (Salvi et al., 1997c). A further spudemonstrated that in patients with
T2DM, serum TNFa correlated with attachment loss and a dose-regp@fationship
was observed between periodontitis severity aralilgiting TNFe (Engebretson et al.,
2007). More recently, a number of small studiesshaegun to document the impact of
periodontal therapy on cytokines (see section JoBtbe introduction) (Correet al.,
2008; Daget al., 2009; Correat al., 2010; Kardesleet al., 2010; Santost al., 2010;
Kardesleret al., 2011). Table 1.7 summarises principal and reseries investigating

links between periodontal disease and T2DM.

1.3.2.2 Adipokines

Obesity is a risk factor for several chronic digsasnost notably hypertension,
T2DM, dyslipdaemia and coronary heart disease (§eegl., 2005; Flegal, 2006;
Pischonret al., 2007). Furthermore, a recent meta-analysis @ fitatn cross-sectional
studies demonstrate a positive association betweradontal disease and obesity

(Chaffee and Weston, 2010) . Currently, a lacloafitudinal data limits understanding
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of the causal relationship between obesity andgerital disease and further studies
would be required to clarify whether obesity issk factor for periodontal disease or
that periodontitis increases the risk of weighnhg&haffee and Weston, 2010).
However, inflammation is described as the mechatigmlinks these two diseases
(Pischoret al., 2007).

In patients with T2DM, one potential source of &yhes is the adipose tissue, a
recognised endocrine organ that secretes molerwelved in appetite regulation,
metabolism and inflammation. Increased adipose msssciated with obesity is linked
with a low-grade, chronic inflammatory responserelterised by altered production of
adipokines and increases in biological markersiftdinmation (Neels and Olefsky,
2006; Galicet al., 2010). Furthermore, the increased mass of adifig®ee in obesity is
associated with an increased infiltration with negtrages, capable of producing pro-
inflammatory cytokines (Coenetal., 2007; Lumengt al., 2007). Indeed, expression
of TNF-a has been shown to be increased in adipose tistesity (Hotamisligil et
al., 1993) with increased serum concentrationsotfi BNF«o and IL-6 seen in obese
individuals (Ziccardi et al., 2002) and a positogrelation between IL-6 and body
mass demonstrated in T2DM (Lazar, 2005). In additoothe contribution TNF-and
IL-6 have to the development of T2DM through theles in both insulin resistance
andp-cell dysfunction, they also have direct pro-inflaatory effects on inflammatory

cells, including those in the periodontal tissues.

The adipose tissue also secretes adipokines, suelptan and adiponectin.
Leptin is a major regulator of body weight by regsieg food intake and promoting
energy expenditure (Rabe et al., 2008). In addiiotmese actions, leptin is also

involved in glucose homeostasis, modulafiacell function (Niswender and
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Magnuson, 2007) and improving insulin sensitivitythe liver and skeletal muscle

(Minokoshiet al., 2002; Rabet al., 2008).

In addition to regulating appetite and energy gferdeptin is an important
stimulator of inflammatory responses. It stimulatesitrophil chemotaxis and
stimulates cytokine release by monocytes (Sanchazdliet et al., 2003). Furthermore,
obesity appears to have an impact on leptin praslueind action. Leptin production is
increased in obese compared to lean subjects (Etiald 2000). Therefore, it is
plausible that elevated leptin levels in obesegpdsi with T2DM may contribute to
enhanced periodontal tissue destruction by actimaif pro-inflammatory responses in
the periodontium. However, the limited data onriie of leptin in periodontitis
presents a confusing picture, with leptin conceiung in gingival tissue being
inversely correlated with probing depths (Johnswoh Gerio, 2001) and higher GCF
leptin levels measured in non-smokers than smokershigher in shallow pockets than

deep pockets in non-smokers (Bozkurt et al., 2006).

A further adipokine that may be relevant in theteahof periodontitis and
T2DM is adiponectin. Adiponectin regulates energgenditure, stimulates glucose
uptake and fatty acid oxidation in skeletal muscid adipose tissue whilst also
suppressing hepatic glucose output (Getlia., 2010). Prospective and longitudinal
studies indicate that lower levels of adiponectmassociated with a higher incidence
of T2DM (Lindsayet al., 2002; Daimoret al., 2003; Sprangest al., 2003a; Duncast
al., 2004; Matheet al., 2008; Tabalet al., 2009), with a recent meta-analysis
confirming that across diverse populations, higit#ponectin levels are associated with
a lower risk of T2DM (Li et al., 2009). In obesigiponectin levels are reduced and
weight reduction leads to increases in circulatidgponectin (Ouchet al., 1999;

Matsubaraet al., 2002). Furthermore, adiponectin is generally mered to have anti-
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inflammatory effects, and low levels of adiponedtave been associated with obesity,
diabetes and cardiovascular disease (Kadowaki @mgia¥ichi, 2005). However, to date,

there is no published research investigating tleeabadiponectin in periodontitis.

1.3.2.3 Altered neutrophil function

Impaired or dysregulated PMN function may contréatfurther mechanistic
link between T2DM and periodontitis. The role &fiRs in the maintenance of
periodontal health is highlighted by studies theatdreported impaired chemotaxis in
aggressive forms of periodontitis (Sigusch et28)Q1). Reduced PMN function has also
been found in patients with T2DM, including impairehemotaxis (Mowat and Baum,
1971; Gustkest al., 1998),adherence (Bagdade et al., 1978), and phagocytosis
(Marhoffer et al., 19925tudies have correlated both periodontitis andetegbwith
defective PMN chemotaxis; diabetic patients withese periodontitis had depressed
PMN chemotaxis compared to both diabetic patiertis mild periodontitis and non-
diabetics with mild or severe periodontitis (Manbebr-Pouret al., 1981; Bissadat

al., 1982).

Diabetes may also result in increased periodontdeptibility via impaired
PMN apoptosis (Graves et al., 2006). Although, RMike key components of the
defence mechanism against periodontal plaque aateperiodontitis, if apoptosis is
delayed this may lead to increased retention of RiMte periodontal tissues. This in
turn could lead to increased tissue damage byetlease of destructive MMPs and ROS

by the PMNSs.

1.3.2.4 Hyperlipidaemia
In T2DM hyperglycaemia is often accompanied by miypielaemia. As part of

the prevention of diabetes related complicatioms,nhanagement of hyperlipidaemia

forms a major part of the management of T2DM (NICE&)8).
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Research demonstrates an association between saiged lipids and
periodontitis. Studies have found that subject$ wériodontal disease have
hyperlipidaemia when compared with subjects wittealthy periodontium (Cutlest
al., 1999b; Loschet al., 2000) and patients diagnosed with hyperlipidadmahze
significantly higher values of periodontal parametidan control subjects with a
normal metabolic status (Noaekal., 2000; Fentoglet al., 2009). Recently, a small
interventional study also demonstrated that impdgweriodontal health, following
periodontal treatment, produced a positive effedimd parameters in patients with

hyperlipidaemia and periodontitis (Fentoglu et 20.10).

Hyperlipidaemia is described as one of the facissociated with diabetes-
induced immune cell alterations (lacopino and Gug800), however, only a few
studies have investigated the effect of improveatibpental health on serum lipid

profiles in subjects with T2DM (Kirast al., 2005; Kardesleet al., 2010) .

1.3.2.5 Advanced glycation endproducts

In a hyperglycaemic environment, numerous protgiasiding collagen
undergo a non-enzymatic glycosylation processtm fAGEs. There is evidence that
supports a role for AGEs via their interaction wettlular AGE receptor (RAGE) in
exacerbating diabetic complications including peéoiatal disease (Jakus and Rietbrock,

2004; Takedat al., 2006).

Binding of AGE to RAGE on monocytes and macrophdgesbeen associated
with an up-regulation of pro-inflammatory cytokinssich as IL-f, TNF-u, and IL-6
(Lalla et al., 2001). Monocytes from patients wdiabetes also produce significantly
greater amounts of TN&; IL-1p and PGEin vitro than non-diabetic contro{Salvi et

al., 1997a; Salvet al., 1997c). The presence of RAGE in the gingivaugsshas been



1 Introduction 56

confirmed by immunohistochemistry in both diabeticl non-diabetic subjects (Katz et

al., 2005).

AGE formation also results in the production of R@8d AGEs detected in the
gingival tissues of diabetic patients have beenvshio increase oxidant stress in these
tissues when compared to non-diabetic individuath(nidt et al., 1996). Enhanced
oxidant stress and the subsequent endotheliaticaiiges that occur may lead to
vascular injury common to diabetic complicatiomsluding periodontal disease
(Schmidtet al., 1994; Vlassara, 2001). AGEs also enhance théraésgy burst of
PMNs (Wong et al., 2003). This mechanism may doute to local tissue damage in
the periodontium of patients with T2DM, given thekvn importance of PMNs in

periodontal tissue breakdown resulting from extitatz release of lysosomal contents.

The irreversible nature of AGE formation and thieiaction with RAGEreates
environments in which cells are constantly expdsedtiese products, thereby creating
heightened inflammatory responses. Studies supipostiew that AGE-mediated
events are of primary importance in the pathogen&siliabetic complications such as
retinopathy, nephropathy, neuropathy and atheraxite They may also be involved in
changes within the periodontium, rendering T2DMgods with poor glycaemic control
and elevated AGE production more susceptible tmg@ental disease. Thus, increased
susceptibility to periodontal disease in patienith \woorly controlled T2DM may be
partly attributed to increased AGE deposition assalt of hyperglycaemia and
subsequent increased activation of immune-inflaronyagvents via RAGE, and also
the enhanced respiratory burst in PMNs. This |dadker support to the concept of
the diabetic hyper-responder who mounts an uprégilzeriodontal immune-

inflammatory response to plaque bacteria, leadngdreased tissue destruction.
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1.3.3 Association between periodontal health and glycaemicontrol

In a cross-sectional study, 46 patients with T2DM ahronic periodontitis
were studied to determine the relationship betwsasma TNFe levels and clinical
periodontal status, GCF levels of I1I3-and HbAlc levels (Engebretson et al., 2007).
Plasma TNFet showed a significant positive correlation withaatiment loss (r=0.40,
p=0.009) and GCF ILf1(r=0.33, p=0.035). A dose-response relationship elzserved
between periodontitis severity and plasma TiN=0.012) (Engebretson et al., 2007).
This study highlighted that chronic periodontissassociated with TNE-evels in
subjects with T2DM, supporting the hypothesis fhexiodontal inflammation may

contribute to systemic inflammation and insulinisesce seen in patients with T2DM.

To explore the possible dose-response relationsttipeen periodontitis and
HbALlc levels, a cross-sectional study assessed ElbAd the clinical periodontal
status in 40 patients with T2DM using PISA (Neasal ., 2008; Nesset al., 2009).
Traditional definitions of periodontal disease eategorical and the calculation of PISA
provides a composite numerical score to defineogenititis whilst also attempting to
quantify the inflammatory burden from the perioddnissues. Multiple linear
regression analysis demonstrated a dose-respdatienship between PISA and
HbAlc in patients with T2DM and a PISA increas®88 mnfwas associated with a
clinically significant increase in HbAlc level o¥d(Nesse et al., 2009). A prospective
treatment study will be required to further expltre impact of periodontal

management on PISA and HbAlc.

1.3.4 Periodontal treatment outcomes in people with diaktes

In recent years, a number of studies have publisheidal periodontal
treatment outcomes in patients with T2DM (Stevetd ., 2001; Kiranet al., 2005;

Promsudthit al., 2005; Jonest al., 2007; Correat al., 2008; O'Connekt al., 2008;
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Daget al., 2009; Kardeslegt al., 2010; Kardeslegt al., 2011) (Table 1.7). The clinical
treatment outcomes assessed in these studiesen@dddction in probing depths, gain
in clinical attachment and reduction in bleedingpoobing and overall, these studies
have confirmed that positive clinical periodontaldtment outcomes to non-surgical
periodontal management in patients with T2DM (Stéwtzal., 2001; Kiranet al.,

2005; Promsudtlat al., 2005; Jonest al., 2007; Corre&t al., 2008; O'Connelét al .,
2008; Dagget al., 2009; Kardeslegt al., 2010; Kardeslegt al., 2011). Furthermore,
studies that evaluated periodontal treatment ouésam subjects with and without
T2DM have confirmed similar improvements in periotid health for both T2DM and
non-diabetic subjects (Correhal., 2008; Daget al., 2009; Kardeslegt al., 2010;

Santoset al., 2010; Kardesleet al., 2011) (Table 1.7).

More recently, composite assessments have alsouseelto evaluate the
periodontal condition of patients with T2DM, incorgting within a numerical score,
both periodontal epithelial surface area and BO&sfskt al., 2008; Nesset al., 2009)
and thus providing an evaluation of the inflammgtaurden produced from the
periodontium. However, to date, there are no phbtisdata exploring the impact of

periodontal therapy on such composite measures.

1.3.5 Impact of periodontal treatment on inflammation in T2DM

Periodontal inflammation may contribute to the sgst inflammatory
component of insulin resistance and T2DM. Furtheemalterations in
immunologically active molecules as a result of M2ay alter the cytokine network
within the periodontium and thus contribute to lqeeriodontal tissue destruction

(Preshaw et al., 2007).

Recently, a number of small prospective treatmemtias have begun to

document the impact of periodontal therapy on nrarké€inflammation, with some
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studies evaluating local cytokine levels (Coreeal., 2008; Santost al., 2010;
Kardesleret al., 2011) and other studies evaluating circulatinpkiyne levels (Dagt

al., 2009; Correat al., 2010; Kardesleet al., 2010) (Table 1.7). However, to date, the
impact of periodontal therapy on both local andesysc cytokines has not been

investigated within a study (Table 1.7).

The impact of periodontal management on serum desemultiple mediators
was assessed in a prospective treatment studytiehfsawith T2DM (n=30), with a
significant reduction in IL-6 levels were demongtchfollowing treatment, but not for
other relevant mediators, such as TWHL-1p (O'Connell et al., 2008). As part of a
small prospective treatment study, 13 subjects WaBM were provided with
mechanical periodontal debridement and local dgfieé minocycline for 4 weeks.
Serum TNFe levels pre- and post-treatment were then asseBSe#dwing treatment a
significant reduction in serum TN&was demonstrated (p<0.015) (lwamoto et al.,
2001). This study also showed a strong correldigtween reduction in serum TN#F-
concentration and in the reduction in HbAlc follagriperiodontal treatment, with the
authors concluding the improvements in metabolmm@d following the periodontal
treatment may possibly be mediated by reduced s&iiRia (Iwamoto et al., 2001).
Recently, a small prospective treatment study assethie impact of periodontal
therapy on systemic inflammatory mediators. In E wontrolled (HbAlc <7%) and
12 poorly controlled (HbAle7%) patients with T2DM and 15 non-diabetic subjects
serum levels of TNFe, IL-6 and CRP were quantified by ELISA before d@nhein 1and
3 months after non-surgical periodontal managerfieatdesler et al., 2010). At 3
months post-treatment, the only significant reductvas in the serum IL-6 levels in
well controlled patients with diabetes and non-dtats. Interestingly, this was also the

first study to publish the impact of periodontalmagement on serum levels of 2
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adipokines, leptin and adiponectin. Compared tetg@ment levels, the non-diabetic
group had increased adiponectin levels at monfx8.05) and leptin levels were
increased in well-controlled patients with diabetemonth 1 (p<0.05) (Kardesler et al.,
2010). In a similar study, the impact of periodbti@rapy on serum TNE-levels was
assessed in T2DM and non-diabetic subjects, arghdisant reduction in serum TNF-
a was demonstrated in both groups at 3 months mogigontal treatment compared to

baseline levels (Dag et al., 2009).

The impact of non-surgical periodontal therapy®vels of IL-3 and MMP-8
and -9 was assessed in patients with (n=23) arftbuti(n=26) T2DM. Following
periodontal therapy, a significant reduction in G&@kume and the total amount of IL-
18 and MMP-8 and -9 was seen in deep sites and &ignifreductions in GCF volume
and the total amount of ILBlwere seen in shallow sites. No significant diffexes in
total amount of the mediators in both deep and®haites were found between
diabetes and non-diabetic controls at baselind@lmv-up (Correa et al., 2008). The
reduction in GCF IL-f levels following periodontal treatment would canfidata from

earlier studies investigating non-diabetics (Engtdam et al., 2002).

Given the wide clinical use of CRP to quantify gysic inflammatory state and
assess the related cardiovascular risk, it is singrthat few studies document the
impact of periodontal therapy on CRP levels ingras with T2DM. In a small pilot
study hsCRP levels were assessed before and 4 afekaon-surgical periodontal
therapy in subjects with diabetes (n=10) and shaWwatifollowing treatment, mean
hsCRP levels were significantly decreased fromt@ B5 mg/L (p<0.01) (Lalla et al.,
2007). Unfortunately, a lack of non-diabetic cohggmup precludes conclusions being
drawn about the importance of diabetes. In a &urgtudy of 33 patients with diabetes

and 20 non-diabetic controls, there were no sigaift differences found in the median
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CRP values either before or 4 months after perittdonanagement (Christgau et al.,
1998). Both of these studies are limited by théusion of both T2DM and T1DM
patients, given their differing pathology. In a meecent study of 23 patients with
T2DM, a non-significant decrease in hsCRP was fdotildwing improved periodontal
health (Correa et al., 2010) however, interprettatibthis result is difficult given the

lack of a non-diabetic control group.

Among the prospective treatment studies investigatie impact of periodontal
therapy on cytokine levels, there is considerablermgeneity in terms of the
methodology. For example, the inclusion criteriageriodontal case definition and the
choice of cytokines studied lacks consistency argling sampling and elution methods
are used for GCF. Drawing simple, clear conclusiibom these studies is therefore
difficult. As a general rule, many of these stgdiave used very small numbers of
subjects, and focussed on one or two mediatorsimteawhich limits our understanding
of the complexity of cytokine networks is importamtooth T2DM and periodontitis.
Furthermore, none of the studies have simultang@sslessed local and systemic
inflammatory cytokine levels following periodonthkerapy and thus the conclusions

that can be drawn from the literature are compretis

The interplay between local inflammation within fheriodontal tissues,
systemic inflammation and glycaemic control is céer@and not fully understood. To
clarify the impact of periodontal treatment on sysic inflammation in patients with
T2DM, further studies are required to assess ghmaaeontrol, CRP and explore the
relevance of relevant cytokines and adipokines toatally within the GCF and

systemically.
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1.3.6 The impact of periodontal treatment on glycaemic cotrol and lipid
profiles

In addition to the observational evidence highlightthe relationship between
periodontal disease and T2DM, increasing numbenstefventional studies have been
conducted to explore the effects of periodonta¢ase on glycaemic control in patients
with diabetes. In patients with T2DM the impacpefiodontal management on
glycaemic control, as measured by HbAlc, has beastigated using controlled and

non-controlled interventional studies (Table 1.7).

A randomized clinical trial was carried out in tH8A to study the efficacy of
periodontal management on glycaemic control of u&®rans over 4 months (Jones et
al., 2007). HbAlc was the main outcome measure wheaparing the treatment group
(n=82), that received periodontal instrumentata@, week course of systemic
doxycycline and daily chlorhexidine rinse, agaihgt control group (n=83) that
received no periodontal management as part ofetbearch. To enable improvements in
glycaemic control to be studied, only subjects waittorly controlled diabetes, indicated
by a HbAlc score 0#8.5%, were included. Mean baseline HbAlc levelsevi€).2%
and 9.9% for control and treatment group respelgtivéowever, 4 month mean HbAlc
data for each group were not published. Betweenpmdifferences in the mean change
in HbA1c of the study period were not significaeten after controlling for baseline
HbAlc, duration of diabetes and age. The numbsubjects achieving clinically
significant reductions in HbAlc of 0.5% and 1% &8wn et al., 2000) was not
significantly different between groups. Therefdhe study concluded that no
significant benefit in glycaemic control was foust4 months post-periodontal therapy.
Unfortunately, the inclusion criteria were basedsahjects having a community

periodontal index of treatment need (CPITN) scdredin at least two sextants.
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Furthermore, despite the central role of perioddnteammation in the biological
rationale supporting periodontal management anchgimic control, data to clarify the
periodontal status of each group were not publishibi precludes conclusions being
made about the relative success of periodontal geanant and its influence on

glycaemic control.

In a smaller randomised control trial (RCT), thieef of improved periodontal
health on metabolic control was investigated irsddjects with T2DM (Kiran et al.,
2005). Between baseline and the 3 month review, HdAvels in the treatment group
showed a significant decrease whereas the cormwapdhad a non-significant increase
in HbAlc. Caution on the interpretation of thisuksnust be used since only subjects
with HbAlc values of 6-8% were included. Theref@e;luding subjects with poor
glycaemic control and artificially restricting tiseandard deviations of the mean values
for each group, could potentially have enabledifaant differences to be achieved
more easily. Additional metabolic data includiniglyceride, total cholesterol, high
density lipoproteins and low density lipoproteih®wed no significant changes
following periodontal treatment. The study alsoalig®s significant improvement in
plaque index (PI), gingival index (Gl), probing dep (PD), LOA and BOP in the
treatment group but not in the control group. Hogrewnly mean periodontal data were
presented, thus simplifying and missing valuable RDession or LOA data and failing
to adequately describe the tissue response ocguallowing periodontal treatment.
Therefore, although the study concludes that nogisal periodontal treatment is
associated with improved glycaemic control in pasavith T2DM, the limitations of
the study in reporting periodontal data and useggricted HbAlc values as inclusion

criteria weaken this conclusion (Kiran et al., 2005
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Consideration of additional intervention studieshboontrolled (Stewast al.,
2001; Promsudthat al., 2005; O'Connelét al., 2008) and non-controlled (Grossial.,
1997; lwamotcet al., 2001) also demonstrate inconsistent results deggathe impact
of periodontal management on HbAlc. More recemtigta-analyses have been
conducted in an attempt to clarify whether perigdbtreatment has an effect on
glycaemic control (Janket al., 2005; Darreet al., 2008; Simpsoset al., 2010). In the
earlier meta-analysis of 10 intervention studieguantify the effects of periodontal
therapy on HbAlc, a weighted mean HbAlc decreafe66Pb6 was observed, though
this did not achieve statistical significance (Jetrét al., 2005). Darré et al used a
systematic review to identify 9 controlled intertienal studies, providing a total of 485
patients, to be included into the meta-analysigr@®aet al., 2008). This meta-analysis
indicated that periodontal treatment effectivelgueed HbAlc levels with a calculated
standardised mean difference (SMD) in HbAlc of Quéch was found to be
significant (95% confidence interval (Cl), 0.1188;p=0.01). Additionally, when the
SDM was back-transformed, by multiplying by it bitypical’ standard deviation (SD),
into the original HbAlc units, the findings suggekthat periodontal treatment could
lead to a clinically significant 0.79% reductionHitbAlc values. However, the authors
expressed caution regarding the interpretatiohisfresult following the finding that
exclusion of a single study (Stewart et al., 20fdgreased the SMD to a non-

significant value of 0.27 (95% CI, -0.01, 0.60).

In the most recent, meta-analysis, the effect efiean % difference in HbAlc
for NSM, with or without antibiotic therapy, againms treatment or usual treatment was
-0.40% (95% Cl, -0.78, 0.01), representing a gte#siy significant reduction in HbAlc
(p=0.04) for NSM and the authors concluded thatesemdence exists for

improvements in metabolic control in people withliBtes after periodontal therapy,
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although larger studies are required to fully ustird the potential of periodontal

therapy to improve glycaemic control in people withbetes (Simpsost al., 2010).

Clearly, there is a lack of conclusive evidencestmommend periodontal
management as an effective means to reduce HbAélslm people with diabetes.
Darré and co-workers highlighted that a RCT witfiisient statistical power would be
invaluable, and their post-hoc calculation showed & minimum sample size of 150
participants would be required (Daeteal., 2008; Garcia, 2009). Subsequently, a study
protocol for a randomised, controlled trial hasergty been published (Vergnes et al.,
2009). This study aims to assess whether periotimatament could lead to a decrease
in HbA1c in diabetic patients with periodontitihd target sample size is 150
participants, with half in the immediate treatmgrdaup and half in a delayed treatment
group. Periodontal treatment will include NSM w#ystemic antibiotic therapy and
chlorhexidine mouthwash. The difference in chanigdlwAlc and quality of life

between the two groups will be assessed at a 1B fobew-up appointment.

In patients with T2DM, the effective managementigdlipidaemia, including
raised serum levels of total cholesterol, low dignigioproteins (LDL) and triglycerides
(TG) is an integral part of diabetic managemerttak been proposed that dyslipdaemia
plays an integral part, along with systemic inflaation, in the relationship between
periodontal tissue inflammation and diabetes (lacmpnd Cutler, 2000). However,
studies that investigated the impact of periodom@hagement on lipid profiles in
patients with periodontitis and T2DM have failedd@monstrate significant changes in

lipid levels (Kiranet al., 2005; Kardeslegt al., 2010).



Table 1.7

Studies investigating the impact of pevdontal therapy on periodontal health, glycaemic aatrol and cytokine levels

Author, Year Sample size  Duration Treatment Changes in periodontal Changes in cytokines Changes in HbAlc
(n) (weeks) provided health
(Kardeslert al., T2DM: 20 12 NSM Significant improvement A non-significant significant reduction inT2DM reported a significant
2011) non-diabetic: 22 in Pl, GI, PD, CAL and total amount of IL-6 in GCF in T2DM  reduction in HbAlc in T2DM
' BOP for both groups. and non-diabetic subjects (data values moibjects (data values not published)
published)
(Santost al., 2010) Well controlled 24 NSM Significant improvement No significant change in total amount ofMean HbAlc showed a non-
T2DM: 18 in PI, Gl, PD, CALand TNF-, IL-4, IL-17 and IL-23 in GCF in significant increase of 0.3% and 1.3
Poorly controlled BOP for both groups. both well and poorly controlled T2DM % in poorly and well controlled
. subjects. Total amount of INFin GCF  T2DM subjects respectively
T2DM: 20 e . .
showed a significant increased in well
controlled T2DM but no change in poorly
controlled T2DM subijects (data values
not published)
(Correaet al., 2010) T2DM: 23 12 NSM Significant improvement Median plasma TNIle-levels showed a Non significant reduction in median
in Pl, GI, PD, CAL and significant reduction of 1.1pg/ml. PlasmalbAlc of 0.4%
BOP for both groups IL-4, IL-6, IL-8 & II-10 levels showed
nonsignificant reductions of 3.7, 0.8, 0
3.3pg/ml respectively.
(Kardesleret al., Well controlled 12 NSM Similar improvements in Serum TNFe levels showed non- Poorly controlled T2DM showed a
2010) T2DM: 13 Pl, PD, CAL and BOP  significant reductions in all groups. Ser significant reduction in HbAlc 3
Poorly controlled for all groups for _IL-6 levels showed a significant r_educ_t months after periodontal treatment
T2DM: 12 in well controlled T2DM and nodiabetic (P<0.05)

Non-diabetic: 15

subjects and a non-significant reduction in
poorly controlled T2DM subjects. (data
values not published)




Well controlled
T2DM: 15

Poorly controlled
T2DM: 15

Non-diabetic: 15

(Daget al., 2009)

T2DM: 23

non-diabetic: 26

(Correa et al., 2008)

(O'Connell et al., treatment A: 15

2008) treatment B: 15

(Jones et al., 2007) treatment: 82

usual care: 83

(Kiran et al., 2005) treatment: 22

no treatment: 22

12

13

12

16

12

NSM

NSM

NSM +/-
doxycycline

NSM +
doxycycline

NSM

Significant improvement
in PI, GI, PD, CAL and
BOP for all groups

Significant improvement
in PI, GI, PD, CAL and
BOP for both groups.

At follow-up significant
improvement in PI, Gl,
PD, CAL and BOP for
both treatment groups.

Mean serum TNFelevels showed a
significant reduction of 2.1, 2.17 and
2.70pg/ml in well controlled T2DM,
poorly controlled T2DM and non-
diabetic subjects respectively

Median total amount of IL{1 showed
significant reduction of 83.4 and
38.7pg/ml in T2DM and non-diabetic
subjects respectively

Mean HbAlc showed a significant
reduction of 0.21% in well
controlled T2DM subjects and a
non-significant reduction of 0.19%
in poorly controlled T2DM subjects

In T2DM group, following
periodontal treatment the mean
HbAlc showed a non significant
reduction of 0.31+ 1.81%

Multiple serum cytokines levels assessedebllowing treatment a significant

(n=30). Significant reduction in mean

reduction in HbAlc of 1.5% for the

serum IL-6 levels of 1pg/ml. No change group with doxycycline. No

in serum TNFe. and IL-18 levels and a

significant difference between

No significant difference non-significant increase in serum IRN- groups.

between groups.

Data not published

At follow-up significant
improvement in PI, GlI,
PD, CAL and BOP for

treatment group

Data not published

Data not published

Both grdwggbmean HbAlc
reduction that was not significant.
Between group difference in HbAlc
was clinically and statistically not
significant. Number of subjects
achieving reductions in HbAlc of
0.5% and 1% was not significantly
different between groups.

HbA1c levels in the treatment
group decreased significantly from
7.31+£0.74 to 6.51 + 0.80, whereas
the control group showed a slight
but insignificant increase in HbAlc.




(Promsudthi et al., treatment: 27

2005) no treatment: 25

(Rodrigues et al., treatment A: 15

2003) treatment B: 15

(Stewart et al., 2001) treatment: 36

control: 36

(lwamoto et al., treatment: 13

2001)

12

12

43.5

NSM+
doxycycline

NSM+/-
amoxicillin

NSM

NSM +local
minocycline

At follow-up significant  Data not published
improvements in PI, PD,

CAL and BOP for

treatment group with

shallower PD and less

CAL compared to the

control group

Following treatment a
significant reduction in
PD, BOP and Pl was
recorded in both groups.
No significant changes in
CAL.

Data not published

Periodontal treatment
outcomes not published
and periodontal status of
control group not known

Data not published

No significant change in Data not published
mean PD following

treatment. Further

periodontal data not

published.

Following treatment, the reaurcti
in HbA1c did not reach
significance. Although more
patients in the treatment group had
a decrease in HbAlc this difference
was not significant.

HbAlc reduced in both groups,
although only changes in group
receiving instrumentation without
antibiotics reached significance

Statistically significant redoics
in HbA1c in both the treatment
group (from 9.5% to 7.6%) and
control group (from 8.5% to 7.7%).

Following periodontal treatment
HbALlc levels reduced significantly
7.96+1941t07.12+1.48

Table shows and overview of interventional studiegstigating changes in glycaemic control, permddbhealth and cytokine levels following
periodontal management in patients with T2DM
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1.4  Aims of the study
1. To clinically characterise the periodontal statfia tocal North East population of

patients with T2DM by measuring the extent and sgvef periodontal disease.

2. To explore the local levels in GCF and saliva a-piflammatory cytokines (IL{3,

TNF-o and IL-6) in patients with T2DM compared to nodaetic patients.

3. To explore the systemic levels in serum of proamfinatory cytokines (IL{, TNF-

a and IL-6) in patients with T2DM compared to nomdaktic patients.

4. To investigate associations between clinical pemal status, inflammatory

cytokine levels and markers of diabetes control.

5. To investigate the clinical periodontal healingatients with T2DM and
periodontitis following NSM and evaluate the impattmproved periodontal health

on markers of diabetes control and local and syistexflammatory cytokine levels.
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Chapter 2 Materials and methods

2.1 Ethical approval

Ethical approval for this research was obtainedthf@underland Local Research
Ethics Committee (ref 06/Q0904/8). The applicaiimciuded a protocol of the study
that highlighted particular ethical issues pertajnio the study, with the main ethical
problems being related to the samples that weteatetl (GCF, saliva, blood) which
were purely for research purposes and would ottserwot be collected. This was
made clear to prospective participants in the mftion sheet. Whereas collection of
GCF and saliva samples was non-invasive, quickpaniess, collection of blood
samples could be associated with discomfort ane thas the potential for unwanted
events (e.g. bruising). The risks of venepunctueeawninimised by the use of trained,
experienced clinicians to obtain the blood samples. periodontal examinations and
treatment that was provided as part of the studhgtitiited routine clinical care and one
positive aspect of the study was that the T2DMgpaisi received an oral and periodontal
examination, and if they are found to have periddlotisease, treatment was offered.
Patients were also given information and instrucba how to better maintain good
oral and periodontal health. All samples colleded all data recorded were stored
anonymously, using a coding system. No informati@t was generated as part of this
research had an impact on the patients’ cliniced ead no feedback of the results of

analysis of individual samples was given to indixatipatients.

2.2 Patient recruitment and discharge
T2DM patients were recruited from both secondarg catabases, held by Dr.
Weaver at the Queen Elizabeth Hospital in Gatesheddrofessor Roy Taylor at

Newcastle University, and databases held withimary care settings, such as general
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medical practices that are part of the North Easb&tes Research Network. The
information held on the databases in both primay secondary care settings, allowed
T2DM patients matching the age criteria to be idiexat. These patients were sent a
letter informing them about the research and ingithem to participate. Patient
participation was on an ‘opt-in’ basis. If patiethen contacted the research team to
indicate that they would like to participate, ahelephone screening took place to
ensure they fitted within the inclusion and exabuscriteria. Patients were then sent the
full information sheet to read, and arrangementeweade for them to attend the
Dental Hospital for the pre-treatment screeningoamment. Recruitment of non-
diabetic patients involved the identification oftable patients from either those
referred from general dental practice into theaiedive department within the School
of Dental Sciences or patients seen on studeritriegd clinics within the School of
Dental Sciences. Each non-diabetic subject washedtto a previously recruited

T2DM subject. Subjects were matched based on aigj@rfvé years), gender, smoking
status and periodontal diagnosis. Suitable noneti@subjects were approached during
an appointment at the dental hospital, informecuabwe study and given the

opportunity to decide whether to participate.

Patients recruited fulfilled the following inclasi criteria: 30-55 years old, male
or female, with a minimum of 20 natural teeth. Eson criteria included pregnancy,
immunosuppression, any condition requiring proptiytaantibiotics prior to dental
treatment, bleeding disorders, prolonged bleeding esult of medication, drug-
induced gingival overgrowth, any medical condittbat could compromise safe
participation in the study, or any patient who kiadlergone non-surgical therapy for

periodontal disease in the last 6 weeks.
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At the pre-treatment screening appointment, patiesito were identified as
having periodontal disease were offered the nepgssmtment and these patients were
monitored as part of the longitudinal componenthefstudy. The patient’s general
medical practitioner (GMP) and general dental ptiacer (GDP) were informed via
letter of their involvement in the research. Folilogvcompletion of the study, patients
were discharged back to their GDP for long-termqgamtal maintenance care, with a
written discharge letter that detailed the mainbeegplan that the GDP should follow.
For those patients identified at the screening egppent as not having periodontal
disease, their participation in the study was kahito the screening visit only. For these
patients without periodontal disease they werereff@ral hygiene advice and a
prophylaxis and this was provided at the screeapmpintment. If the clinical
examination identified other dental or oral probdgisuch as caries, appropriate
management was arranged within general dentalipeant in the dental hospital, for

patients not registered with a GDP.

2.3 Consent

Written informed consent was obtained when theepéfirst attended, at the
start of the pre-treatment screening appointmems process involved a clinician
confirming that the patient had received and urtdedsthe written information about
the study. The clinician then verbally confirmeed trackground and aims of the study
as well as the potential benefits and risks ofipiggtion in the study. Each subject had
the opportunity to ask questions and not to pgdia in the study. Subjects wishing to
participate in the study then signed two copiethefconsent forms, one copy was
retained within the patient’s individual case régorm and one copy was given to the

patient.
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2.4 Power calculation and estimation of sample size

Providing a definitive power calculation at therpiang stage of the study was
difficult given the paucity of studies that had @stigated this area at that time. Using
data (Kiran et al., 2005) from a study publishethattime of planning, a power
calculation provided an estimate of the numberatigmts required with periodontitis
for detecting significant changes in HbAlc ovemi@nths. Therefore, to provide a
85% power for detecting significant changes in HbAYer 12 months, assuming
0=0.05,6=0.6% and=1.0%, it was estimated that 30 patients with mkrdgitis and
diabetes would be required to be followed for tbeation of the study. To compensate
for an estimated 20 % drop out of subjects, thevaas to recruit 36 T2DM subjects
with periodontitis into the study. Using an estimat the prevalence of periodontitis in
diabetic populations of approximately 30% (Nelsbale 1990), it was estimated that
140 T2DM subjects would be required to be screeémedder to identify 36 T2DM

patients with periodontitis.

2.5 Periodontal disease case definition

At the first visit (pre-treatment screening), albgects received a full periodontal
examination, including PIl, modified Gingival IndéxGl), PD, recession and BOP.
Radiographs were obtained as clinically indicaget clinical and radiographic
examinations were used to confirm the periodontgrbsis based on diagnostic
criteria (Table 2.1). Difficult diagnoses were re®adl by discussion between two

clinicians.
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Table 2.1 Periodontal Diagnostic Criteria

Healthy BOP< 15%

Periodontium No probing depth sites >4mm

No attachment loss — disregard localised recegsign due to
tooth brush trauma)

No bone loss

Gingivitis BOP > 15%

No sites with probing depths > 4mm, except foraup sites
with 5mm probing depths (e.g. at distal surfactasf standing
molars)

No attachment loss - disregard localised receggi@n due to
tooth brush trauma)

No bone loss

Periodontitis > 6 sites with probing depths afsmm
Loss of attachment and / or bone loss

Robust case definitions for periodontal statusrageired to avoid misclassification of
subjects. Table shows the case definitions usétkilcurrent study to define
periodontitis, gingivitis and healthy periodontium.
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2.6  Clinical protocol

2.6.1 Plaque scores

The plaque index (PI) of Silness and Loe was uSddgss and Loe, 1964) as follows:
0 No plaque.

1 A film of plaque adhering to the free gingival miargnd the adjacent area of
the tooth. The plague may be seen in situ only aftelication of disclosing

solution or by using the probe on the tooth surface

2 Moderate accumulation of soft deposits within tiregtyal pocket, or the tooth

and gingival margin which can be seen with the dakee.

3 Abundance of soft matter within the gingival poc&atl/or on the tooth and

gingival margin.

The tooth was dried with a gentle stream of air disdlosing solution was not
used. Visual examination was sufficient to idensifes with a score of 2 or 3. If no
plaque could be seen with the unaided eye, theepn@s swept along the gingival
margin to differentiate between a score of 1 @qule was present on the probe tip) or 0
(with no plaque present). The presence or absdadgque was recorded at 6 sites per
tooth on the four target teeth from which GCF sasaplere taken. The scores were
recorded immediately by an assistant (as were \gahgcores, probing depths, recession

and bleeding scores).

2.6.2 Modified Gingival Index

The modified gingival index (mGI) (Lobene et al98b) was used to clinically

assess gingival inflammation as follows:

0 Absence of inflammation.
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1 Mild inflammation; slight change in colour, littiehange in texture of any

portion but not the entire gingival margin or p&gy gingival unit.

2 Mild inflammation; criteria as above but involvitige entire marginal or

papillary gingival unit.

3 Moderate inflammation; glazing, redness, oedeméaoainypertrophy of the

marginal or papillary gingival unit.

4 Severe inflammation; marked redness, oedema ahgpartrophy of the
marginal or papillary gingival unit, spontaneousdaling, congestion or

ulceration.

The gingival tissue was dried with a gentle stredirir. Visual examination
was used to allocate a score at 6 sites per tootheofour target teeth, from which GCF
samples were taken. A score of 0 was allocated ihflammation was seen and a score
of 4 was given if the tissues were severely infldrdisplaying spontaneous bleeding,
ulceration or marked swelling/redness. A score wi% given if only part of the area
was inflamed. Scores 2 and 3 indicated mild anderaid inflammation that affected

the entire area.

2.6.3 Probing depth
The University of North Carolina (UNC) 15 probe (i&ply, Addlestone, UK)

was used to measure probing depths (PD), takdmeadistance from the gingival

margin to the base of the pocket. The probe wastied into the pocket and advanced
apically, along the long axis of the tooth, urttié resistance of the gingival tissue at the
base of the pocket was felt. The probing depthroBiog was made in mm by direct
visualisation of the probe markings. Probing deptkge recorded at 6 sites per tooth

for all teeth present, excluding th@ Bolars.
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2.6.4 Bleeding on probing

Following the completion of probing depths withineoaspect of a quadrant (for
example, buccal aspect of the upper right quadthatprobing sites were re-examined
to determine whether post-probing bleeding occurBéekeding status was recorded
dichotomously at 6 sites per tooth depending orptheence or absence of bleeding

from the base of the pocket following probing.

2.6.5 Recession

The UNC 15 probe was used to measure recessian takthe distance from
the cemento-enamel junction (CEJ) to the gingivaigim. Recession was measured
whilst the probe was inserted into the pocket dutire probing depth assessment.
When the CEJ could be seen above the gingival maitge recession recording was
made in mm by direct visualisation of the probingrkings. When the CEJ was below
the gingival margin, the trained clinician estintatee position of the CEJ in relation to
the gingival margin and made a negative recordingin. Recession was recorded at 6

sites per tooth for all teeth present, excludirgg3fi molars.

2.6.6 Loss of attachment

The value for loss of attachment (LOA) was the sidiprobing depth and
recession, and is therefore, the distance fronCt&to the base of the pocket. LOA

was calculated at 6 sites per tooth for all teegsent, excluding thé®molars.

2.6.7 Periodontal epithelium surface area and periodontiinflamed
surface area

Using a previously published Excel spread sheegA@nnt) and PISA (mr)
were calculated for each subject (Nesse et al8RGUrstly, LOA and recession values

at 6 sites per tooth were entered, allowing PESAé&zh tooth to be calculated. The
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PESA for each tooth was multiplied by the propartid sites around the tooth that was
affected by BOP to calculate the PISA for eachhio®he sum of all individual PISAs
around individual teeth gave the total PISA (fmithin each subject’s mouth and

similarly the sum of all individual PESA gave toRESA (mm).

2.6.8 Smoking status

Pre-treatment and at month 12 smoking habits wesessed, according to
whether the subjects were current, non, or ex-snsakad the smoking extent of the
current and ex-smokers further quantified accordiinpe standardised measure of pack
years. This equates the number of cigarettes stokeach patient to the number of
pack years smoked, a pack year being equal to simdkpack of 20 cigarettes per day

for 1 year.

2.6.9 Demographic data

At the pre-treatment screening visit, demographitadncluding age and gender
was recorded. Socio-economic status was assessgdndex of multiple deprivation
(IMD). A number of indicators, covering a rangeeasbnomic, social and housing
issues are combined to produce a single IMD eacll sirea in England. Each area can
also be ranked relative to another according tw teeel of deprivation. The Office of
National Statistics’ online neighbourhood statsticol was used to calculate IMD from

a subject’s 6 digit postcode.

2.6.10 Diabetes history

For all subjects with T2DM a diabetes history walseh at the screening visit.
This included years since diagnosis, age at diagnfsnily history of diabetes, method
of diabetes control, level of glycaemic controthe last year (good/moderate/poor),

presence of macro- and microvascular diabetes ¢oatipins and medications.
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2.6.11 Physical examination

At the pre-treatment screening, month 6 and mo#gthidits, subject’s blood
pressure was recorded using the subject’s righéugpn, with the patient seated using
an automated machine. Height and weight were alsorded allowing body mass index
(BMI) to be calculated by dividing the weight (ifldgrams) by the square of the height

(in metres).

2.6.12 Oral examination

At the pre-treatment screening visit, oral sofuiss were examined to identify
any lesions, oral candidosis or xerostomia. Dentigeewas also recorded. The dentition
was then examined, teeth were assessed on a pnedldéntal examination criteria

(Kelly, 2000), recording the number of teeth inleaategory (Table 2.2).

2.6.13 Oral health behaviour

At the pre-treatment screening appointment, subpetre asked closed
questions regarding oral health behaviour. Questiociuded frequency of tooth

brushing and interproximal cleaning as well asnignand reason for last dental visit.
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Table 2.2 Diagnostic criteria for hard tissue exammation

Sound & Untreated

No evidence of caries into dentine or restorations
Including caries restricted to enamel

Restored (1 to 3
surfaces)

Amalgam, composite, GIC, F/S, onlays, inlays ancréwns —
up to and including 3 surfaces

Including veneers, shims and adhesive retainensefin
retained bridges

Extensively Restored
(4 or more surfaces)

Amalgam, composite, GIC, onlays or inlays — 4 stefaor
more

Permanent or temporary crowns, including full caxger
crowns and conventional bridge abutments

Carious

Visual — usually manifests as shadowing under atueal
surface or marginal ridge

Cavitated — but no pulpal involvement
Includes temporary dressing placed for treatmetaks

Broken down /
pulpal involvement

Teeth so broken down that it is inconceivable thate is not
pulpal involvement

The hard tissues were examined and assessed agamgire-defined dental
examination criteria (Kelly, 2000)
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2.6.14 Non-surgical periodontal management and follow-pi

Following pre-treatment screening, comprehensikgetad non-surgical
periodontal therapy was provided for subjects wihiodontitis (the treatment day
constituted the baseline time point, and was withmonths of the pre-treatment
screening appointment), using oral hygiene insimadfOHI) and a full mouth
instrumentation (FMI) approach (Quirynen et al.Q@0D A combination of ultrasonic
instrumentation, using a Cavitron Select machinentBply, Addlestone, UK), and hand
instrumentation, using flexichange scalers andeyraurettes (Dentsply, Addlestone,
UK), was used. Pockets were irrigated with 0.2%«texidine gluconate (Kent
express, Kent, UK). Effective tooth brushing an@iproximal cleaning was

demonstrated to the patient.

The subjects were then seen at week 3 and waékrGnitial treatment for OHI
and further prophylaxes to disrupt reforming plageposits. For these subjects, a
periodontal examination was subsequently undertak@ 6 and 12 months after the
initial instrumentation to evaluate periodontal lmeafollowing the treatment.
Additional periodontal treatment to eliminate pepatal inflammation was undertaken
at months 3, 6 and 12 months as clinically indidgtggure 2.1). Pre-treatment
screening was undertaken on all participants, hewenly those subjects with
periodontitis proceeded beyond screening. At tleetfgatment screening appointment,
subjects with gingivitis received oral hygiene mstion and full mouth instrumentation
and prophylaxis, as required. Patients with girigior healthy periodontal tissues were

not followed up after the screening visit.
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2.6.15 Data collection & storage

Patients were allocated a subject identificatiomber and each patient had a
case report form (CRF) in which all clinical perovdal data were recorded at the time
of examination by the clinician or an assistante Tésults from the clinical

biochemistry laboratory were also recorded witlhi@ patient's CRF.

2.7 Statistical analysis

Statistical analyses were conducted using thessitati software SPSS 15. All
variables were assessed for normality using thenigbrov-Smirnov test,
supplemented with histograms. Where there was/iteece to reject normality,
means and standard deviations (SD) of these paramatiables were calculated.
Where the assumption of normality was rejected,iamsdand interquartile ranges
(IQR) of these non-parametric variables were cated. Discrete variables were

analysed using chi-squared tests. The significahedl tests was assessed at the 5%.

Cross-sectional pre-treatment data (categorisegbbas diabetes status) were
analysed with independent samples t-tests or MahitAdk tests for parametric or non-
parametric variables, respectively. Cross-sectidatd (categorised based on
periodontal status and diabetes status) were aathlygh one-way analysis of variance
(ANOVA) or the Kruskal-Wallis test for parametrincanon-parametric variables,
respectively. Independent samples t-tests or Mahiti&ly tests were applied fpost
hoc analysis of parametric or non-parametric datgpeetsvely. A P-value of <0.05 was
considered significant. P-values were correctedrfoltiple comparisons with the
Bonferroni-Holm test. The associations betweenlagmlevels and clinical data were

assessed using Pearson’s correlation coefficients hoth variables were normally
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distributed, or Spearman’s correlation coefficigntm), if both variables were not

normally distributed. Scatter diagrams were carcséd to illustrate these associations.

Longitudinal non-parametric data were analysed wieghFriedman test, with the
Wilcoxon Mann-Whitney test applied fpost hoc analyses. Longitudinal parametric
data were analysed with repeated measures ANOVAaimdd samples t-tests for post
hoc analyses. A p-value of <0.05 was considereufgignt. P-values were corrected
for multiple comparisons with the Bonferroni-Holest. At each time-point, for
subjects with periodontitis only, cross-sectioraladwere analysed using independent
samples t-tests or Mann-Whitney tests for parametrnon-parametric data,
respectively. Also, to evaluate the impact of argrpeatment differences between
subjects with T2DM and non-diabetic subjects, asialgf covariance (ANCOVA) was
performed, using diabetes status as a factor att@atment parameter as covariate to
reveal whether adjusted month 3, month 6 and mb2gbarameters still differed

significantly between subjects with and withoutidites.

Multinominal logistic regression analyses were ggapto test the value of PISA
as a predictor of periodontal status categorisggeasdontal health, gingivitis or
periodontitis. Linear regression analyses were tsegtermine the ability of cytokine

levels in GCF and saliva to predict PISA.
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Figure 2.1  Overview of study protocol

Pre- Treatment We*ek We*ek Mo[lth Mo[lth Month
treatment| (month 0) 3 6 3 6 12
screening
Informed consent °
Demographic °
data
Medical history ° ° °
Diabetes history o
Smoking status L
Physical exam ° ° °
Oral health °
history
Oral examination ° ° ° ° ° °
GCF samples ° ° ° °
Saliva samples ° ° ° °
Periodontal Pl ° ° ° °
examination e . . m .
PD ° ° ° °
Recessior ° ° ° °
BOP ° ° ° °
Blood samples | HbAlc ° ° ° °
hsCRP ° ° ° °
Lipids ° ° ° °
Initial OHI & °
periodontal FMI
therapy
Prophylaxis ) ° ° ° °
Additional (As ° ° °
periodontal required)
therapy

Table shows an overview of the study protocol ghhght the procedures undertaken at each timet poin
* not used in non-diabetic subjects
only in subjects with periodontitis
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2.8 Sampling, elution and storage of GCF

GCF was sampled with Periopaper strips (Oraflow Ne&w York) and the
volume quantified using a calibrated Periotron 6(@@&shaw et al., 1996). Prior to use,
the Periotron was allowed to ‘warm up’ accordinghte manufacturers’ instructions,
and then zeroed with a blank (dry) Periopaper.rElading dial was adjusted until the

digital display indicated zero.

To minimise contamination by blood, GCF samplesewmilected prior to
periodontal probing. At screening, 4 GCF samplesveollected from each patient,
from the mesio-buccal aspects of the folindolars. If the T molar was absent in a
quadrant, the™ molar was used, then th& premolar, then the*lpremolar, then the
canine or incisor teeth (the sampled teeth wergydated target teeth). The site was
isolated with cotton rolls and a saliva ejectod dnied with a gentle stream of air.
Supragingival plaque, if present, was carefully oged with a curette prior to
sampling. A Periopaper was placed carefully ineoghlcus until mild resistance was

felt and was held there for 30 seconds.

The paper was transferred immediately to the javiseoPeriotron to minimise
evaporation errors. Care was taken to ensure #raigapers were positioned in a
standardised position between the jaws, so thdilt#wk line on the paper was at the
outer rim of the jaw plate. After ‘mode II' illumated on the Periotron display, the GCF
volume (in Periotron units) was recorded by anségst. The Periopaper was then
placed into a sterile plastic 0.5ml micro-tube €Badlt, Leicester, UK) containing 1d0
autoclaved and filtered phosphate buffered sab&S). Each GCF sample was stored
in a separate micro tube and each tube was labgitedhe patient’s study number,

tooth number and date. Between samples, the jawvsed?eriotron were cleaned with
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an alcohol swab and allowed to dry. The GCF samp&s kept on ice at the chair side
and transferred, within 20 minutes of samplinght laboratory and frozen at gD

(Cutler et al., 1999a) to await subsequent elufi@nalysis.

This process was used to collect GCF samples fr@nsame 4 sites at months 3,
6 and 12 in those patients who were diagnosedpetiodontal disease and who were

entered into the longitudinal phase of the study.

Elution of GCF from the Periopaper was carriedauthe same day the samples
were analysed used the Multi-spot cytokine ass#ysainples were thawed on ice for
15 minutes and then pDof 1% bovine serum albumin (BSA) was added. Ga@mr@es
were centrifuged (Sigma 3K10 centrifuge) at 300fpn60 minutes at%C and then at
12000rpm for 2 minutes af@. The Periopapers were then removed with college
tweezers, with the ends of the tweezers beingdimsth phosphate buffered saline PBS

between samples.

2.9 Collection of venous blood sample

A tourniquet was applied 8 cm above either theautiial fossa or the hand, and
the veins were allowed to engorge with blood. Usir®ll gauge and 1.5 inch
Vacutainer needle (NHS Supply Chain, Derbyshire) dikd a needle holder for 16mm
diameter tubes (NHS Supply Chain, Derbyshire, Wi€hous access was achieved and
a venous blood sample was taken to fill the follugvihree plastic, Vacutainer tubes
(BD, Oxford, UK): 3ml EDTA (lavender top), 5ml senuseparation (gold top) and 9mi
serum separation tube (gold top). Once all blood seanpled, the tourniquet was
loosened, the needle removed and pressure applied sample site with cotton wool

until haemostasis was achieved. All tubes contgittie blood samples were slowly
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inverted at least five times and, keeping the tulpegght, the samples were left to stand

for 30 minutes prior to transferring to the apprafe laboratory.

2.10 Clinical biochemistry analysis

The 3ml EDTA (lavender top) and 5ml serum sepamnafmld top) tubes were
labelled with a adhesive labels from the patieh@spital notes and these samples were
subsequently sent to the Clinical Biochemistry Depant of the Newcastle Royal
Victoria Infirmary for analysis of the HbAlc, hsCRAglyceride, cholesterol, high
density lipoprotein (HDL) and non-high density Iggoteins (non-HDL) levels
according to the standard operating procedureeoNiwcastle Hospital NHS Trust

Clinical Biochemistry Laboratory.

2.11  Serum separation and storage

The 9ml serum separation tube (gold top) was &apte at the chair side and
transferred, within 2 hours of sampling, to theolatory. The sample was centrifuged
at 1500 x g for 15 minutes al@to separate the serum to the top of the tubéheia
formation of a polymer barrier. A Pasteur pipeteswsed to transfer the serum into six
0.5ml micro tubes, labelled with subject number daté and samples were then frozen

at -80°C to await subsequent elution & analysis.

2.12  Collection and storage of saliva

10ml of sterile saline was syringed onto the ugpegival margins, with the
patient sat upright in the dental chair. The patweass asked to rinse around for 30
seconds and then expectorate into a polystyreneldup expectorated saliva wash was
transferred into sterile 15ml centrifuge tubes §8att, Leicester, UK) The saliva wash
sample was kept on ice at the chair side and eamsf, within 20 minutes of sampling,

to the laboratory. The sample was centrifuged 80259 for 15 minutes af’@ to
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separate any particulate matter to the bottomeftube. A Pasteur pipette was used to
transfer the fluid into four 0.5ml micro tubes, dédlled with subject number and date and

samples were then frozen at °8Qo await subsequent elution & analysis.

2.13 Calculating GCF volume

Firstly, a quadratic equation was generated asgbaine calibration of the
Periotron 6000 which was undertaken every 12 wedekisig this study. Then the
software package Excel was used to solve the qu@ecguations in order to calculate

GCF volume from the Periotron units.

2.14  Multi-spot cytokine assay

IL-6, TNF-0, INF-y and IL-13 concentrations in serum, saliva and GCF samples
were determined with a commercially available humpaninflammatory 4-plex |
Ultrasensitive kit (Meso Scale Discovery, MarylabkBA). All assays were performed
at room temperature. Details of sensitivity ranigesach cytokine are listed in table
2.3. The multi-spot assay employs a sandwich imrass&y format within a 96 well
plate, in which 4 specific capture antibodies amenbbilized on 4 different spots at the
base of each well. The standard solution or sangskegcubated in the plate, and each
cytokine binds to its corresponding capture antybgpbt. Cytokine levels are
quantified using a cytokine-specific detection botiy labelled with MSD SULFO-

TAG reagent (Figure 2.2).

Nonspecific binding, on the pre-coated 96-well rirsiitot assay plate (Meso
Scale Discovery, Maryland, USA) was blocked withyi28f Human Serum Cytokine
Assay Diluent (Meso Scale Discovery, Maryland, USR)e plate was sealed with an
adhesive plate seal and incubated for 30 minutesoat temperature on a plate shaker

at 300 rpm. The Human Serum Cytokine Assay Dilueag aspirated out of each well
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and 25ul of the sample (in duplicate) or 26 of standard (in duplicate, serial dilution
prepared in Human Serum Cytokine Assay Diluentlevaetded in accordance with a
pre-defined plate map. A duplicate Human Serum KiggoAssay Diluent sample was
included as a negative control. Standard and samysee sealed and incubated for 2
hours on a plate shaker at 300 rpm. The sampl@aondard was aspirated off and the
plate was washed three times with wash buffer (@.0%veen 20 in PBS), aspirating the
contents of each well between each washul 25 the prepared detection antibody
solution (60ul detection antibody blend, Meso Scale Discoveityted into 2.94 ml of
Human Serum Cytokine Assay Diluent) was added ¢ @zell. The plate was sealed
and incubated for 2 hours on a plate shaker ar@®0Q avoiding direct light. The
detection antibody solution was aspirated off dredwashing step was repeated. b0
of the prepared read buffer (8ml read buffer solutMeso Scale Discovery, in 8ml of
de-ionized water) was added using reverse pipetticignique, to avoid air bubbles.

The plate was immediately analysed using the SECinager.

To utilize the quantitative value of the electrestiluminescent detection, a
titration curve was produced for each plate usikg@vn standard. Using the software
provided with the SECTOR instrument, a 4-paramleigstic model was used to fit the
data generated from the known standards. The #ghigmsiused by the SECTOR
instrument allowed signals from standard sampléis known levels of the cytokine to
calculate the concentration of the cytokine ingample. The SECTOR instrument
calculates the lower detection limit for each pléi@sed on 2.5 standard deviations

above the value for the negative control (O pghahdard) (Table 2.3).
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Table 2.3 Sensitivity range for multi-spot cytokine assay

Multi- spot cytokine assa Sensitivity range [pg/ml]
IL-18 2500 -0.78
IL-6 2500 -0.76
TNF-a 2500 - 0.96
INF-vy 2500-1.8

Figure 2.2  Diagram of multi-spot cytokine assay

MSD SULFO-TAG
labeled detection antibody

Protein of interest

/

Capture antibody
(directly adsorbed)

A oo
\ ,
/ y/a \ Counter

B electrodes
N / \ /

MSD MULTI-ARRAY
96-Well Plate Working electrode

/
w

Dielectric

The diagram represents the mr-spot cytokine assay which employs a sand\
immunoassay format within a 96 well plate. At tlasé of each well, 4 speciicapture
antibodies are immobilized on 4 different spotshding the simultaneous quantificati
of IL-6, TNF-a, IL-1f and IFMy from a 25ul clinical sample.
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Chapter 3 Calibration and verification studies

3.1 Clinical Calibration

3.1.1 Background

In clinical periodontal research, periodontal probee used to make direct, site-
specific measurements of PD and recession. LORKeis talculated with LOA= PD +
recession. LOA has been described as the goldat@dnteasurement for assessing
periodontal disease progression and therapeutcomes (Jeffcoat, 1992; Pihlstrom,

1992; Reddy, 1997).

Manual probing has been shown to accurately as€eaqHull et al., 1995).
However, the validity of periodontal probing to @ss PD is dependent upon the
accuracy and reproducibility of probing measuremenractors, including probing
pressure, probe tip diameter, variations in probekimgs and probe insertion angle
may contribute to increased variability and deaedagproducibility in PD

measurements (Pihlstrom, 1992; Reddy, 1997).

A low level of examiner reproducibility in periodiah probing assessments
leads to higher measurement variance independehné @fctual biological component
of the probing variance (Jeffcoat, 1992). This wdopibtentially increase the need for
larger sample size to demonstrate statistical sogmce between outcomes variables
and would raise the minimum threshold of clinidadoge needed to reliably identify
periodontal sites that experience progression alifiggin longitudinal analysis.
Assessment of examiner reproducibility and calibratraining are used to identify and

minimise sources of examiner variation (Polson,7)99
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3.1.2 Aim

The aim of this phase of the research was to exaimter- and intra-examiner
reproducibility for the measurement of PD, recasspdaque and gingival

inflammation.

3.1.3 Methods

The clinicians responsible for performing the pdaotal examinations
underwent calibration training, including a disdassof the principles of periodontal
data collection and procedures focused on the fus@oual probing forces,
identification of interproximal sites and appropeiaeference points, LOA calculation
and the use the Pl and mGl to score plaque andvgingflammation. Following this,
both slides (Pl and mGl) and patients (mGl, PD rau@ssion) were examined to assess
examiner reproducibility. Each clinician indepentigmade an initial evaluation to
provide measurements of mGl, PI, PD and recessi6rsides per tooth. Following a 30
minute break, measurements were repeated by eaafirer. During the repeat
assessment, the examiners were blind to both ifie iIméeasurements and the
measurements of the other examiner. To reflectliversity of patients, a variety of
patients were used to assess reproducibility, duetuthose with healthy periodontal

tissues, gingivitis and periodontitis.

The percent exact agreement and agreement withrth Qvere determined
between initial and replicate assessments of Rigsston, Pl and mGIl. Kappa statistics
(Hunt, 1986) were used to quantify inter- and wexaminer agreement beyond chance
for site-based replicate assessments of PD, reced$3i and mGIl by employing all
examined sites and ignoring the contribution ofjscis. A> 80% level of exact
agreement anda90% level of within 1 agreement was consideresfgatory and

kappa values between 0.40 and 0.75 were consitieregresent fair to good
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agreement, with kappa > 0.75 indicating excellgmeament (Landis and Koch, 1977,

Petrie, 2009).

3.1.4 Results

Table 3.1 reveals that in Nov 2006, at the stathefstudy, the exact agreement
for mGl, PI, PD and recession was found to be ablog&0% level and the within 1
agreement was above the 90% level for both examiifiéie kappa values for exact
intra-examiner agreement all exceeded the thresiegldred (> 0.75) to indicate
excellent intra-examiner agreement except for nmG&xaminer 2 with a kappa value of

0.68 indicated good intra-examiner agreement (Takle

Table 3.1 demonstrates that at this same time gbimkappa values for exact
inter-examiner agreement for Pl and recession @&® and 0.50, indicating fair inter-
examiner agreement. However, for PD inadequate-examiner agreement was
indicated by a kappa value of 0.30. The kappa vialuenGI could not be computed
due to the lack of symmetry in the categories ef2kway table from which kappa
value is calculated. The exact agreement was ftube above the 80% level for P,
but not for mGI, PD and recession and the withagdeement was above the 90% level
for mGl, PI and recession. Inter-examiner agreeroeukd be considered adequate for

mGl, Pl and recession but not PD (Table 3.1)

Table 3.1 reveals that in Dec 2006, following fertlealibration training, the
exact agreement (within 1) for PD was found to P®% (97.6%) between examiners
and the kappa value for exact inter-examiner agee¢mor PD of 0.75 indicated

excellent inter-examiner agreement (Table 3.1).

Table 3.1 also presents data at a further 3 tinnggoarried out within the

timeframe of the clinical trial. Despite variationkappa values, all the measurements
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demonstrated kappa values that indicated fair tald6.40 and 0.75) or excellent (>
0.75) agreement. Furthermore90% level of within 1 agreement was seen for all
measurements demonstrating good intra-examineeamgnet with variations mostly

occurring within 1 (Table 3.1).

3.1.5 Conclusion

The findings demonstrate that, using a manual prajyeropriately trained
examiners produce kappa values for exact agreetma&nndicate acceptable inter- and
intra-examiner agreement. Furthermore, a hig8(d%) level of within 1 agreement

confirms that when agreement is not seen the madgf differences is small.



Table 3.1

Intra- and inter-examiner reproducibility data

Nov 2006 Dec June 2007 May 2008 Sept 2009
2006
mGl Pl PD Rec PD mGl Pl PD Req mGl Pl PD Rec mGl D P Rec
Examiner K 0.86 0.83 0.80 0.90
1(PG) Exact 90.6% 88.9% 85.5% 93.69
agreement
Within 1 100% 100% 98.8% 98.89
Mean bias -0.04 0.03 0.02 -0.0
Measurement| 0.03 0.01 -0.004 0.01
error
Examiner K 0.68 0.77 0.79 0.82 0.46 0.69 0.55 0.65 0.77 0.820.54 0.54 0.45 0.63 0.65
2 (HF) Exact 81.3% 89.2% 83.7% 86.6% 64.9% 77.1% 75.0% 95/8%.49%85 90.0% 70.5% 76.3% 69.0% 79.5% 80.8%
agreement
Within 1 100% 100% 97.1% 99.4% 93.5% 100% 98.6% 0940 99.3% 96.3% 97.4% 94.7 99.4 100 98.1
Mean bias -0.02 0.05 -0.12 0.01 -0.39 -0.15 -0.040.01 -0.10 0.01 0.10 -0.02 -0.17 -0.03 -0.04
Measurement| 0.04 0.02 -0.04 0.02 0.27 -0.03 -0.03 -0.01 0.050.0012 0.10 -0.03 0.12 -0.03 0.07
error
Inter- K - 0.61 0.30 0.50| 0.75
examiner Exact 745% 83.1% 47.7% 65.49 82.9%
agreement
Within 1 100% 100% 86.9% 93.39 97.6%
Mean bias -0.06 0.03 0.02 -0.1} -0.04
Measurement, 0.02 0.01 -0.27 -0.00] -0.02
error
K. kappa statistic
Exact agreement: exact agreement between replicateeasurement scale
Within 1: agreement between replicates to withimit on measurement scale
Mean bias: mean of differences between replicates

Measurement error:

standard deviation of differermween replicates
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3.2 Periotron calibration

3.2.1 Background
The Periotron 6000 (ProFlow Inc., Amityville NY, B$is used to determine

GCF volumes sampled on Periopaper strips, and s $hown to be reproducible and
accurate when operated correctly (Chapple et295)1 The Periotron 6000 quantifies
the volume of GCF collected on a filter paper byamging the electrical capacitance of
the wet paper strip. The Periotron must be caldatgirior to use by the placement of
known volumes of test fluid onto Periopapers amairéing the digital output to

produce a calibration curve. In the present sttltyPeriotron was calibrated every 12
weeks. Previous research has demonstrated thealibeation curve for the Periotron
6000 is quadratic in nature (Preshaw et al., 19Bi&)s, by solving a quadratic

equation, a Periotron unit can be converted inB&Cé fluid volume.

3.2.2 Methods

The Periotron 600 fluid analyser was allowed torwaip for 10 minutes prior to
use, then zeroed with a dry Periopaper. A HamilodO series microlitre syringe
(maximum volume 21l with 0.02ul gradations) was used to dispense known volumes
of calibration liquid (human serum) onto Periopapédaleally, GCF should be used for
calibration purposes, although it would be probaivlgossible to collect sufficient
volumes. It is generally agreed that serum is thetrappropriate alternative, being

similar to GCF in both viscosity and compositionn{@soni, 1974).

Whole human venous blood samples were collectediml| serum separation
tube (gold top). After 30 minutes standing at raemperature, the sample was
centrifuged at 1500 x g for 15 minutes &CAto separate the serum to the top of the

tube via the formation of a polymer barrier. Tharton syringe was mounted in a
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retort stand positioned at eye level to minimiseajpax errors. A piece of lightly
coloured card placed behind the syringe facilitatedalisation of the meniscus. Serum
was repeatedly drawn into the syringe then dispktsensure that the inner walls of
the syringe barrel were coated prior to calibratihdifferent volumes of serum
(ranging from 0.1 to 1.6l) were used, and each volume was measured ircaipl
Serum was dispensed from the syringe onto the pag&r strip which was transferred
rapidly to the jaws of the Periotron to minimiseparation errors. Between each
sample the jaws of the Periotron were cleaned anthlcohol swab and allowed to dry.

The Periotron was then re-zeroed with a dry Pepepatrip.

3.2.3 Results

The calibration curve generated for the Periotrd® 6sing serum is shown in
Figure 3.1. The quadratic regression equationssA®?+ BV + C (where P =
Periotron units, V = fluid volume and A, B and @ aonstants determined by the

regression). In this case, P = -59.49V193.41V — 16.719 (Figure 3.1).

3.2.4 Discussion

Ensuring accuracy is important when evaluating @regenting cytokine levels
in GCF. Within the literature, cytokine levels gmesented as ‘total amount of cytokine
protein’ per 30 second GCF sample and/or concemtraf cytokine, in which the total
amount of cytokine is divided by the GCF volume 1{@aet al., 2008; Santost al.,
2010; Kardesleet al., 2011). However, when presenting GCF levels asnaentration
there should be an appreciation that very low GGlEmes could have a dramatic
affect on a calculated GCF cytokine concentrafidns would have particular
consequences in prospective treatment studiestbavaluating the impact of
improved periodontal health, following periodornta¢rapy, on GCF cytokine levels.

For example, in recent studies, reductions in @@ volume and total amounts of IL-



3 Calibration and verification studies 98

6, IL-1B and IFNy in GCF have been shown to accompany improvements i
periodontal health following periodontal treatmen®2DM subjects, however, when
the same changes in cytokine levels are presestedreentrations they appear to
demonstrate increases in cytokine levels followpegodontal treatment (Correaal.,
2008; Santost al., 2010; Kardesleet al., 2011). It is possible that this apparent
increase in GCF cytokine levels is an artefachefreductions in GCF volume. To aid
interpretation of results and improve the clarityonclusions drawn from prospective
studies such as these, it would seem more apptepoigpresent changes in GCF

volume and changes in total amount of GCF cytokseeparate treatment outcomes.
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Figure 3.1

Example Periotron 6000 calibration cure
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1

Serum Volume

15

Scatter plot for Periotron units generated for if&ent volumes of serum (ranging

from 0.1 to 1.6.l) undertaken in triplicate with quadratic trenddi This was

undertaken as part of the Periotron 6000 calibnadtodies.
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3.3 Verification of methods for GCF elution

3.3.1 Background

The clinical GCF sampling technique, using filtappr strips placed within the
gingival crevice for 30 seconds is consistentlycdégd within the literature
(Engebretson et al., 2007). However, the method tselute mediators from the filter
paper strips into supernatant for analyses isyaescribed, with variations in elution
method having a potential impact on mediator leMelsan attempt to devise a standard
methodology that maximised cytokine protein elutieerification studies were

conducted to compare 4 different elution methods.

3.3.2 Methods

1ul of known concentration of IL-6 was spiked ontBeriopaper strip and then
placed into 15@l PBS. The chosen elution method was used (A, 8; B). The
Periopaper was removed and the recovered IL-6 obraten quantified using an IL-6

ELISA (DuoSet human IL-6, R&D systems).

A: Centrifuge 60 minutes at 300 rpm (8 g) and themrfutes at 12000 rpm (13201 g),
4°C.

B: Centrifuge 2 minutes at 12000 rpm (13201 d)C4

C: Addition of 5Qul 1% BSA, centrifuge 60 minutes at 300 rpm (8g) #r&h 2 minutes

at 12000 rpm (13201 g),°€.
D: Addition of 50ul 1% BSA, centrifuge 2 minutes at 12000 rpm (133114 °C.

3.3.3 Results

Table 3.2 shows the mean recovered IL-6 conceotraind the % recoverability for

the 4 methods, based on 2 independent experimesdyed in triplicate. Both the
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addition of 50ul 1% BSA, to reduce non-specific binding, and déngation of
samples for 60 minutes at low speed, improvedebeverability of IL-6 from

Periopapers, particularly at lower concentratiorab(e 3.2).

3.3.4 Conclusion

The elution protocol for clinical GCF samples wafrmed by these results.
This will ensure maximal recoverability of cytokepresent at low physiological levels
within GCF samples. Therefore, prior to quantificatof cytokines, GCF samples were
taken out of storage in the -80 freezer and defrosted on icepub0% BSA was then
added and samples were centrifuged for 60 minwtd8tarpm (8 g) and then for 2

minutes at 12000 rpm (13201 g) 8€4method C).
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Table 3.2 Recoverability of IL-6 following elutionfrom Periopapers
Method A Method B
Conc (pg/ml) | recovered IL-6 % recovered IL-6 %

Conc (pg/ml)*

Recoverability

Conc (pg/ml)* Recoverability

233.33 146.59 62.83 123.97 53.13
116.67 26.89 23.05 26.09 22.36
58.33 8.07 13.83 6.05 10.37
Method C Method D
Total IL-6 Mean recoverec Mean recoverec
Conc (pg/ml) IL-6 Conc % IL-6 Conc %
(pg/ml)* Recoverability (pg/ml)* Recoverability
175 92.88 53.07 78.76 45.01
87.5 34.63 39.57 17.28 19.75
43.75 14.17 32.39 8.11 18.53

The method used to elute mediators from the fijagyer strips into supernatant for
analyses is rarely described in the literatureh wériations in elution method having a
potential impact on mediator levels. The table shidve mean recovered IL-6
concentration and % recoverability for 4 elutiontinoels. Results are based on 2
independent experiments assayed in triplicate.ifitial total concentration of IL-6 is

lower for methods C & D because these samples dikried, as part of the method, by
the addition of 5Qul 1% BSA.
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3.4 Verification of multi-spot cytokine assay for clinical GCF

samples

3.4.1 Background

The accurate quantification of cytokines in biotmdisamples is dependent on
the accuracy of the analytical technique. In a@naptt to assess the suitability of the
multiplex cytokine assay to analyse GCF samplesativer limit of detection (LLOD)

and inter-plate variation was assessed.

3.4.2 Method

The multi-spot assay was performed according tgtbheiously described
method and the LLOD, which is the calculated cotregion of the signal that is 2.5
standard deviations over the zero standard, wasded for IL-6, IL-3, TNF-a and
IFN-y on 4 plates undertaken on different days (Tat8g 3dditionally, GCF was
sampled and immediately eluted according to theipusly described methods. To
avoid repeated freeze-thaw cycles the supernatamliquoted into 3 separate 500
microtubes prior to being stored in the -80 frearwil analysis. The assay was
performed according to the previously describedhmebn 3 plates undertaken on
different days (Table 3.4). All GCF samples wer@anbd once. The inter-plate variation

was calculated as follows:

x 100
mean

3.4.3 Results

The inter-plate variation for the calculated LLO® fL-6, IL-13 and TNFe

was 14.8 %, 10.8 % and 16.0 % respectively. Trex4pliate variation for the LLOD for
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IFN-y was 51.4% (Table 3.3). The inter-plate variation®@CF IL-6, IL-13, TNF-o and

IFN-y was 19%, 17.5%, 23.8% and 67.8 % respectivelyl€rad).

3.4.4 Conclusion

In summary, for the calculated LLOD the inter-plaggiation was less than 20%
for IL-6, IL-1pB and TNFe. Similarly for GCF samples the inter-plate vaoatwas less
than 25% for IL-6, IL-B and TNFe. These data indicate a reasonable level of
reproducibility and increases the confidence ohgshis multi-spot assay to quantify
IL-6, IL-1p and TNFe in GCF, particularly as the calculated LLOD valwese all
very low (typically < 1 pg/ml). However, for IFM-the inter-plate variation for the
calculated LLOD and GCF samples was 51.4% and 67e8%ectively. This indicates a
low level of reproducibility for IFNy and reduces the confidence for using the

multiplex assay to quantify IFMin GCF.
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Table 3.3 Inter-plate variation of LLOD for multi-s pot cytokine assay
Plate number IL-6 IL-18 TNF-a IFN-vy
(pg/ml) (pg/ml) (pg/ml) (pg/ml)
I 0.818 0.885 1.06 2.68
Il 0.656 0.808 0.779 1.26
1] 0.673 0.697 1.13 2.69
v 0.885 0.729 0.936 0.936
Mean 0.758 0.780 0.963 1.8
SD 0.112 0.084 0.154 0.926
%CV 14.8 10.8 16.0 51.4
Results are based on 4 plates (assayed on sepayadein duplicate
Table 3.4 Inter-plate variation of multi-spot cytokine assay for GCF samples
Plate number IL-6 IL-18 TNF-a IFN-vy
(pg/ml) (pg/ml) (pg/ml) (pg/ml)
| 4.54 211 1.06 2.6
5.16 229 0.96 2.49
Il 4.76 263 1.68 4.82
5.4 286 1.56 5.11
1l 3.43 186 1.09 0.76
3.46 192 1.13 0.82
Mean 4.45 227.8 1.25 2.77
SD 0.85 39.85 0.30 1.88
Inter-plate variation 19.0 17.5 23.8 67.8

Results are based on 3 plates (assayed on sefdayalen duplicate
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3.5 \Verification of stability of samples within -80°C freezer

3.5.1 Background

Within biological samples, the degradation of cytekproteins during storage
and prior to analysis could negatively impact am alscuracy of results for the
quantification of cytokine levels in clinical sarepl In an attempt to evaluate the
stability of cytokines within clinical samples, @fons in GCF, saliva and serum

cytokine levels following storage for 6 months 80°C was assessed.

3.5.2 Method

GCF was obtained and eluted according to the pusiyalescribed method. To
avoid repeated freeze-thaws, the supernatant was#dd into 2 separate 500
microtubes. Samples were then stored af&Bfor either 0 or 6 months. The multi-spot
assay was performed according to the previouslgriesi method. All samples were

freeze-thawed only once. The inter-plate variati@s calculated as follows:

x 100
mean

3.5.3 Results

For GCF sample A, the inter-plate variation, betwe®nth 0 and month 6, for
GCF IL-6, IL-1B, TNF-o and IFNy was 44.8%, 26.8%, 15.6% and 52.5% respectively
(Table 3.5). At both month 0 and month 6, the leVel IL-6 were below the mean
LLOD and the IFNy cytokine levels at month O was below the mean LL@i@ mean
LLOD was previously demonstrated in Table 3.3). &bcytokines, the month 6
analysis produced higher levels for all 4 cytokimesomparison to the analysis at

month O.
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For GCF sample B, the inter-plate variation, betwe®nth 0 and month 6, for
GCF IL-6, IL-1B, TNF-o. and IFNy was 21.5%, 29.3%, 33.68% and 30.8% respectively
(Table 3.4). At month 6, the differences betweendtplicates, for all 4 cytokines,
appear higher than previous verification data (&€&b#). For all cytokines, the month 6
analysis produced higher levels for all 4 cytokimesomparison to the analysis at

month O.

The mean inter-plate variation (for samples A ajpdoBtween month 0 and
month 6, for GCF IL-6, IL-f, TNF-o and IFNy was 33.1%, 28.0%, 24.7% and 41.7 %

respectively.

3.5.4 Conclusions

In summary, for GCF samples stored for 6 monthesi80°C freezer, the inter-
plate variation for IL-6, TNF and IL-13 appears higher than the inter-plate variation
seen previously without the extended storage tsee [Table 3.4). The apparent lower
levels of reproducibility for GCF IL-6, TNk-and IL-18 following storage for 6 months
in a -80°C freezer should, however, be interpreted with cawufithe levels for IL-6
were below the level of detection in sample A, ekphg the larger inter-plate
variations seen for this sample. Additionally, ainth 6 increased variations between
duplicates in sample B for all cytokines also citmtied to higher inter-plate variations.
Also, for all cytokines, the month 6 analysis proed higher levels for all 4 cytokines
in comparison to the analysis at month 0. This satgyprotein degradation is not a
significant issue. These data indicate that stocd@&CF samples in a -8C freezeffor
6 months may lead to an increase in inter-plat@atian but the effect that such storage
has on the level of cytokines present in samplesislear. Therefore, to minimise
such variations the time between sampling and arsalyas minimised by analysing

samples through-out the study time-frame.
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Table 3.5 Inter-plate variation of multi-spot cytdine assay for GCF samples
stored for 6 months in a -80°C freezer
Sample Time IL-6 IL-1p TNF-a IFN-y
(months) (pg/ml) — (pg/ml)  (pg/ml)  (pg/ml)
A 0 0.16 167 2.11 0.99
0.29 161 1.73 1.03
A 6 0.46 203 2.43 2.9
0.51 279 1.82 2.0
Mean 0.35 202.5 2.02 1.73
SD 0.16 54.27 0.32 0.91
Inter-plate variation 44.8 26.8 15.6 52.5
B 0 251 512 2.77 3.2
2.55 560 3 2.81
B 6 2.84 843 3.94 3.48
3.86 936 5.61 5.39
Mean 2.94 712.75 3.83 3.72
SD 0.63 208.52 1.29 1.15
Inter-plate variation 21.5 29.255 33.68 30.83
Mean inter-plate variation 33.1 28.0 24.7 41.7

SD inter-plate variation 16.5 1.7 12.8 15.3
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Chapter 4 Investigation of the general and oral health

status of patients with T2DM

4.1 Introduction

The epidemiological evidence from association gsidonfirms that diabetes is
a risk factor for periodontal disease. The riskdeveloping periodontitis is greater if
diabetes control is poor and those with good dialmeintrol do not have a greater risk
of periodontal disease than non-diabetic patiedédsonet al., 1990; Emrictet al.,
1991; Tayloret al., 1998a; Tsagt al., 2002). Furthermore, evidence suggests that those
with moderate levels of periodontal disease hadad increased risk for developing
T2DM (Demmer et al., 2008) and diabetics with seymriodontal disease are six times
more likely to have poor glycaemic control (Tayiral., 1996). This highlights a bi-
directional relationship between these two diseda@shermore, a recent meta-analysis
of cross-sectional data has demonstrated a posisiseciation between periodontal
disease and obesity, a known risk factor for T20Mdffee and Weston, 2010). This
highlights the importance of considering oral hea&lithin a wider perspective of
maintaining systemic health, however, previousaesehas demonstrated that the
attitudes towards oral health of patients with diak are poor in comparison to the

general population (Allegt al., 2008).

Recently, a small number of interventional studiiage used data from full-
mouth clinical periodontal measurements to descdhibgyeriodontal status of patients
with T2DM and periodontal disease prior to the jpgmn of periodontal management
(Correaet al., 2008; Daget al., 2009; Correat al., 2010; Kardesleet al., 2010; Santos
et al., 2010). Some studies demonstrated no significiffiereinces in the clinical

periodontal status at baseline (Dai@l., 2009; Kardesleet al., 2010), whilst another
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demonstrated that the diabetic group had highe&ldesf periodontal disease compared

to non-diabetic subjects (Correa et al., 2008).

4.2 Results

4.2.1 Demographic data

Demographic findings for the diabetic and non-disbsubjects are summarised
in Table 4.1. Of note, no significant differencetveen the T2DM and non-diabetic
groups were found for gender, age, ethnicity, smpkitatus and pack years. This
demonstrates that the non-diabetic and T2DM growgys appropriately matched for
gender, age, and ethnicity and were balanced foksm status. There was a 9%
prevalence of current smokers in the present stutgth the T2DM and non-diabetic

groups.

The demographic findings did, however, highlighineamportant differences
between diabetic and non-diabetic patients. The Hsliik differed significantly
between the T2DM subject8198 (3384-21930)and the non-diabetic subject8p13
(7658-25035), demonstrating that diabetic subjects lived inrendeprived areas. The
subjects with T2DM had significantly higher systdiilood pressurelfi6.9 (+21.2)]
compared to the non-diabetic grou$.6 (+18.9). Similarly, patients with T2DM had
significantly higher BMI B2.6 (29.8-36.0)compared to the non-diabetic patier#ts.8
(25.0-29.5). Furthermore, Table 4.1 and Figure 4.1 show pin@portions of T2DM and
non-diabetic patients in each BMI category weraiicantly different, with the T2DM
group containing a higher proportion of obese (%@.8nd morbidly obese (30.7%)
subjects compared to 10.8% and 13.3%, respectivetiie non-diabetic group (Table

4.1 and Figure 4.1).

Table 4.2 summarises subject demographic dataNmitpfurther categorisation

of subjects based on their periodontal diagnosiseMtdemographic data for these six
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categories (diabetic subjects with healthy periddiaiissues; diabetic subjects with
gingivitis; diabetic subjects with periodontitisgmdiabetic subjects with healthy
periodontal tissues; non-diabetic subjects witlywyitis and non-diabetic subjects with
periodontitis) were analysed, there were no sigaift differences found between the
groups for gender or age. However, there were fgigni differences in the proportions
in the ethnicity categories with a higher propartaf Black and Asian subjects within
the T2DM groups. The clinical significance of thi@wever, is likely to be limited,
given to the very low numbers of Black and Asiahjsats recruited (5 out of a total of
184 subjects). The IMD rank differed significantigtween T2DM subjects with
gingivitis [7046 (2320-17948)] and non-diabetic gats with gingivitis [21195 (16093-

26175)], showing subjects with T2DM living in madteprived areas.

For subjects with healthy periodontal tissues andigitis, the systolic blood
pressure was significantly higher in subjects WiDM [146.1 (+20.6) mmH@Nd150.1
(£21.2) mmHg compared to non-diabetic subject22.2 (+11.0jmHgand135 (+18.3)
mmHg. Additionally, within the non-diabetic group, $g8c blood pressure was
significantly lower in those with healthy periodahtissues122.2 (+11.0) mmHp
compared to those with either gingivitis3p (+18.3) mmHpor periodontitis £41.0

(£19.1) mmHg.

When considering BMI, subjects with healthy periotb tissues, gingivitis or
periodontitis, the BMI was significantly higher sabjects with T2DM 31.2 (24.5-34.6)
kg/n?, 32.9 (30.7-36.7kg/n’ and33.0 (29.9-36.5) kg/fh compared to non-diabetic
subjects $4.7 (23.1-27.7) kg/f27.3 (26.3-30.9) kg/frand28.1 (25.2-32.0) kg/fh.
Furthermore, Figure 4.2 highlights there were sigat differences in the proportions
of subjects in each of the BMI categories withghler proportion of obese and
morbidly obese subjects in the diabetic group coegbéo the non-diabetic group.

Interestingly, BMI was significantly higher in nahabetic subjects with periodontitis
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[28.1 (25.2-32.0) kg/fh compared to non-diabetic subjects with healthyqo®ntal
tissues 24.7 (23.1-27.7) kg/fh. Similarly, in subjects with T2DM, the BMI appear
higher in the periodontitis group3.0 (29.9-36.5) kg/f compared to the group with
healthy periodontal tissue31[.2 (24.5-34.6) kg/fh, although the difference failed to

reach significance (Table 4.3 and Figure 4.2).

When considering smoking status, Figure 4.3 shtves,for both diabetic and
non-diabetic subjects, there was a tendency towalrdgher proportion of current or
ex-smokers in those with periodontitis comparethtse with gingivitis or healthy
periodontal tissue, although, this difference fhile reach significance. Interestingly,
pack years was lowest in subjects with healthyogaemtal tissues [5.0 (4.0-15.0) in
T2DM subjects and 10.9 (4.4-23.0) in non-diabetigjscts] and highest in subjects
with periodontitis [30 (10.6-40.0) in T2DM subjeetsd 15.0 (5.2-30.0) in non-diabetic

subjects], although the difference failed to resigmificance (Table 4.3 and Figure 4.3).
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Table 4.1 Demographic data from the T2DM and non-@betic groups
T2DM patients Non-diabetic patients
(n=101) (n=83) prvalue
Gender (n (%))
Male 67 (66.3) 50 (60.2) NS
Age (years) 49 (45-53) 48 (43-54) NS
Ethnicity (n (%))
Caucasian 96 (95.1) 83(100.0)
Black 1(1.0) NS
Asian 4(4.0)
IMD rank 9198 (3384-21930) 18213 (7658-25035) <0.001
Smoking
Status (n (%))
Current 9 (8.9) 9 (10.8)
Ex 37 (36.6) 25 (30.1) NS
Never 55 (54.5) 49 (59.0)

Pack years’ 16 (10.0-38.8) 15 (4.9-23.8) NS
Systolic blood pressure (mmHg) 146.9 (¥21.2) 136.6 (+18.9) <0.001
Diastolic blood pressure (mmHg)  81.0 (74.0-90.0) 81.0 (74.0-88.0) NS

BMI (kg/m?) 32.6 (29.8-36.0) 27.3 (25.0-29.5) <0.001

Status (n(%))

normal weight 7 (6.9) 20 (24.1)
overweight 19 (18.8) 43 (51.8)
obese 43 (42.6) 9 (10.8) <0.001
morbidly obese 31(30.7) 11 (13.3)

P-values determined using chi-squared test foreliswariables, Mann-Whitney U tests
for continuous non-parametric variables (age, pa&eks, IMD rank, diastolic blood
pressure and BMI) and independent t-test for coltils parametric variables (systolic
blood pressure). Applicable only to current and ex-smokers (n=4#betic subjects,
n=34 non-diabetics subjects). Means (£SD) are ptedgor parametric data and

medians (IQR) are presented for non-parametric data
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Figure 4.1  Categorisation of T2DM and non-diabetipatients based on BMI
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Stacked bar chart of subjects categorised bas@&Mirior T2DM patients (normal
weight n=7, overweight n=17, obese n=43, morbidigse n=31) and non-diabetic
patients (normal weight n=20, overweight n=42, elbes9, morbidly obese n=10).
W normal weight 18.5-24.9 kgfind overweight 25.0-29.9 kgfmll obese 30-34.9
kg/m?, B morbidly obese >35 kgfm



Table 4.2

Subject demographic data comparing groupbased on diabetic status and periodontal diagnasi

Diabetic subjects (n=101) Non-diabetic subjects (n=83) p-value
Health Gingivitis Periodontitis Health Gingivitis Periodontitis
(n=14) (n=39) (n=48) (n=16) (n=19) (n=48)
Male (n(%)) 5(35.7) 26 (66.7) 36 (75.0) 4 (25.0) 11 (57.9) 35 (72.9) NS
Age (years) 49.0 (£7.8) 47.3 (+6.8) 50.1 (£5.8) 48.0 (£7.5) 46.6 (+8.1) 48.8 (£6.7) NS
Ethnicity (n(%))
Caucasian 13 (92.9) 38 (97.4) 45 (93.8) 16 (100) 19 (100) 48 (100)
Black 1(7.1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) <0.05
Asian 0 (0) 1(7.1) 3(6.3) 0 (0) 0 (0) 0 (0)
IMD rank 10718 (2133- 7046 (2320- 15579 (3865- 19357 (11702- 21195 (16093- 16024 (5090- S 0.001
20143) 179485 24013) 26868) 26175) 23060)
Smoking status (n(%))
Current 0 (0) 3(7.7) 6 (12.5) 0 (0) 2 (10.5) 7 (14.6)
Ex 3(21.4) 10 (25.6) 24 (50.0) 4 (25.0) 4 (21.1) 17 (35.4) NS
Never 11 (78.6) 26 (66.7) 18 (37.5) 12 (75.0) 13 (68.4) 24 (50.0)
Pack years 5.0 (4.0-15.0) 15.0 (10.0-24.0)  30.0 (10.6-40.0) 10.9 (4.4-23.0) 11.1 (2.51-26.3) 15.0 (5.2-30.0) NS

Continued
over page
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Diabetic subjects (n=101) Non-diabetic subjects (n=83) p-value
Health Gingivitis Periodontitis Health Gingivitis Periodontitis
(n=14) (n=39) (n=48) (n=16) (n=19) (n=48)
Systolic BP (mmHg) 146.1 (¥20.6) 150.1 (¥21.2§ 144.8 (£21.5) 122.2 (¥11.0¥7 135 (+18.3) 141.0 (#19.1) *"%0.05

Diastolic BP (mmHg)

BMI (kg/m?)

BMI status (n(%)) **
Normal weight
overweight
obese

morbidly obese

80.0 (71.8-90.0)
31.2 (24.5-34.6) 32.9(30.7-36.7 33.0 (29.9-36.5)

3 (23.1)
2 (15.4)
5 (38.5)
3 (14.3)

87.4 (76.0-92.0)

1(2.7)
6 (16.2)
18 (48.6)
12 (32.4)

79.5 (74.0-88.8)

3(6.3)
9 (18.8)
20 (41.7)
16 (33.3)

79.0 (69.8-82.5)
24.7 (23.1-27.7Y

80.0 (73.0-88.0)
27.3 (26.3-30.9)

8 (50.0) 2 (10.5)
7 (43.8) 12 (63.2)
1(6.3) 3 (15.8)

0 (0) 2 (10.5)

83.0 (76.0-93.5) NS

28.1(25.2-32.0) *'<0.05
10 (21.7)
23 (50.0)

< 0.001
5 (10.9)
8 (17.4)

P-values were determined using chi-squared testiarete variables, Kruskal-Wallis test with Mawitney U post hoc tests for continuous non-
parametric variables (pack years, IMD rank, diastolood pressure and BMI) and one way ANOVA teghwost-hoc independent t-test for
continuous parametric variables (age and systadiecbpressure). Applicable only to current and ex-smokers (n=3dtic with healthy perio, n=13
diabetic with gingivitis, n=29 diabetic with periontitis, n=4 non-diabetic with healthy perio, n=@rdiabetic with gingivitis, n=23 non-diabetic with
periodontitis). Mean (£SD) is presented for paraioetata and median (IQR) is presented for non+patac data. ** Missing data for 2 non-diabetic
subjects with periodontitis.

®indicates a comparison within rows between diateetd non-diabetic groups with the same periodatiéginosis
* indicates a comparison within rows between pemalty healthy and gingivitis groups within eithginbetes or non-diabetes groups
Tindicates a comparison within rows between pergalty healthy and periodontitis groups within eitlliabetes or non-diabetes groups
"indicates a comparison within rows between girigivind periodontitis groups within either diabetesion-diabetes groups
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Figure 4.2  Categorisation using BMI of subjects within groupsbased on
periodontal and diabetes status
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ND/H: Non-diabetic subjects with healthy periodaritssues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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Figure 4.3  Categorisation using smoking status of subjects witn groups based
on periodontal and diabetes status
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4.2.2 Diabetes Care data

Table 4.3 summarises data regarding diabetes catled subjects with T2DM
and demonstrates that of the 101 subjects with T2BE@were assessed at baseline,
60.4% gave a family history of diabetes and 32.Tésgnted with at least one diabetic
complication, not including periodontitis. 94.9%sfbjects with T2DM had received
examinations of their feet and eyes within the g2stnonths. Based on HbAlc values,
46.5% of subjects with diabetes could be categbr@sehaving good glycaemic control
(HbAlc <7.0%) (WHO, 1999). However, only 26.3% abgects met the more stringent
HbAlc target of 6.5% set out in more recent nali@g2DM management guidelines for

the UK (NICE, 2008) (Table 4.3).

Table 4.4 presents data following categorisatiosutifjects based on their
periodontal diagnosis and demonstrates that sygth gingivitis [6.0 (3.0-13.0
years] or periodontitis [7.0 (3.0-10.0) years] r@ed with a longer history of diabetes
compared to those with healthy periodontal tis$2és(1.0-5.0) years]. Furthermore,
Table 4.5 and Figure 4.4 highlight significant diffnces in the proportions of subjects
meeting the UK target for glycaemic control of HwA16.5 %, with a higher
proportion of subjects with healthy periodontastiss meeting the target (64.3%) and
progressively fewer subjects reaching this tangehe gingivitis (26.3%) and
periodontitis groups (14.9%) respectively (Tabke @nd Figure 4.4). Table 4.5 also
shows there were significant differences in thgprtons of subjects with specific
management regimes with a higher proportion ofettbjwith healthy periodontal
tissues being managed by dietary intervention a{d2€%) and progressively fewer
subjects being managed by diet alone in the gitigi{d2.8%) and periodontitis (8.5%)
groups, respectively. Conversely, a higher propartf subjects with periodontitis
(29.8%) required insulin and there were progres$gifeever subjects requiring insulin

in the gingivitis (17.9%) and healthy periodontastes (0.0%) groups respectively.
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Table 4.4 also shows a higher proportion of subjegporting a diabetic complication
was seen in subjects with periodontitis [35.4%] gimdjivitis [35.9%] compared to
subjects with healthy periodontal tissues [14.38hough the difference failed to reach

statistical significance (Table 4.4).
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Table 4.3 Diabetes care data for patients with T2DM

Diabetic patients

(n=101)

Years since diabetes diagnosis (years) 5 (2-10)
Family history (n (%))

Positive finding 61 (60.4)
Diabetes Management (n (%))

Diet only 15 (15.0)

Oral hypoglycaemic drugs 64 (64.0)

With insulin 21 (21.0)
Glycaemic control categories (n (%))

Good (<7.0%) 46 (46.5)

Moderate (7.0-8.5%) 25 (25.3)

Poor (>8.5%) 28 (28.3)
Glycaemic control target met £6.5%) (n (%)) 26 (26.3)
Patient perception of glycaemic control (n (%))

Good 44 (44.0)

Moderate 36 (36.0)

Poor 20 (20.0)
Diabetic complications (n (%))

Positive finding 33 (32.7)
Screening for complications (n(%)

Eye examination 93 (94.9)

Foot examination 93 (94.9)
Taking lipid lowering medication (n(%)) 73 (72.3)

Means (xSD) are presented for parametric data adians (IQR) are presented for
non-parametric dataApplicable to n=100. Applicable to n=99." Applicable to

n=98.



Table 4.4

Diabetes care data for patients with T2B within groups based on periodontal diagnosis

Diabetic subjects (n=101) p-value
Healthy Gingivitis Periodontitis
(n=14) (n=39) (n=48)
Years since diabetes diagnosis (years) 2.5 (1.0-5.0§" 6.0 (3.0-13.0) 7.0 (3.0-10.0) #1< 0.05
Family history — positive finding (n(%o)) 10 (71.4) 26 (66.7) 25 (52.1) NS
Diabetes Management (n(%))
Diet only 5 (42.9) 5(12.8) 5(10.4)
Oral hypoglycaemic drugs 8 (57.1) 27 (69.2) 294%0. <0.01
With insulin 0 (0) 7 (17.9) 14 (29.2)
Glycaemic control target met £6.5%) (n(%)) 9 (64.3) 10 (26.3) 7 (14.9) <0.001
Glycaemic control categories (n(%))"
Good (<7.0%) 9 (64.3) 19 (50.0) 18 (38.3)
Moderate (7.0-8.5%) 1(7.1) 12 (31.6) 12 (25.5) NS
Poor (>8.5%) 4 (28.6) 7 (18.4) 17 (36.2)
Glycaemic control target met £6.5%) (n (%)) 9 (64.3) 10 (26.3) 7 (14.9)

Continued over page
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Diabetic subjects (n=101)

Healthy Gingivitis Periodontitis p-value
(n=14) (n=39) (n=48)
Patient perception of glycaemic control (n(%)) "
Good 9 (64.3) 16 (41.0) 19 (40.4)
Moderate 4 (28.6) 15 (38.5) 17 (36.2) NS
Poor 1(7.1) 8 (20.5) 11 (23.4)
Diabetic complications (n(%o))
Positive finding 2 (14.3) 14 (35.9) 17 (35.4) NS
Eye screening for complications (n(%))" 13 (92.9) 38 (97.4) 41 (93.2) NS
Foot screening for complications (n(%)" 13 (92.9) 37 (94.9) 42 (95.5) NS
Taking lipid lowering medication (n(%)) 10 (71.4) 26 (66.7) 37 (77.1) NS

P-values were determined using chi-squared testigarete variables, Kruskal-Wallis test with MaWitney U post hoc tests for continuous non-
parametric variables (years since diabetes diagh@sa one way ANOVA test with post-hoc independdsst for continuous parametric variables
(age at diagnosis)lean (+SD) is presented for parametric data andang@QR) is presented for non-parametric dafspplicable to n=13 diabetic
with healthy perio, n=39 diabetic with gingivitisz48 diabetic with periodontitis. Applicable to n=14 diabetic with healthy perio 38=diabetic

with gingivitis, n=47 diabetic with periodontitis. Applicable to n=14 diabetic with healthy perio,39=diabetic with gingivitis, n=47 diabetic with
periodontitis.” Applicable to n=14 diabetic with healthy perio,38=diabetic with gingivitis, n=44 diabetic with pedontitis.

# indicates a comparison within rows between pemealty healthy and gingivitis groups within diatesubjects
Tindicates a comparison within rows between pertalty healthy and periodontitis groups within dééib subjects
Tindicates a comparison within rows between girigvand periodontitis groups within diabetic sulgec



4 Results 124

Figure 4.4  Categorisation of T2DM subjects achiewng national UK target of
HbAlc < 6.5% within groups based on periodontal
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4.2.3 Oral and dental data

Oral and dental findings are summarised in Tallle @f note when comparing
the T2DM and the non-diabetic groups, significaffedences were found relating to
dry mouth and caries into dentine. Dry mouth wa®reed more frequently by subjects
with T2DM [14.9%] compared to non-diabetics [2.4%iwthermore, dry mouth was
clinically present more often in subjects with T2[)R19%] compared to non-diabetic
subjects [1.2%)]. Caries into dentine was clinicgligsent more often in subjects with

T2DM [20.8%] compared to subjects without diabg#e8%] (Table 4.5).

Table 4.6 presents data following further categuias of subjects based on
their periodontal diagnosis and demonstrates adéslgnificant differences between
groups apart from teeth restored involving 1-3ates in which subjects with T2DM
and healthy periodontal tissues [9.9+3.9] had §icamtly more restored teeth than
diabetic subjects with either gingivitis [6.5+3 ] periodontitis [7.0+3.6]. Subjects
with T2DM and gingivitis [6.5+3.6] had significagtless restored teeth than non-
diabetic subjects with gingivitis [9.0£4.2]. Thesere also differences in the
proportions of subjects with at least one tootthwdries into dentine, with subjects
with T2DM and either gingivitis or periodontitis ing more likely to have at least one
carious tooth, although this difference failedeach statistical significance and was

detected as a trend (p=0.075) (Table 4.6).
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Table 4.5 Oral and dental data comparing subjects ith and without T2DM
Diabetic subjects Non-diabetic subjects
(n=101) (n=83) prvalue

Abnormal Soft Tissue findings (n(%))

Positive finding 7 (6.8) 3(3.6) NS
Clinician assessed dry mouth (n(%))

Positive finding 8(7.9) 1(1.2) <0.05
Patient reported dry mouth (n(%))

Positive finding 15 (14.9) 2(2.4) <0.01
Pain in previous month

Positive finding 13 (12.9) 6 (7.2) NS
Removable Prosthesis (n(%))

None 92 (91.1) 79 (95.2)

Acrylic 6 (5.9) 4 (4.8) NS

Chrome 3(3.0)
Teeth present 25.0 (22.0-28.0) 26.0 (24.0-27.0) NS
Sound & unrestored teeth 16.0 (6.2) 16.1 (4.8) NS
Restored teeth (1-3 surfaces) 8.0 (5.0-10.0) 7.0 (5.0-11.5) NS

n (%) with at least one 96.0 (93.2) 82 (98.8) NS
Restored teeth (+4 surfaces) 0.0 (0.0-2.0) 0.0 (0.0-2.0) NS

n (%) with at least one 46 (45.5) 32 (38.5) NS
Teeth with caries into dentine 0.0 (0.0-0.0) 0.0 (0.0-0.0) < 0.001

n (%) with at least one 21 (20.8) 4 (4.9) <0.05
Broken down teeth 0.0 (0.0-0.0) 0.0 (0.0-0.0) NS

n (%) with at least one 7 (6.9) 2(2.4) NS
Endodontically treated teett* 0.0 (0.0-0.0) 0.0 (0.0-1.0) NS

n (%) with at least one 9 (20.9) 12 (33.3) NS
Periapical radiolucencies* 0.0 (0.0-0.0) 0.0 (0.0-0.8) NS

n (%) with at least one 7 (16.3) 8 (22.2) NS

P-values determined using chi-squared test foreliswariables, Mann-Whitney U tests
for continuous non-parametric variables and inddpant-test for continuous
parametric variables. *(n=43 diabetic subjects,nr8n-diabetics subjects).



Table 4.6 Oral and Dental data comparing groups beed on diabetic status and periodontal diagnosis

Diabetic subjects (n=101) Non-diabetic subjects (n=83) p-value
Healthy Gingivitis Periodontitis Healthy Gingivitis Periodontitis
(n=14) (n=39) (n=48) (n=16) (n=19) (n=48)
Abnormal soft tissue -positive finding (n(%)) 1(7.2) 3(7.7) 3 (6.35) 0 (0) 1(5.2) 2(4.2) NS
Clinically dry mouth -positive finding (n(%)) 2 (14.3) 3(7.7) 3 (6.3) 0 (0) 1(5.2) 0 (0) NS
Reported dry mouth - positive finding (n(%)) 3(21.4) 5(12.8) 7 (14.6) 0 (0) 1(5.2) 1(2.2) NS
Pain — positive finding (n(%)) 1(7.2) 5 (12.8) 7 (14.6) 0 (0) 3 (15.7) 3 (6.3) NS
Removable Prosthesis (n(%))
None 14 (100) 35 (89.7) 43 (89.6) 15 (93.8) 18 (94.7) 46 (95.8)
Acrylic 0 (0) 2(5.1) 4 (8.3) 1(6.3) 1(5.2) 2(4.2 NS
Chrome 0 (0) 2(5.1) 1(2.1) 0 (0) 0(0) 0 (0)
Teeth present 25.0 (23.5-28.0) 26.0 (22.0-27.0) 25.0(22.0-29.0) 27.0 (24.5-28.0) 25.0 (23.0-27) 26.0(23.0-27.0) NS
Sound & unrestored teeth 13.2 (¢5.6) 16.3 (£5.8) 16.6 (£6.5) 17.1 (£5.0) 14.8 (£5.2) 17.0 (#4.5) NS
Restored teeth (1-3 surfaces) 9.9 (¢3.9§" 6.5 (+3.6f 7.0 (£3.6) 8.4 (x4.4) 9.0 (+4.2) 7.5 (£3.8) #13<0.0F
n (%) with at least one 14 (100.0) 36 (92.3) 43 (89.6) 14 (87.5) 19 (100.0) 46 (95.8) NS
Restored teeth (+4 surfaces) 1.0 (0.0-3.0) 0.0 (0.0-2.0) 0.0 (0.0-2.0) 0.0 (0.0-2.3) 0.0 (0.0-1.0) 0.0 (0.0-2.0) NS
n (%) with at least one 7 (50.0) 18 (46.2) 21(43.8) 5(31.3) 6 (31.6) 21 (43.8) NS

Continued on next page
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Diabetic subjects (n=101) Non-diabetic subjects (n=83) p-value
Healthy Gingivitis Periodontitis Healthy Gingivitis Periodontitis
(n=14) (n=39) (n=48) (n=16) (n=19) (n=48)
Teeth with caries into dentine 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) ¥< 0.0t
n (%) with at least one 1(7.1) 9(23.1) 11 (22.9) 2(12.5) 2(10.5) 2(4.2) 0.075
Broken down teeth 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) NS
n (%) with at least one 0(0.0) 3(7.7) 4 (8.3) 0(0.0) 1 (5.3) 1(2.0) NS
Endodontically treated teett* 0 0.0 (0.0-0.0) 0.0 (0.0-0.25) 0 2.0 (1.0-3.0) 0.0 (0.0-1.0) NS
Periapical radiolucencies * 0 0.0 (0.0-0.75) 0.0 (0.0-0.0) 0 0.0 (0.0-0.0) 0.0 (0.0-1.0) NS

P-values were determined using chi-squared testiarete variables, Kruskal-Wallis test with MaWitney U post hoc tests for continuous non-
parametric variables (years since diabetes diagh@sa one way ANOVA test with post-hoc independdsst for continuous parametric variables

(age at diagnosidYleans (£SD) are presented for parametric data adians (IQR) are presented for non-parametric détab diabetic subjects
with gingivitis, n=38 diabetic subjects with permditis, n=2 non-diabetic subjects with gingivitis;34 non-diabetic subjects with periodontitis).

—+ =2 H# &

indicates a comparison within rows between diabeind non-diabetic group with the same periodali¢égnosis
indicates a comparison within rows between pembalty healthy and gingivitis groups within eithgiabetes or non-diabetes groups

indicates a comparison within rows between pemdalty healthy and periodontitis groups within eitldiabetes or non-diabetes groups
indicates a comparison within rows between girigivand periodontitis groups within either diabeteson-diabetes group
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4.2.4 Oral health behaviour data

Table 4.7 summarises oral health behaviour datdifdretic patients and non-
diabetic patients. Of note, when comparing the T2&# the non-diabetic groups,
there were significant differences in the proparsiof subjects for each of the oral
health behaviours, with a higher proportion of r@betic subjects reporting that they
attend a GDP regularly, or reporting that they aednded at GDP in the last 12
months. Additionally, there were significant diéeices in the reason for the last visit to
a GDP, with a higher proportion of non-diabetiderding for a check-up and a higher
proportion of diabetics making emergency attendsinthere were also significant
differences in the frequency of tooth-brushing amdrproximal cleaning, with a higher
proportion of non-diabetics tooth-brushing at le¢aste a day and performing

interproximal cleaning at least 3 times weekly ([€ah7).

Table 4.8 presents data following further categuias of subjects based on
their periodontal diagnosis and demonstrates Heaetwere significant differences in
the proportions of subjects for each of the orallhebehaviours. Figure 4.5 and 4.6
highlight that non-diabetic groups appeared to fmkegher proportion of subjects
tooth-brushing at least twice daily and attendifg2P regularly compared to diabetic

subjects with the same periodontal condition (Tdb8and Figures 4.5 and 4.6).
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Table 4.7 Oral health behaviour data comparingbjects with and without T2DM

Diabetic subjects

Non-diabetic subjects

(n=101) (n=83) prvalue

Attends GDP regularly

positive finding (n(%)) 62 (62.0) 62 (76.5) <0.05
Attended GDP within 12 months

positive finding (n(%)) 68 (68.0) 70 (86.4) <0.01
Reason for last visit (n(%))

N/A 35 (35.0) 7 (9.1)

Check-up 38 (38.0) 55 (71.4)

Emergency 14 (14.0) 6 (7.8) <0.001

Restoration 3 (3.0 5(6.5)

Periodontal therapy 1(1.0) 3(3.9)

other 9 (9.0) 1(1.3)
Frequency of tooth-brushing (n(%))"

<l/day 7 (7.0) 2 (2.4)

1/day 29 (29.9) 5 (6.0) < 0.001

2/day 60 (60.0) 68 (81.9)

>2/day 4 (4.0) 8 (9.6)
Frequency of interproximal (n(%))”~

never 65 (65.0) 30 (36.1) < 0.001

1/wk 10 (10.0) 14 (16.9)

>3/wk 25 (25.0) 39 (47.0)

P-values were determined using crli*-squared testiforete variables.n=100 diabetic
subjects, n=77 non-diabetics subject$1=100 diabetic subjects, n=83 non-diabetics

subjects.



Table 4.8 Oral health behaviour data comparing graps based on diabetic status and periodontal diags®

Diabetic (n=101) Non-diabetic (n=83) p-value
Healthy Gingivitis  Periodontitis Healthy Gingivitis  Periodontitis
(n=14) (n=39) (n=48) (n=16) (n=19) (n=48)
Attends GDP regularly—positive finding(n(%o)) 12 (85.7) 19 (48.7) 31 (64.6) 10 (62.5) 9 (47.4) 43 (89.6) <0.001
Attended GDP within 12 m9nths-positive finding (n(%9) 11 (78.6) 23 (59.0) 34 (70.8) 13 (81.3) 10 (52.6) 47 (97.9) <0.001
Reason for last visit (n(%))
N/A 3(21.4) 16 (41.0) 16 (33.3) 1(6.3) 5 (26.3) 1(2.1)
Check-up 8 (57.1) 11 (28.2) 19(39.6) 10 (62.5) 5 (26.3) 40 (83.3)
Emergency 2 (14.3) 7 (17.9) 5(10.4) 2 (12.5) 1(5.2) 3(6.25) <0.001
Restoration 1(7.2) 1(2.6) 1(2.1) 1(6.3) 3 (15.8) 1(2.1)
Periodontal 0 (0) 0 (0) 1(2.1) 0 (0) 0 (0) 3(6.25)
Other 0 (0%) 3(7.7) 6 (12.5) 0 (0) 1(5.2) 0(0)
Frequency of tooth-brushing (n(%))”
<1l/day 0 (0) 3(7.7) 4 (8.3) 1(6.3) 0 (0) 1(2.1)
1/day 2(14.3) 15 (38.5) 12 (25.0) 0 (0) 1(5.2) 4 (8.3) <0.01
2/day 11 (78.6) 19 (48.7) 30 (62.5) 14 (87.5) 18 (90.5) 36 (76.1)
>2/day 1(7.2) 1(2.6) 2(4.2 1(6.3) 0 (0) 7 (14.6)
Frequency of inter-proximal cleaning (n(%))
never 5(35.7) 30 (76.9) 30 (62.5) 2 (12.5) 9 (47.4) 19 (39.6)
1/wk 6 (42.9) 1(2.6) 3(6.3) 3(18.8) 6 (31.6) 5(10.4) <0.001
>3/wk 3(21.4) 7(17.9) 15 (31.3) 11 (68.8) 4 (21.1) 24 (50.0)

P-values were determined using chi-squared testi$orete variables.n= 14 diabetic subjects with healthy periodoritsites, n=38 diabetic subjects
with gingivitis, n=48 diabetic subjects with permditis, n=14 non-diabetic subjects with healthyig#ontal tissues, n=15 non-diabetic subjects with
gingivitis, n=48 non-diabetic subjects with periotitis.” n= 14 diabetic subjects with healthy periodoriggites, n=38 diabetic subjects with
gingivitis, n=48 diabetic subjects with periodoistin=16 non-diabetic subjects with healthy perigdbtissues, n=19 non-diabetic subjects with
gingivitis, n=48 non-diabetic subjects with periotits.
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Figure 4.5  Categorisation using attendance at a GPof subjects within groups
based on periodontal and diabetes status
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Figure 4.6  Categorisation using frequency of tooth-brushing osubjects within
groups based on periodontal and diabetes status
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patients (< once per day n=4, once per day nidite per day n= 30, > twice per day
n=2), ND/H patients (< once per day n=1, twice ¢heey n=14 , > twice per day n=1),
ND/G patients (once per day n=1, twice per day@)ND/P patients (< once per day
n=1, once per day n=4, twice per day n= 36, >gvper day n=7).

B Tooth-brushing < once per dald Tooth-brughince per day
E Tooth-brushing twice per dayd  Tooth-brughintwice per day

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddnissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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4.2.5 Pre-treatment clinical biochemistry data

Table 4.9 summarises the pre-treatment clinicath®Bmistry data for diabetic
patients and non-diabetic patients. Of note, wienparing the T2DM and the non-
diabetic groups there were significant differenimedHbAlc, triglycerides, HDL, non-
HDL and cholesterol. Subjects with diabetes hadiaantly lower levels of HDL,
non-HDL [3.2 (2.7-3.9) mmol/L] and total cholestej.4 (3.9-5.3) mmol/L] compared
to non-diabetics [4.1(3.5-4.6) mmol/L and 5.5 (6.@) mmol/L]. As would be
expected, HbAlc was significantly higher subjeciih wiabetes [7.2 (6.5-8.9)%)]
compared to the non-diabetic group subjects [5.5-%57)%]. Levels of high sensitive
CRP also appeared higher in subjects with T2DM (@.8-4.5) mg/L] compared to
non-diabetic subjects [1.9 (0.8-3.9) mg/L], howetrer difference failed to reach

statistical significance (Table 4.9 and Figure 4.7)

Table 4.10 presents pre-treatment clinical biodkggndata following
further categorisation of subjects based on thailopontal diagnosis and demonstrates
that HbAlc, as expected, was significantly higimediabetic subjects compared to the
non-diabetic subjects regardless of periodontatiitmm. Interestingly, when
comparing groups in subjects with T2DM, HbAlc appdaigher in subjects with
periodontitis [7.5 (6.7-9.2)%] compared to subjetith healthy periodontal tissues [6.4
(5.9-9.0)%]. However, the Bonferroni-Holm correctiof p-values for multiple
comparison placed the critical p-value at 0.01&rdfore, this difference was detected

as trend (p=0.036) (Table 4.10).

When comparing groups with different periodontatditions, triglyceride
levels were significantly higher in subjects witAROM with healthy periodontal tissues
[3.1 (2.2-3.9) mmol/L] and periodontitis [2.5 (1472) mmol/L] compared to non-
diabetic subjects with healthy periodontal tissde8 (0.8-2.7) mmol/L] and

periodontitis [1.7 (1.2-2.7) mmol/L]. When congig) subjects with T2DM,
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triglyceride levels were significantly higher inode with healthy periodontal tissues
[3.1 (2.2-3.9) mmol/L] compared to those with pdoatitis [2.5 (1.7-4.2) mmol/L] and
lower in those with gingivitis [1.8 (1.3-2.6) mmioj/compared to those with

periodontitis [2.5 (1.7-4.2) mmol/L] (Table 4.10).

Following categorisation of data based on pericalaiagnosis, HDL levels
were significantly lower in subjects with T2DM wittealthy periodontal tissues [1.2
(1.2-1.6) mmol/L], gingivitis [1.2 (1.3-2.6) mmolfland periodontitis [1.1 (1.0-1.3)
mmol/L] compared to non-diabetic subjects with tleaperiodontal tissues [1.7 (1.5-
2.0) mmol/L], gingivitis [1.5 (1.3-1.7) mmol/L] angeriodontitis [1.4 (1.1-1.6)
mmol/L]. In subjects with T2DM, HDL levels in sulgjs with healthy periodontal
tissues [1.2 (1.2-1.6) mmol/L] appeared higher carag to subjects with periodontitis
[1.1 (1.0-1.3) mmol/L]. However, the Bonferroni-Holcorrection of p-values for
multiple comparison placed the critical p-valu®#&17, therefore, the difference was
detected as trend (p=0.04). Similarly, in non-diabgubjects, HDL levels in subjects
with healthy periodontal tissues [1.7 (1.5-2.0) nifijeappeared higher compared to
subjects with periodontitis [1.4 (1.1-1.6) mmol/However, the Bonferroni-Holm
correction of p-values for multiple comparison @ddhe critical p-value at 0.017,

therefore, the difference was detected as trend.Q23) (Table 4.10).

Following categorisation of data based on perioalaiagnosis, non-HDL
levels were significantly lower in T2DM subjectstivgingivitis [3.0 (2.3-3.7) mmol/L]
and periodontitis [3.3 (2.8-3.9) mmol/L] comparedhe non-diabetic subjects with
gingivitis [4.4 (3.8-4.7) mmol/L] and periodontiti4.2 (3.6-4.6) mmol/L]. When
considering subjects with T2DM, non-HDL levels wergnificantly higher in those
with healthy periodontal tissues [4.3 (3.0-5.1) nifijacompared to those with
gingivitis [3.0 (2.3-3.7) mmol/L]. Similarly, in djects with T2DM, non-HDL levels in

those with healthy periodontal tissues [4.3 (31)fmol/L] appeared higher compared
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to subjects with periodontitis [3.3 (2.8-3.9) mnhdlHowever, the Bonferroni-Holm
correction of p-values for multiple comparison @dcehe critical p-value at 0.025,

therefore, this difference was detected as tren@.(2) (Tables 4.9 and 4.10).

Following categorisation of data based on perioglatibignosis, total-
cholesterol levels were significantly higher in TMBubjects with healthy periodontal
tissues [5.5 (4.3-6.4) mmol/L] compared to T2DM jeabs with gingivitis [4.2 (3.7-5.9)
mmol/L]. Similarly, in subjects with T2DM, total okesterol levels appeared higher in
subjects with healthy periodontal tissues [5.5-@14 mmol/L] compared to those with
periodontitis [4.4 (4.0-5.3) mmol/L]. However, tBenferroni-Holm correction of p-
values for multiple comparison placed the critigalalue at 0.025, therefore, this

difference was detected as trend (p=0.026) (Tahkand 4.10).

When considering hsCRP levels, subjects with T2 laealthy periodontal
tissues [2.4 (0.8-5.5) mg/L] had significantly heghhsCRP levels than non-diabetic
subjects with healthy periodontal tissues [0.600%) mg/L]. Also, in non-diabetic
subjects, those with healthy periodontal tissues (0.2-1.5) mg/L] had significantly
lower hsCRP levels compared to subjects with gitigi{2.3 (0.8-4.2) mg/L] or
periodontitis [2.3 (1.1-4.3) mg/L]. However, in gatts with T2DM similar differences
were not found when comparing subjects with hegtéryodontal tissues [2.4 (0.8-5.5)
mg/L], gingivitis [2.4 (1.0-4.4) mg/L] and periodtitis [2.1 (0.9-4.6) mg/L] (Table

4.10).
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Table 4.9 Pre-treatment clinical biochemistry datacomparing subjects with
and without T2DM
Diabetics Non-diabetics
p-value
(n=99) (n=79)

HbAlc (%) 7.2 (6.5-8.9) 5.5 (5.3-5.7) < 0.001
Triglycerides (mmol/L) 2.3 (1.5-3.6) 1.6 (1.1-2.4) <0.001
HDL (mmol/L) 1.2 (1-1.4) 1.5(1.2-1.8) < 0.001
Non-HDL (mmol/L) 3.2 (2.7-3.9) 4.1 (3.5-4.6) < 0.001
Total cholesterol (mmol/L) 4.4 (3.9-5.3) 5.5(5.0-6.1) < 0.001
High sensitive CRP (mg/L) 2.3 (0.9-4.5) 1.9 (0.8-3.9) 0.25

P-values determined using Mann Whitney-U testdlasaables are continuous non-
parametric. Median and IQR presented for this narametric data(92 T2DM and 71
non-diabetic subjects)

Figure 4.7  Pre-treatment serum levels of high seitive CRP in subjects with
T2DM and in non-diabetic subjects
40.00-
(=]
30.00 e
<
[=]
E o o
& 20.00 .
Q
2 g °
10.00- _"7 *
0.00 - -
I I
T2DM Non-diabetic

Boxplot of pre-treatment serum levels of high sevsiCRP in 92 T2DM and 71 non-
diabetic subjectsStatistics: Mann Whitney-U test (differences weoa4significant).o
outlier more than 3 times the IQR from the box latanes,e outlier more than 1.5 but
less than 3 times the IQR from the box boundaries.



Table 4.10  Pre-treatment clinical biochemistry dea comparing groups based on diabetic status and pedontal diagnosis
Diabetic subjects (n=99) Non-diabetic subjects (n=79) p-value

Healthy Gingivitis Periodontitis Healthy Gingivitis Periodontitis

(n=14) (n=38) (n=47) (n=15) (n=17) (n=47)
HbA1c (%) 6.4 (5.9-9.0§ 7.0 (6.5-8.3§ 7.5(6.7-9.2)° 5.5 (5.3-5.6) 5.7 (5.3-5.9) 55(5.3-5.7) *<0.001
Triglycerides (mmol/L) 3.1 (2.2-3.9%° 1.8 (1.3-2.6) 2.5 (1.7-4.2§ 1.0 (0.8-2.7) 1.7 (1.4-2.1) 1.7 (1.2-2.7) %< 0.05
HDL (mmol/L) 1.2 (1.2-1.6§ 1.2 (1.1-1.5§ 1.1 (1.0-1.3§ 1.7 (1.5-2.0) 1.5 (1.3-1.7) 1.4 (1.1-1.6)  °<0.05
Non-HDL (mmol/L) 4.3 (3.0-5.1§ 3.0 (2.3-3.7§ 3.3 (2.8-3.9§ 3.5 (2.9-4.3) 4.4 (3.8-4.7) 42 (3.6-46) %<0.05
Total cholesterol (mmol/L) 5.5 (4.3-6.4§ 4.2 (3.7-5.0% 4.4 (4.0-5.3f 5.1 (4.7-6.0) 5.9 (5.1-6.3) 55(5.0-6.1) *%0.01
High sensitive CRP (mg/L) 2.4 (0.8-5.5§ 2.4 (1.0-4.4) 2.1 (0.9-4.6) 0.6 (0.2-1.5§" 2.3(0.8-4.2) 2.3(1.1-43) **<0.05

P-values were determined using Kruskal-Wallis wat Mann-Whitney U post hoc tests for continuoosifparametric variables (all data). Medians
(IQR) are presented for this non-parametric d4ts=13 diabetic subjects with healthy periodonissies, n=36 diabetic subjects with gingivitis, n=43
diabetic subjects with periodontitis, n=15 non-@iabd subjects with healthy periodontal tissues,fr@n-diabetic subjects with gingivitis, n=42 non-
diabetic subjects with periodontitis).

®indicates a comparison within rows between diasetind non-diabetic group with the same periodatiéginosis
* indicates a comparison within rows between pemalty healthy and gingivitis groups within eithginbetes or non-diabetes groups

Tindicates a comparison within rows between pertalty healthy and periodontitis groups within eitltliabetes or non-diabetes groups
"indicates a comparison within rows between girigivind periodontitis groups within either diabetesion-diabetes group
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4.2.6 Pre-treatment clinical periodontal data

Table 4.11 summarises the clinical periodontal fataiabetic patients and
non-diabetic patients before periodontal managent@fimote, when comparing the
T2DM and the non-diabetic groups, there were sicgmit differences in mean P,
PESA, % sites with PB6mm and % of sites with LOA6mm. The subjects with
T2DM had significantly higher PI1[0.8 (0.6-1.0)mrfigicompared to the non-diabetic
subjects [0.6 (0.3-0.8)mmol/L]. Conversely, in sdig with T2DM, PESA [1038.9
(817.9-1327.6) mA) was significantly lower compared to non-diabetibjects [1372.7
(849.2-1801.0) mA). Furthermore, T2DM subjects had significantly &eveites with
PD>6 mm [0.0 (0.0-2.0)] and fewer sites with L&A mm [0.7 (0.0-4.4)] compared

to non-diabetic subjects [0.7 (0.0-11.3) and 3.2-(6.1) respectively] (Table 4.11).

Table 4.12 presents pre-treatment clinical peritalatata following further
categorisation of subjects based on their peri@atiagnosis. When considering levels
of plaque control, P1 was significantly higher imloetic subjects with healthy
periodontal tissues [0.4 (0.3-0.8)], gingivitis9@0.7-1.0)] and periodontitis [0.8 (0.6-
1.1)] compared to the non-diabetic subjects withlthg periodontal tissues [0.2 (0.0-
0.4)], gingivitis [0.6 (0.4-0.7)] and periodonti{.6 (0.4-0.8)]. When comparing the
subjects with T2DM, PI was significantly higherthrose with gingivitis [0.9 (0.7-1.0)]
compared to those with healthy periodontal tis$0es(0.3-0.8)]. Similarly, in subjects
with T2DM, PI was significantly higher in those wiperiodontitis [0.8 (0.6-1.1)]
compared to those with healthy periodontal tis$0ek(0.3-0.8)]. For non-diabetic
subjects, Pl was significantly higher in those vgthgivitis [0.6 (0.4-0.7)] compared to
those with healthy periodontal tissues [0.2 (04]0Similarly, in non-diabetic
subjects, Pl was significantly higher in those wagriodontitis [0.6 (0.4-0.8)].
compared to those with healthy periodontal tis$0e5(0.0-0.4)] (Table 4.12 and

Figure 4.8).
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Table 4.12 presents pre-treatment clinical peritalatata following further
categorisation of subjects based on their peri@alignosis. When considering levels
of gingival inflammation, mGI was significantly Higr in diabetic subjects with healthy
periodontal tissues [0.8 (0.5-1.6)] and gingivjfi (1.3-2.5)] compared to the non-
diabetic subjects with healthy periodontal tissies(0.3-0.8)] and gingivitis [1.3 (0.8-
1.7)]. When comparing the subjects with T2DM, m@svsignificantly higher in those
with gingivitis [1.9 (1.3-2.5)] compared to thosé@whealthy periodontal tissues [0.8
(0.5-1.6)]. Similarly, in subjects with T2DM, m@®las significantly higher in those
with periodontitis [2.0 (1.5-2.7)] compared to tkasith healthy periodontal tissues [0.8
(0.5-1.6)]. For non-diabetic subjects, mGI was gigantly higher in those with
gingivitis [1.3 (0.8-1.7)] compared to those witbafthy periodontal tissues [0.5 (0.3-
0.8)]. Similarly, in non-diabetic subjects, mGI wagnificantly higher in those with
periodontitis [2.4 (2.0-2.7)] compared to thosehwhtalthy periodontal tissues [0.5
(0.3-0.8)]. Additionally, in non-diabetic subjectgs] was significantly higher in the
periodontitis group [2.4 (2.0-2.7)] compared tog@avith gingivitis [1.3 (0.8-1.7)]

(Table 4.12 and Figure 4.9).

When considering bleeding on probing, % BOP wasifogntly higher in
diabetic subjects with healthy periodontal tisgdes (0.7-13.1)%] and gingivitis [35.1
(25.0-44.9)%] compared to the non-diabetic subjettis healthy periodontal tissues
[0.7(0.0-2.6)%] and gingivitis [22.0 (17.3-32.6)%Vhen comparing the subjects with
T2DM, % BOP was significantly higher in those wiimgivitis [35.1 (25.0-44.9)%]
compared to those with healthy periodontal tis§dés(0.7-13.1)%]. Similarly, in
subjects with T2DM, % BOP was significantly higlweithose with periodontitis [46.0
(30.0-60.7)%] compared to those with healthy peiadl tissues [4.5 (0.7-13.1)%].
For non-diabetic subjects, % BOP was significahtgher in those with gingivitis [22.0

(17.3-32.6)%] compared to those with healthy peoiadl tissues [0.7 (0.0-2.6)%].
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Similarly, in non-diabetic subjects, % BOP was #gigantly higher in those with
periodontitis [43.0 (29.4-56.7)%)] compared to thasth healthy periodontal tissues
[0.7 (0.0-2.6)%]. Additionally, in non-diabeticlgects % BOP was significantly
higher in the periodontitis group [43.0 (29.4-566fcompared to those with gingivitis

[22.0 (17.3-32.6)%] (Table 4.12 and Figure 4.10).

When considering probing depths, mean PD was signifly higher in diabetic
subjects with healthy periodontal tissues [1.7-IL& mm] and gingivitis [2.1 (1.2-2.2)
mm)] compared to the non-diabetic subjects withthggleriodontal tissues [1.6 (1.5-
1.7) mm] and gingivitis [1.9 (1.8-2.1) mm]. Whemaparing the subjects with T2DM,
mean PD was significantly higher in those with gwites [2.1 (1.2-2.2) mm] compared
to those with healthy periodontal tissues [1.7{IL& mm]. Similarly, in subjects with
T2DM, mean PD was significantly higher in thosehaperiodontitis [2.8 (2.4-3.2) mm]
compared to those with healthy periodontal tis§ies(1.6-1.8) mm]. Additionally, in
subjects with T2DM, mean PD was significantly higimethe periodontitis group [2.8
(2.4-3.2) mm] compared to those with gingivitisl{21.2-2.2) mm]. For non-diabetic
subjects, mean PD was significantly higher in thogk gingivitis [1.9 (1.8-2.1) mm]
compared to those with healthy periodontal tisgliés(1.5-1.7) mm]. Similarly, in
non-diabetic subjects, mean PD was significantiyér in those with periodontitis
[2.9(2.5-3.5) mm] compared to those with healthgquontal tissues [1.6(1.5-1.7)
mm)]. Additionally, in non-diabetic subjects meadd Ras significantly higher in the
periodontitis group [2.9(2.5-3.5) mm] comparedtode with gingivitis [1.9(1.8-2.1)

mm] (Table 4.12 and Figure 4.11).

When considering the percentage of sites with=Dmm, there was a
significantly greater % in diabetic subjects wittalthy periodontal tissues [0.7 (0.0-
1.7) %] compared to the non-diabetic subjects wéhlthy periodontal tissues [0.0 (0.0-

0.0) %]. When comparing the subjects with T2DM, £sites with PD> 4 mm was
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significantly higher in those with gingivitis [3(@.4-7.0) %] compared to those with
healthy periodontal tissues [0.7 (0.0-2.7) %]. $anty, in subjects with T2DM, % of
sites with PD> 4 mm was significantly higher in those with pepatitis [20.2 (12.7-
35.2) %] compared to those with healthy periodotigales [0.7 (0.0-1.7) %].
Additionally, in subjects with T2DM, the % of sitesth PD> 4 mm was significantly
higher in the periodontitis group [20.2 (12.7-324) compared to those with gingivitis
[3.6 (1.4-7.0) %)]. For non-diabetic subjects, %sivés with PD> 4 mm was
significantly higher in those with gingivitis [2(0.6-5.1) %] compared to those with
healthy periodontal tissues [0.0 (0.0-0.0) %]. $anty, in non-diabetic subjects, % of
sites with PD> 4 mm was significantly higher in those with pepatitis [24.2 (18.0-
40.0) %] compared to those with healthy periodoti¢auies [0.0 (0.0-0.0) %].
Additionally, in non-diabetic subjects % of sitekwPD> 4 mm was significantly
higher in the periodontitis group [24.2 (18.0-4Q4) compared to those with gingivitis

[2.0 (0.6-5.1) %] (Table 4.12 and Figure 4.12).

When considering the percentage of PD sigmm, there were no significant
differences found in any periodontal category betw&2DM and non-diabetic
subjects. When comparing the subjects with T2DM)f%ites with PD>5 mm was
significantly higher in those with gingivitis [0(0.0-1.2) %] compared to those with
healthy periodontal tissues [0.0 (0.0-0.0) %], @lthh the clinical significance of this
difference is likely to be minimal. Similarly, iubjects with T2DM, % of sites with PD
> 5 mm was significantly higher in those with peoadttis [10.9 (8.1-18.2) %]
compared to those with healthy periodontal tis$0ek(0.0-0.0) %]. Additionally,
insubjects with T2DM, the % of sites with BLb mm was significantly higher in the
periodontitis group [10.9 (8.1-18.2) %] comparedhose with gingivitis [0.0 (0.0-1.2)
%]. For non-diabetic subjects, % of sites with PB mm was significantly higher in

those with gingivitis [0.0 (0.0-0.0) %] comparedtimse with healthy periodontal
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tissues [0.0 (0.0-0.0) %], although the clinicgingiicance of this difference is likely to
be minimal. Similarly, in non-diabetic subjects,o¥sites with PD>5 mm was
significantly higher in those with periodontitisg.D (8.0-30.8) %] compared to those
with healthy periodontal tissues [0.0 (0.0-0.0) #&dditionally, in non-diabetic subjects
% of sites with PD> 5 mm was significantly higher in the periodontgi®up [16.0
(8.0-30.8) %] compared to those with gingivitisg©0.0-0.0) %] (Table 4.12 and

Figure 4.13).

The percentage of PD site$6 mm, was significantly lower in diabetic subjects
with periodontitis [2.7 (0.7-7.1) %] compared te thon-diabetic subjects with
periodontitis [8.7 (2.6-16.7) %]. When comparing gubjects with T2DM, % of sites
with PD> 6 mm was significantly higher in those with peoatitis [2.7 (0.7-7.1) %]
compared to those with healthy periodontal tis$0ek(0.0-0.0) %]. Additionally, in
subjects with T2DM, the % of sites with PD6 mm was significantly higher in the
periodontitis group [2.7 (0.7-7.1) %] comparedHoge with gingivitis [0.0 (0.0-0.0)
%]. For non-diabetic subjects, % of sites with PB mm was significantly higher in
those with periodontitis [8.7 (2.6-16.7) %] comphte those with healthy periodontal
tissues [0.0 (0.0-0.0) %)]. Additionally, in non-d&tic subjects % of sites with PD6
mm was significantly higher in the periodontitiogp [8.7 (2.6-16.7) %] compared to

those with gingivitis [0.0 (0.0-0.0) %] (Table 4.48d Figure 4.14).

When considering loss of attachment, mean LOA wgsfecantly higher in
diabetic subjects with gingivitis [2.3 (2.1-2.4) haompared to the non-diabetic
subjects with gingivitis [2.1 (2.0-2.3) mm]. Wheamparing the subjects with T2DM,
mean LOA was significantly higher in those with gjwitis [2.3 (2.1-2.4)] compared to
those with healthy periodontal tissues [1.9 (1Bj2Similarly, in subjects with T2DM,
mean LOA was significantly higher in those withipdontitis [3.1 (2.7-3.9)] compared

to those with healthy periodontal tissues [1.94.B)]. Additionally, in subjects with
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T2DM, the mean LOA was significantly higher in theriodontitis group [3.1 (2.7-3.9)]
compared to those with gingivitis [2.3 (2.1-2.4fr non-diabetic subjects, the mean
LOA significantly higher in those with gingiviti2[1 (2.0-2.3)] compared to those with
healthy periodontal tissues [1.8 (1.6-2.0)]. Simiyiain non-diabetic subjects, mean
LOA was significantly higher in those with periodiis [3.4 (2.9-4.2)] compared to
those with healthy periodontal tissues [1.8 (1®J2Additionally, in non-diabetic
subjects mean LOA was significantly higher in tleeipdontitis group [3.4 (2.9-4.2)]

compared to those with gingivitis [2.1 (2.0-2.3)hble 4.12).

When considering the percentage of sites with LOAnm, there were no
significant differences found in any periodontatecgry between T2DM and non-
diabetic subjects. When comparing the subjects WalbM, the % of sites with LOA
4 mm was significantly higher in those with gingdisi[5.8 (1.8-10.1) %] compared to
those with healthy periodontal tissues [2.3 (0B-66]. Similarly, in subjects with
T2DM, the % of sites with LOA> 4 mm was significantly higher in those with
periodontitis [32.0 (19.5-51.2) %] compared to #hasth healthy periodontal tissues
[2.3 (0.5-6.1) %]. Additionally, in subjects witf2DM, the % of sites with LOA 4
mm was significantly higher in the periodontitiogp [32.0 (19.5-51.2) %] compared
to those with gingivitis [5.8 (1.8-10.1) %]. Formadiabetic subjects, the % of sites with
LOA >4 mm significantly higher in those with gingivi{é.2 (0.7-8.2) %] compared to
those with healthy periodontal tissues [1.0 (0@)-%6]. Similarly, in non-diabetic
subjects, the % of sites with LOA4 mm was significantly higher in those with
periodontitis [39.9(25.6-58.0) %] compared to thosth healthy periodontal tissues
[1.0(0.0-4.0) %)]. Additionally, in non-diabetic gebts the % of sites with LOA 4 mm
was significantly higher in the periodontitis grojg®.9(25.6-58.0) %] compared to

those with gingivitis [4.2(0.7-8.2) %] (Table 4.12)
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When considering the percentage of LOA skésmm, there were no
significant differences found in any periodontategmry between T2DM and non-
diabetic subjects. When comparing the subjects W2bM, the % of sites with LOA
5 mm was significantly higher in those with periatdts [17.3 (10.6-31.7) %]
compared to those with healthy periodontal tis$0és(0.0-1.7) %]. Additionally, in
subjects with T2DM, the % of sites with LOAS mm was significantly higher in the
periodontitis group 17.3 (10.6-31.7) %] comparethtuse with gingivitis [0.8 (0.0-2.6)
%]. For non-diabetic subjects, % of sites with LA mm was significantly higher in
those with gingivitis [0.0 (0.0-1.6) %] comparedtimse with healthy periodontal
tissues [0.0 (0.0-0.0) %], although the clinicginsiicance of this difference is likely to
be minimal. Similarly, in non-diabetic subjects,o¥sites with LOA>5 mm was
significantly higher in those with periodontitisqZ (14.5-37.2) %] compared to those
with healthy periodontal tissues [0.0 (0.0-0.0) #dditionally, in non-diabetic subjects
% of sites with LOA> 5 mm was significantly higher in the periodontgi®up [24.7

(14.5-37.2) %] compared to those with gingivitisg00.0-1.6) %] (Table 4.12).

When considering the percentage of sites with LO®Amm, there was a
significantly greater % in non-diabetic subjectshwperiodontitis [12.7 (6.0-25.6) %]
compared to the diabetic subjects with and perittiep.6 (1.2-13.3) %]. Conversely,
there was a significantly greater % in diabeticjscis with gingivitis [0.0 (0.0-0.7) %]
compared to the non-diabetic subjects with andigitig[0.0 (0.0-0.0) %]. When
comparing the subjects with T2DM, the % of sitethviOA > 6 mm was significantly
higher in those with periodontitis [4.6 (1.2-13%) compared to those with healthy
periodontal tissues [0.0 (0.0-0.2) %]. Additionally subjects with T2DM, the % of
sites with LOA> 6 mm was significantly higher in the periodontgi®up [4.6 (1.2-
13.3) %] compared to those with gingivitis [0.004@.7) %]. For non-diabetic subjects,

% of sites with LOA> 6 mm was significantly higher in those with pepatitis [12.7
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(6.0-25.6) %] compared to those with healthy pesradl tissues [0.0 (0.0-0.0) %].
Additionally, in non-diabetic subjects % of sitegkwLOA > 6 mm was significantly
higher in the periodontitis group [12.7 (6.0-23%6) compared to those with gingivitis

[0.0 (0.0-0.0) %] (Table 4.12).

When considering periodontal epithelial surfac@aRESA was a significantly
greater in non-diabetic patients with periodonfitig44.9+519.9 mrfj compared to
diabetic subjects with periodontitis [1444.7+49B&"]. When comparing the subjects
with T2DM, the PESA was significantly higher in gewith gingivitis [921.5£184.3
mnv] compared to those with healthy periodontal tisgé88.5+197.3 mfj. Similarly,
in subjects with T2DM, the PESA was significantlgler in those with periodontitis
[1444.7+495.1 mi) compared to those with healthy periodontal tisgi6©8.5+197.3
mn7]. Additionally, in subjects with T2DM, the PESAaw significantly higher in the
periodontitis group [1444.7+495.1 nihtompared to those with gingivitis
[921.5+184.3 mif]. For non-diabetic subjects, the PESA was sigaiftty higher in
those with gingivitis [921.4+154.4 nfincompared to those with healthy periodontal
tissues [787.2+82.1 mfih Similarly, in non-diabetic subjects, the PESAswa
significantly higher in those with periodontitis7jd4.9+519.9 mrij compared to those
with healthy periodontal tissues [787.2+82.1 thrAdditionally, in non-diabetic
subjects the PESA was significantly higher in teegaontitis group [1744.9+519.9

mnv] compared to those with gingivitis [921.4+154.4 fhTable 4.12, Figure 4.15)

When considering the periodontal surface area wiverh considered inflamed
due to the presence of bleeding on probing, the@®mo significant differences in PISA
were found in any periodontal category between T2&d non-diabetic subjects.
When comparing the subjects with T2DM, the PISA sigsificantly higher in those
with gingivitis [342.4 (239.4-439.1) mifhcompared to those with healthy periodontal

tissues [24.7 (0.0-89.8) nfinSimilarly, in subjects with T2DM, the PISA was
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significantly higher in those with periodontitis38.0 (439.1-1085.5) mfhcompared to
those with healthy periodontal tissues [24.7 (®@BmnT]. Additionally, subjects with
T2DM, the PISA was significantly higher in the metontitis group [683.0 (439.1-
1085.5) mrfi] compared to those with gingivitis [342.4 (239.3941) mnf]. For non-
diabetic subjects, the PISA significantly highethose with gingivitis [242.6 (195.6-
353.3) mmi] compared to those with healthy periodontal tis§4e48 (0.0-23.2) mfh
Similarly, in non-diabetic subjects, the PISA wag#icantly higher in those with
periodontitis [897.3 (683.6-1232.9) Mhtompared to those with healthy periodontal
tissues [4.48(0.0-23.2) nfin Additionally, in non-diabetic subjects the PIS/As
significantly higher in the periodontitis group [B8(683.6-1232.9) mfhcompared to

those with gingivitis [242.6(195.6-353.3) Min(Table 4.12 and Figure 4.16)
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Table 4.11 Pre-treatment clinical periodontal data comparing sibjects with and
without T2DM
Diabetic subjects Non-d.|abet|c
(n=101) subjects p-value
B (n=83)
Month 0 mean mGl 1.9 (1.3-2.5) 1.8 (0.8-2.5) NS
Month O mean Pl 0.8 (0.6-1.0) 0.6 (0.3-0.8) < 0.001
Month 0 BOP (%) 36.3+22.4 31.6 +22.7 NS
Month O mean PD (mm) 2.4 (2.0-2.8) 2.5(1.8-3.1) NS
Month O mean recession (mm) 0.3 (0.1-0.5) 0.3 (0.2-0.6) NS
Month 0 mean LOA (mm) 2.7 (2.2-3.1) 2.9 (2.0-3.5) NS

Month 0 PESA (mn¥)

Month 0 PISA (mm?)

Month 0 % PD sites>4mm
Month O total assessed sites
Month 0 % PD sites>5mm
Month 0 % PD sites>6mm
Month 0 % LOA sites >4mm
Month 0 % LOA sites >5mm
Month 0 % LOA sites >6mm

1038.9 (817.9-1327.6)1372.7 (849.2-1801.0) <0.05
526.7 (201.1-746.8) 634.1 (145.3-963.0) NS

7.8 (2.2-18.5) 14.7 (0.6-31.3) NS
150 (132.0-162.0)  156.0 (144.0-162.0) NS
2.9 (0.0-10.5) 5.6 (0.0-21.8) NS

0.0 (0.0-2.0) 0.7 (0.0-11.3) <0.01
12. (4.3-31.1) 17.9 (3.3-41.7) NS
4.0 (0.68-16.2) 8.3 (0.0-27.9) NS

0.7(0.0-4.4) 3.2 (0.0-15.1) <0.05

P-values determined using independent t-test fotimaous parametric variables (%
BOP) and Mann-Whitney U tests for the remainingtcwous non-parametric
variables. Means (£SD) are presented for parameaatiz and medians (IQR) are
presented for non-parametric data.



Table 4.12  Pre-treatment clinical periodontal data comparing goups based on diabetic status and periodontal diagpsis
Diabetic subjects (n=101) Non-diabetic subjects (n=83) p-value
Healthy Gingivitis Periodontitis Healthy Gingivitis Periodontitis
(n=14) (n=39) (n=48) (n=16) (n=19) (n=48)
Month 0 mean PI 0.4 (0.3-0.8f"* 0.9 (0.7-1.0% 0.8 (0.6-1.1% 0.2 (0.0-0.4§" 0.6 (0.4-0.7) 0.6 (0.4-0.8) #1< 0.001
%< 0.05
Month 0 mean mGl 0.8 (0.5-1.6%" 1.9 (1.3-2.5) 2.0 (1.5-2.7) 0.5 (0.3-0.8§" 1.3 (0.8-1.7) 2.4 (2.0-2.7) #11< 0.001
%< 0.05
Month 0 BOP (%) 4.5(0.7-13.1§"  35.1(25.0-44.9%° 46.0 (30.0-60.7) 0.7 (0.0-2.6" 22.0(17.3-32.6) 43.0(29.4-56.7) *'<0.001
"< 0.05
Month 0 mean PD (mm) 1.7 (1.6-1.8§ 2.1(1.2-2.2)* 2.8 (2.4-3.2) 1.6 (1.5-1.7§" 1.9 (1.8-2.1) 2.9 (2.5-3.5) #11< 0.001
%< 0.05
Month 0 mean recession (mm) 0.3 (0.1-0.4) 0.2 (0.1-0.3§ 0.4 (0.3-0.7) 0.2 (0.10.4) 0.2 (0.1-0.3) 0.4 (0.2-0.9) "< 0.01
Month 0 mean LOA (mm) 1.9 (1.8-2.1§" 2.3 (2.1-2.4)* 3.1(2.7-3.9) 1.8 (1.6-2.0§" 2.1 (2.0-2.3) 3.4 (2.9-4.2) #1l< 0.001
%< 0.05
Month 0 PESA (mn¥) 698.5+197.3' 921.5+184.3 1444.7+495 .1 787.2+82.1" 921.4+154.4 1744.9+519.9 "< 0.001
*3%0.01
Month 0 PISA (mm?) 24.7 (0.0-89.8) 342.4 (239.4-  683.0 (439.1-1085.5)  4.48 (0.0- 242.6 (195.6- 897.3 (683.6- "< 0.001
439.1§ 23.2)" 353.3) 1232.9)
Month O total sites assessed 150.0 (141.0- 150.0 (132.0-162.0) 150.0 (132.0-162.0) 156.0 (144.0- 150 (144.0-156.0) 156.0 (138.0- NS
159.0) 156.0) 162.0)
Month 0 % PD sites>4mm 0.7 (0.0-1.7§™ 3.6(1.4-7.0y 20.2 (12.7-35.2) 0.0 (0.0-0.0§" 2.0 (0.6-5.1) 24.2 (18.0-40.0) *™'<0.001
Month 0 % PD sites>5mm 0.0 (0.0-0.0§" 0.0 (0.0-1.2§ 10.9 (8.1-18.2) 0.0 (0.0-0.0§" 0.0 (0.0-0.0) 16.0 (8.0-30.8) #1<0.001
'<0.05
Month 0 % PD sites>6mm 0.0 (0.0-0.0f 0.0 (0.0-0.0) 2.7 (0.7-7.1§ 0.0 (0.0-0.0§ 0.0 (0.0-0.0) 8.7 (2.6-16.7) "< 0.001

$<0.01
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Diabetic subjects (n=101)

Non-diabetic subjects (n=83) p-value
Healthy Gingivitis Periodontitis Healthy Gingivitis Periodontitis
(n=14) (n=39) (n=48) (n=16) (n=19) (n=48)
Month 0 % LOA sites >4mm 2.3 (0.5-6.1§" 5.8 (1.8-10.1) 32.0(19.5-51.2) 1.0 (0.0-4.0¥" 4.2 (0.7-8.2) 39.9 (25.6-58.0) "< 0.05
"< 0.001
Month 0 % LOA sites >5mm 0.5 (0.0-1.7J 0.8 (0.0-2.6§ 17.3(10.6-31.7) 0.0 (0.0-0.0%"' 0.0 (0.0-1.6) 24.7 (14.5-37.2) "< 0.05
Month 0 % LOA sites >6mm 0.0 (0.0-0.2§ 0.0 (0.0-0.7)* 4.6 (1.2-13.3§ 0.0 (0.0-0.0§ 0.0 (0.0-0.0) 12.7 (6.0-25.6) "< 0.001
%< 0.05

P-values were determined using chi-squared testiarete variables, Kruskal-Wallis test with Mawitney U post hoc tests for continuous non-

parametric variables and one way ANOVA test wittgaoc independent t-test for continuous parametii@bles (PESAMean (xSD) is presented for
parametric data and median (IQR) is presenteddofparametric data.

—+ =2 H# &

indicates a comparison within rows between diabeind non-diabetic group with the same periodali¢égnosis

indicates a comparison within rows between pembalty healthy and gingivitis groups within eithgiabetes or non-diabetes groups
indicates a comparison within rows between pemdalty healthy and periodontitis groups within eitldiabetes or non-diabetes groups
indicates a comparison within rows between ginigivand periodontitis groups within either diabeteson-diabetes groups
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Figure 4.8 Pre-treatment mean Pl data comparing grups based on diabetic
status and periodontal diagnosis

300 .

| Bl T20M
B 1on-diabetic

*hk
2,507
*kk

2.00
1.50 .

1004 8 I

0.50-

Pre-treatment Pl

0.00-

I I | | I I
DH DIG ODIP NDMH  NDIG  NDIP

Boxplots of pre-treatment mean Pl data in 100 T28Mjects (healthy periodontal
tissues n=14, gingivitis n=39, periodontitis n=4nd 83 non-diabetic subjects (healthy
periodontal tissues n=16, gingivitis =19, perictitisin=48) Statistics: Kruskal-Wallis
with Mann Whitney-U post hoc test *<0.05, **p<0.0‘.t’,‘p<0.00l(according to
periodontal status within T2DM or non-diabetic golif p<0.05 % p<0.01,%%%<0.001
(T2DM versus non-diabetic groups within the coroeging periodontal status).

outlier more than 3 times the IQR from the box latanes,e outlier more than 1.5 but
less than 3 times the IQR from the box boundaries.

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddntissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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Figure 4.9  Pre-treatment mean mGlI data comparing groups basedn diabetic
status and periodontal diagnosis
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Boxplots of pre-treatment mean mGlI data in 100 T28WMjects (healthy periodontal
tissues n=14, gingivitis n=39, periodontitis n=4nd 83 non-diabetic subjects (healthy
periodontal tissues n=16, gingivitis n=19, perioutlte1n=48) Statistics: Kruskal-Wallis
with Mann Whitney-U post hoc test *<0.05, **p<0.0%*p<0.001(according to
periodontal status within T2DM or non-diabetic gojif p<0.05,%® p<0.01,%%<0.001
(T2DM versus non-diabetic groups within the cormsting periodontal status).

outlier more than 3 times the IQR from the box lanes,e outlier more than 1.5 but
less than 3 times the IQR from the box boundaries.

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddnissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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Figure 4.10 Pre-treatment mean % BOP data comparing groups baskon
diabetic status and periodontal diagnosis
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Boxplots of pre-treatment % BOP data in 100 T2DMjsats (healthy periodontal
tissues n=14, gingivitis n=39, periodontitis n=4nd 83 non-diabetic subjects (healthy
periodontal tissues n=16, gingivitis n=19, perioutlte1n=48) Statistics: Kruskal-Wallis
with Mann Whitney-U post hoc test *<0.05, **p<0.0%*p<0.001(according to
periodontal status within T2DM or non-diabetic goyif p<0.05,%® p<0.01,%%<0.001
(T2DM versus non-diabetic groups within the cormgting periodontal status).

outlier more than 3 times the IQR from the box lianes,e outlier more than 1.5 but
less than 3 times the IQR from the box boundaries.

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddnissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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Figure 4.11 Pre-treatment mean PD data comparing groups basedaliabetic
status and periodontal diagnosis
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Boxplots of pre-treatment mean PD data in 100 T2f¥jects (healthy periodontal
tissues n=14, gingivitis n=39, periodontitis n=4BJd 83 non-diabetic subjects (healthy
periodontal tissues n=16, gingivitis n=18, periouttein=47) Statistics: Kruskal-Wallis
with Mann Whitney-U post hoc test *<0.05, **p<0.0%*p<0.001(according to
periodontal status within T2DM or non-diabetic golif p<0.05,% p<0.01,%%%<0.001
(T2DM versus non-diabetic groups within the coroeging periodontal status).

outlier more than 3 times the IQR from the box latanes,e outlier more than 1.5 but
less than 3 times the IQR from the box boundaries.

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddnissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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Figure 4.12 Pre-treatment data for the % of sites with PD>4mm comparing
groups based on diabetic status and periodontal dignosis
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Boxplots of pre-treatment data for the % of sitéth WD >4mm in 98 T2DM subjects
(healthy periodontal tissues n=14, gingivitis n=B&riodontitis n=45) and 81 non-
diabetic subjects (healthy periodontal tissues ngit®ivitis n=18, periodontitis n=47)
Statistics: Kruskal-Wallis with Mann Whitney-U pdsic test *<0.05, **p<0.01,
+*n<0.001(according to periodontal status withi@DM or non-diabetic group¥;
p<0.05,%% p<0.01,%%<0.001 (T2DM versus non-diabetic groups within the
corresponding periodontal status)outlier more than 3 times the IQR from the box
boundariese outlier more than 1.5 but less than 3 times the f@m the box
boundaries.

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddntissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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Graph 4.13 Pre-treatment data for the % of sites with PD>5mm comparing
groups based on diabetic status and periodontal dignosis
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Boxplots of pre-treatment data for the % of sitéh WD >5mm in 98 T2DM subjects
(healthy periodontal tissues n=14, gingivitis n=B&riodontitis n=45) and 81 non-
diabetic subjects (healthy periodontal tissues ngli@ivitis n=18, periodontitis n=47)
Statistics: Kruskal-Wallis with Mann Whitney-U pdsac test *<0.05, **p<0.01,
*n<0.001(according to periodontal status withi@DM or non-diabetic group§;
p<0.05,%% p<0.01,%%<0.001 (T2DM versus non-diabetic groups within the
corresponding periodontal status)outlier more than 3 times the IQR from the box
boundariese outlier more than 1.5 but less than 3 times thR f@m the box
boundaries.

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddnissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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Figure 4.14 Pre-treatment data for the % of sites with PD>6mm comparing
groups based on diabetic status and periodontal dignosis
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Boxplots of pre-treatment data for the % of sitéth WD >6mm in 98 T2DM subjects
(healthy periodontal tissues n=14, gingivitis n=B&riodontitis n=45) and 81 non-
diabetic subjects (healthy periodontal tissues ngit®ivitis n=18, periodontitis n=47)
Statistics: Kruskal-Wallis with Mann Whitney-U pdsic test *<0.05, **p<0.01,
**xn<0.001(according to periodontal status withi@DM or non-diabetic group¥;
p<0.05,%% p<0.01,%%<0.001 (T2DM versus non-diabetic groups within the
corresponding periodontal status)outlier more than 3 times the IQR from the box
boundariese outlier more than 1.5 but less than 3 times the f@m the box
boundaries.

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddntissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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Figure 4.15 Pre-treatment PESA data comparing groups based oniabetic
status and periodontal diagnosis
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Boxplots of pre-treatment PESA data in 97 T2DM seuaty (healthy periodontal tissues
n=14, gingivitis n=39, periodontitis n=44) and 8&Indiabetic subjects (healthy
periodontal tissues n=16, gingivitis n=18, periditisin=47) Statistics: ANOVA with
independent sample t-test post hoc test *<0.05<@*p1, ***p<0.001(according to
periodontal status within T2DM or non-diabetic golif p<0.05, p<0.01,%%%<0.001
(T2DM versus non-diabetic groups within the coroeging periodontal status).

outlier more than 3 times the IQR from the box latanes,e outlier more than 1.5 but
less than 3 times the IQR from the box boundaries.

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddntissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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Figure 4.16 Pre-treatment PISA data comparing groups based onidbetic status
and periodontal diagnosis
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Boxplots of pre-treatment PISA data in 97 T2DM sahg (healthy periodontal tissues
n=14, gingivitis n=39, periodontitis n=44) and 8&Indiabetic subjects (healthy
periodontal tissues n=16, gingivitis =18, peridtitin=47) Statistics: Kruskal-Wallis
with Mann Whitney-U post hoc test *<0.05, **p<0.0%p<0.001(according to
periodontal status within T2DM or non-diabetic golif p<0.05, p<0.01,%%%<0.001
(T2DM versus non-diabetic groups within the coroeging periodontal status).
outlier more than 3 times the IQR from the box latanes,e outlier more than 1.5 but
less than 3 times the IQR from the box boundaries.

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddntissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis
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4.3 Discussion

In Western developed countries, the prevalence&fM is closely linked to
socio-economic status, with diabetic individualsrenlikely to live in deprived areas of
the UK (Ismailet al., 1999; Evangt al., 2000). Within the present study, subjects’
socio-economic status was assessed using IMD. mbeuof indicators, covering a
range of economic, social and housing issues anbic®d to produce a single IMD in
each small area in England. Each area can theanlred relative to one another
according to their level of deprivation. In the mnt study the IMD rank differed
significantly between the T2DM subjeclp8 (3384-21930)and the non-diabetic
subjects 18213 (7658-2503%)p < 0.001), with diabetic subjects living in aseranked
higher for IMD. This corroborates previous resegitsmailet al., 1999; Evanst al.,
2000), and shows that within the North East of Bnd| individuals with T2DM live in

more deprived areas compared to non-diabetic sishjec

Smoking is a recognised risk factor for periododiakase (Tomar and Asma,
2000). Interestingly, there was a 9% prevalencsuafent smokers in the present study
in both the T2DM and non-diabetic groups. This arkedly lower than the 21%
prevalence rate for smoking in England (Robinsahldarris, 2011). Subjects’ past
experience of healthcare could impact on smokifgtsraSmoking cessation is an
integral part of the management of T2DM (NICE, 2088d a key part of the oral
health advice provided to patients by the oralthgalofession. The lower prevalence of
current smoking in the present study comparedabftiund in the general population
could reflect the impact of smoking cessation aglyireviously received as part of
either their diabetes management and/or theirt@althcare. Furthermore, the subjects
participating in this study have actively optedimgicating the presence of a healthcare

seeking behaviour that may not be reflected irgeveeral population of England.
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Previous research has also shown that smokergaceditimes more likely to
have periodontal disease compared with non-smakigndength of smoking history
and number of cigarettes smoked per day being itapbfactors to consider (Tomar
and Asma, 2000; Calsirghal., 2002). The importance of smoking history in the
development of periodontitis is highlighted in therent study with pack years,
regardless of diabetes status, being lowest irestdbjvith healthy periodontal tissues
and highest in subjects with periodontitis, althotige differences failed to reach

statistical significance.

Previous research has clearly demonstrated thaitgh® a powerful risk factor
for T2DM (Chan et al., 1994), with general obesity,measured by BMI strongly
predicting the risk of T2DM (Wang et al., 2008)has also been said that the leading
cause for developing insulin resistance is obdg&iahn et al., 2006). Patients with
T2DM had significantly higher BMIJ2.6 (29.8-36.0) kg/fh compared to the non-
diabetic patients2[7.3 (25.0-29.5) kg/f (p < 0.001). Furthermore, the T2DM group
contained a higher proportion of obese (43%) andbidly obese (31%) subjects

compared to 11% and 13% in the non-diabetic groegpectively.

Cross-sectional studies have demonstrated a posisisociation between
periodontal disease and obesity (Pisceoa., 2007). Interestingly, in the current study,
BMI was significantly higher in non-diabetic subjeevith periodontitis38.1 (25.2-

32.0) compared to non-diabetic subjects with healthyoga®ntal tissues24.7 (23.1-

27.7) (p < 0.05). Similarly, in subjects with T2DM, withe BMI appeared higher in

the periodontitis grouBB.0 (29.9-36.9)compared to the group with healthy periodontal
tissues $1.2 (24.5-34.9) although the difference failed to reach sigrfice. Therefore,
the current study would appear to support data saecent meta-analysis that,

notwithstanding the limitations stated by the awhprovided evidence of a greater
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mean CAL among obese individuals and a higher Bilbrag periodontal patients

(Chaffee and Weston, 2010).

T2DM and hypertension are commonly associated tiongi both of which
carry an increased risk of cardiovascular and rdisalase (Garciet al., 1974; Turner
et al., 1998b). The prevalence of hypertension in T2DMigher than that in the
general population, especially in younger pati¢H3S, 1993). Tight control of BP in
hypertensive patients with T2DM has been showrrdeide a 24% reduction in
diabetic complications and a 32% reduction in deatfated to diabetes (Turner et al.,
1998a) and this is now reflected within national giddelines for the management of
T2DM (NICE, 2008). However, despite the clear ganafor the intensive
management of hypertension in subjects with T2D#d,fdresent study demonstrates
that systolic BP is significantly higher in subgetith T2DM [146.9+21.2 mmHg]
compared to non-diabetic subjects [136.6+18.9 mn{HgD.001). Despite clinical trials
having convincingly demonstrated that intensieatment of hypertension among
patients with diabetes reduces diabetic complioatend deaths related to diabetes
(Turneret al., 1998a) the mean BP for subjects with T2DM inctuidethis study was
147+21 mmHg /81(74-90) mmHg which is above theda(@40/80 mmHg) set out
within UK management guidelines for T2DM (NICE, 3)0This supports previous
research that consistently found that most dialpetieents do not achieve recommended
levels of blood pressure control (Margnal., 1995; Harris, 2000). A lack of
medication intensification by clinicians in hyperséve subjects with T2DM is
recognised as a major factor in patients not aahgethe recommended BP targets
(Berlowitz et al., 2003) although, the reasons why clinicians atemmre aggressively
managing hypertension in patients with T2DM remaineglear. However, the

implications for patients with T2DM not achievindemjuate blood pressure control
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remain significant, placing them at an increassk of life limiting diabetic

complications, such as CVD (Turnetral., 1998b).

In patients with T2DM, the risk of diabetic comg@tmons is strongly associated
with hyperglycaemia, with reductions in HbAlc leaglto a reduced the risk of
developing diabetic complications (UKPDS, 1998acHt1% reduction in mean
HbAlc has been shown to be associated with recwectiorisk of 21% for diabetic
complications (Strattogt al., 2000). Such data have been influential in thesbigament
of management guidelines for T2DM, which advocaieg dietary and lifestyle
interventions with medication, as required, toi@aed and maintain the ideal target
HbALlc level of 6.5% or less (NICE, 2008). Interegty, in the current study, only
26.3% of subjects met the HbAlc target of 6.5%os¢in the UK T2DM management
guidelines (NICE, 2008). The most recent Nationialb@tes Audit for 2009-2010
showed that 66.5% of people with T2DM were achig\arHbALc of 7.5% or less
(National Diabetes Audit, 2011), however, disappogly, the % of subjects achieving
the optimal target of 6.5% for T2DM set by NICE wa published , although it is
reasonable to propose the % of subjects woulddsetlan 66.5%. Although the
benefits of more intensive management in preverdimgdelaying the development and
progression of diabetic complications are well doented, achieving an ideal HbAlc
has to be balanced against the risk of hypoglycaepisodes. Previous research has
shown that subjects who receive intensive manageaidryperglycemia, such as
through the use of insulin, have more hypoglycaepisodes than subjects not
receiving intensive management of blood glucoseRDE, 1998a). Risk of
hypoglycaemic episodes may be one reason why dslgee not intensively managed

to achieve an ideal HbAlc target of 6.5%.

Research shows that a deterioration of insulinegi®er over time is the usual

course in most patients with T2DM, and many pasievitl have deficient insulin
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secretion after 10 years of diabetes (Wallace aatthdws, 2002). The rate of
deterioration in diabetes control is around 1.5%\Hbper 10 years and it thought to be
a result of a decline ip-cell function (Home, 2008b). Patients with a longgestory of
T2DM may therefore find it more difficult to achievadequate blood glucose control
and potentially they are exposed for a greaterttenfjtime to diabetes related risk
factors. In this study, subjects with gingivitisQg3.0-13.0 years] or periodontitis [7.0
(3.0-10.0) years] presented with a significantilyger history of diabetes compared to
those with healthy periodontal tissues [2.5 (1@-ears] (p < 0.05) (Table 4.4).
Furthermore, there were significant differencethim proportions of subjects meeting
the UK target for glycaemic control of HbA¥c6.5 %, with a higher proportion of
subjects with healthy periodontal tissues meetiegtarget (64.3%) and progressively
fewer subjects reaching this target in the gingi\26.3%) and periodontitis groups
(14.9%) respectively (Table 4.4 and Figure 4.4er€hwere also significant differences
in the proportions of subjects with specific marragat regimes with a higher
proportion of subjects with healthy periodontasties being managed by dietary
intervention alone (42.9%) and progressively fesudjects being managed by diet
alone in the gingivitis (12.8%) and periodonti®s5%) groups, respectively.
Conversely, a higher proportion of subjects withgmbontitis (29.8%) required insulin
and there were progressively fewer subjects ragginisulin in the gingivitis (17.9%)

and healthy periodontal tissues (0.0%) groups @ty (Table 4.4).

Taken collectively, this highlights that the debeation in glycaemic control
appears to be mirrored by worsening periodontdtinedhus, as with other diabetes
complications, the duration of diabetes and theekegf glycaemic control would
appear to be important factors in the deterioratioperiodontal health. The 2 way
relationship between T2DM and periodontal diseasgdcprovide an explanation for

this. T2DM or specifically hyperglycaemia may madififlammatory processes
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contributing to local dysregulated immune-inflamorgitresponses, causing increased
periodontal destruction and likewise, inflammatomanges within the periodontal
tissues may impact on glycaemic control and théegys health of those with T2DM.
However, the influence of health behaviours on A&@BM and periodontal disease
should also not be overlooked. For example, thelseof compliance with health care
behaviours required to achieve good glycaemic obate likely to be mirrored in the
quality of oral hygiene practices achieved. Thsri#ationship between T2DM and

periodontal disease could be a reflection of health behaviours.

In the current study, 1/3 of the T2DM subjects hatktast one diabetic
complication. Previous research demonstrates nathavascular complications in
T2DM subjects with periodontitis compared to T2Dibgects without periodontitis
(Jansson et al., 2006). In the current study, hdrigroportion of subjects reporting a
diabetic complication was seen in subjects withqoemntitis [35.4%] and gingivitis
[35.9%] compared to subjects with healthy periodbtissues [14.3%], although the
difference failed to reach statistical significan@éthin the literature, epidemiological
data suggest a link between periodontitis and areased risk of cardiovascular events
(Humphreyet al., 2008). Similarly, the association between T2DM &VD is well
known (Strattoret al., 2000) as is the association between T2DM andgenital
diseases (Taylor, 2001). However, the nature oa#seciations between these three
diseases remains unclear, with periodontitis, CviD 82DM all sharing a number of
risk factors. Common pathological mechanisms coesdilt in increased susceptibility
to these three diseases, however interventiorads tare required to clarify the

relationship between periodontal disease, cardemtasdisease and T2DM.

When considering patient care pathways within dedenanagement, it is
interesting to note that in the current study, 3§%ubjects with T2DM had received

examinations of their feet and eyes within the g2stonths. This clearly demonstrates
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the robust patient pathway that exists for scregfon diabetic complications.
However, the same is not true of screening for coabplications of T2DM, with as
many as 1/3 of subjects with T2DM in this studya®img not seeing a dentist in the
past 12 months. Thus, a regular opportunity forsttreening of oral complications in

this disease susceptible population is clearlydp&ist.

The current study demonstrates that, comparecetadh-diabetic group, the
T2DM group had a higher number of subjects whogares] with clinically detectable
dry mouth. This supports previous research dematirgg a higher prevalence of
xerostomia in patients with T2DM compared to noabeitic subjects, with polyuria and
medications being cited as the potential causesyomouth in subjects with T2DM

(Sandbergt al., 2000; Hintacet al., 2007; Borgest al., 2010).

Furthermore, in agreement with previous researcthe T2DM group in this
current study, the percentage of subjects witkadtlone carious tooth was over 4 times
greater in subjects with T2DM (21%) compared to-d@betic subjects (4.9%) (p <
0.05) (Sandbergt al., 2000; Hintacet al., 2007). The most recent UK Adult Dental
Health Survey showed that in the general populgtienunder 1/3 of dentate adults
(31%) had obvious tooth decay (Steele and O’ Salj\2011), which is higher than for
subjects within the current study. However, giiea ¢cumulative nature of dental
disease and the potential of caries to cause paisepsis, it is disappointing that,
within the current study, subjects with T2DM appteabe 4 times more likely to be
experiencing dental caries. This is particularlgvant given the importance of diet and
nutrition for subjects with T2DM. Possible reasdmrsthis difference could include
differences in diet, although as part of the maneage of T2DM patients are actively
advised to limit their intake of carbohydrates, @bhis also an important message for
caries prevention. The differences may also bdlect®n of the recruitment strategy

for the current study in which subjects with T2DMne recruited from databases of



4 Results 167

T2DM patients held in both primary and secondarng cettings whereas non-diabetic
patients were recruited from either those refefrech general dental practice into the
restorative department within the School of DeBtEkences or patients seen on student

treatment clinics within the School of Dental Scies

Previous research has demonstrated that the asitosvards oral health of
patients with diabetes are poor in comparison Wiehfindings from surveys of the
general population (Allen et al., 2008). Other s#adhave reported on the dental care
habits of subjects with T2DM both with and withgriodontal disease, but providing
no comparison with non-diabetic subjects (Janssah,£2006). In this current study,
the T2DM group reported poorer oral health behagidincluding attendance at a
dentist and oral hygiene practices) compared tmtmediabetic group. T2DM subjects
reported a less favourable pattern of attendantteed&DP, with 62% of T2DM
subjects regularly attending and 68% attendingpénpast 12 months compared to 77%
and 86%, respectively, for non-diabetic subjectss Bupports previous reports that
70% T2DM subjects have attended a dentist in tlse Hamonths (Jansson et al.,
2006). The current study showed that T2DM subjespterted less favourable oral
hygiene practices, with 64% of T2DM subjects tootishing at least twice a day, 30%
once a day, 7% less than once a day and 25% cteant@rproximally more than 3
times a week compared to 92%, 5%, 2% and 47% régplycfor non-diabetic subjects.
This supports reports that approximately 90% dbjestts with T2DM toothbrush at
least once a day but is not in agreement with tegbat 51% of subjects with T2DM
clean interproximally more than 3 times a week $3an et al., 2006). Interestingly,
attendance pattern and tooth brushing frequendheim2DM subjects from this study
were comparable with findings from the general Wowlation, with the UK Adult
Dental Health Survey (Steele and O’ Sullivan, 20&pprting that 61% of the general

population attend a dentist regularly and 75% ckdeast twice a day. In contrast, the
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attendance patterns and tooth brushing frequentheinon-diabetic subjects included
in the current study appear to be more favourdtaa that of the general UK

population.

Possible reasons for more favourable oral healdawieurs in the non-diabetic
subjects compared to either the T2DM subjects ta filtam the general population
could reflect the recruitment strategy used indineent study, with the non-diabetic
subjects being recruited from patients referrechfgeneral dental practice or from
patients seen on student treatment clinics withenSchool of Dental Sciences and
therefore likely to be motivated, oral health saegkindividuals, that have previously
received oral hygiene advice. On the other han@nwonsidering the reasons for the
poorer oral health behaviours in the T2DM group pared to the non-diabetic group
seen in this current study, it is important to gguee that given the potential severe and
life threatening complications of diabetes, orallpems may not be a major priority for
this group of patients. Furthermore, in the cursgatly, patients were not matched
based on regular attendance at a dentist or déjprivd his could introduce a potential
bias in oral health behaviours, in that 77% of daabetics as compared to 62% of
diabetics reported attending a dentist regularty ttue T2DM subjects lived in more
deprived areas than the non-diabetic subjects.nbi unreasonable to think that regular
attenders at a dentist would have better oral Inéalbwledge and thus more favourable
oral health behaviours. Furthermore, answers tstgues may be subject to recall bias
due to participants giving socially acceptable oeses to questions pertaining to oral

health behaviours (Alleat al., 2008).

Interestingly, the current study demonstrates twhpared to the non-diabetic
group, subjects with T2DM had lower total cholestand lower non-HDL, which are
both considered indicators of risk for CVD. Potahyj, this reflects the UK

management guidelines for T2DM which recommend&adjeadvice to optimise blood
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lipid profile and the use of lipid lowering therapyreduce CVD risk in T2DM subjects
(NICE, 2008). Therefore, it is feasible that theD\2 subjects in the current study are
receiving more aggressive management of CVD rigk®fs than the non-diabetic
subjects. In this current study, 72% of subjecth WR2DM were taking lipid lowering
medication; however, comparable data for non-dialsetbjects were not collected in
this study. Within the published literature, the/fetudies that present blood lipid
profiles in patients with diabetes and periododiaéase use fasting samples (Cudter
al., 1999a; Kardesleat al., 2010), thus preventing a direct comparison wilugs
obtained in this current study (which used nonifigssamples). One study found no
significant differences in total cholesterol, tyigérides and low density lipoprotein
levels between subjects with T2DM and non-diabsiigjects (Kardesleat al., 2010).
This was not supported by data from the currerttysthiat found T2DM subjects had
significantly higher triglyceride levels and signédntly lower levels of HDL, non-HDL
and total cholesterol compared to non-diabeticexttb] Another study demonstrated a
trend for increased levels of triglyceride in sutgewith T2DM compared to non-

diabetic subjects (Cutlet al., 1999a), thus supporting data from the currerdystu

Currently the data regarding levels of hsCRP imep#t with T2DM and
periodontitis is limited (Correet al., 2010; Kardeslegt al., 2010). One study reported
no significant difference in hsCRP levels betwedbnjexts with T2DM and non-diabetic
subjects (Kardeslast al., 2010) although a lack of a non-diabetic group tfferent
study prevents a similar comparison (Comed., 2010). In the current study, levels of
hsCRP appeared higher in subjects with T2DM [28B#5) mg/L] compared to non-
diabetic subjects [1.9(0.8-3.9) mg/L], however diféerence failed to reach statistical
significance (Table 4.10 and Figure 4.6). Due ®wlde variation seen in hsCRP
levels, further studies with larger sample sizesildidoe required to clarify whether

CRP levels are actually higher in subjects with WREompared to non-diabetic
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subjects. Interestingly, when subjects were furtdaegorised based on periodontal
status, subjects with T2DM and healthy periodotisaues [2.4(0.8-5.5) mg/L] had
significantly higher hsCRP levels than non-diabstibjects with the same periodontal
status [0.6(0.2-1.5) mg/L] (p < 0.05), potentialypporting published evidence that
demonstrates the association between elevatedrigstdlammation and the
development of T2DM (Bertoni et al., 2010). Evideritom a meta-analysis also that
demonstrated that CRP is consistently elevateatiemts with periodontitis compared
to patient with healthy periodontal tissues (Pagaak et al., 2008). This was confirmed
in the current study, which showed that in non-dtabsubjects, those with healthy
periodontal tissues [0.6(0.2-1.5) mg/L] had sigrafitly lower hsCRP levels compared
to subjects with gingivitis [2.3(0.9-4.6) mg/L] periodontitis [2.4(0.8-5.5) mg/L] (p <
0.05). However, in subjects with T2DM, similar @ifénces were not found when
comparing subjects with healthy periodontal tis§@e$(0.8-5.5) mg/L], gingivitis
[2.4(1.0-4.4) mg/L] and periodontitis [2.1(0.9-4r&p/L]. Perhaps the raised
background levels of CRP seen in subjects with T2D&dks any differences in CRP
levels caused by inflammation in the periodontdues. The assessment of systemic
inflammation in the current study, did not howeuake into account the potential
impact of medication on systemic inflammation. Erample, as part of the
management of CVD risk, statins have been shovower LDL and also reduce CRP
levels, with both mechanisms contributing indepeigeto CVD risk reduction

(Devarajet al., 2007; Ridker and Silvertown, 2008).

This study showed that, as expected, HbAlc wasehighthe T2DM group
compared to non-diabetic group (Table 4.10). Previ@search demonstrated higher
HbAlc levels were found in subjects with poorerngaontal health (Janssahal.,
2006; Cheret al., 2010). This current study found a trend for anhkigHbALc level in

T2DM subjects with periodontitis [7.5 (6.7-9.2)%grupared to T2DM subjects with
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healthy periodontal tissues [6.4 (5.9-9.0)%]. Gibexth the variability of HbAlc seen
in subjects with T2DM and the statistical requireti® correct the p-values to
compensate for multiple comparisons, the numbessibjects included in this study

were too small to clarify the relationship of HbAdied periodontal status.

When the HbA1c level for T2DM subjects with periotitis was compared to
that reported in previous research, it would appearparable to some studies (Kimin
al., 2005; Cheret al., 2010) but lower than other studies (Correa eall0).
Interestingly, some studies categorised T2DM subjeased on glycaemic control with
the T2DM subjects with periodontitis in our studyving a HbAlc level that was lower
than the ‘poorly controlled group’ and higher ttiha ‘well controlled group’ used in
previous studies (Dag al., 2009; Kardeslegt al., 2010). Given the proposed interplay
between hyperglycaemia and inflammatory mediat®tgriivollet al., 2005), it could
be viewed as important to ensure that HbAlc leasdsconsistent in all studies.
However, limiting inclusion of T2DM subjects inttuslies based on their HbAlc value
would reduce how accurately results can be geserhtio the T2DM population as a
whole. Stratification of subjects based on theiHb levels could be used; however
adequate numbers of subjects would be requireddh eategory of HbAlc.
Stratification of subjects based on HbAlc was nolt into the recruitment strategy for
the current study and to prevent low n values ougs, data were not subsequently

stratified when the data was analysed.

Previous epidemiological evidence has reportedhareased prevalence and
severity of periodontal disease in subjects witbPcompared to non-diabetic
subjects (Shlossmag al., 1990; Sandberg al., 2000; Mattoutt al., 2006; Moles,
2006). In more recent interventional studies eualgahe response to periodontal
therapy, the pre-treatment periodontal conditiosuddjects with and without diabetes

was well matched (Dag al., 2009; Kardesleet al., 2010) or the T2DM subjects had
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higher levels of BOP and mean PD (Correa et aO820n the current study, when
exploring the pre-treatment periodontal statusubjects with T2DM in comparison to
those without diabetes, no significant differen@swviound in the mean PD for subjects
with T2DM and periodontitis [2.8 (2.4-3.2) mm] coarpd to non-diabetic subjects
with periodontitis [2.9 (2.5-3.5) mm]. Interestiggthe mean PD data from this current
study are comparable to data from some previousestifKiranet al., 2005; Daggt al.,
2009) but are lower than data from other studiesr@et al., 2008; Kardeslest al.,
2010), indicating potential variations in extenfpefiodontal disease between different
studies. However, only one previous study suppléetethe mean PD data with data on
the % of sites with advanced periodontal disedsaymg that when considering the %
of PD sites> 7 mm, the differences between subjects with T2DN [1.0-22.0)%] and
non-diabetic subjects [5.5 (3.0-14.0)%] were foantibe significant (Correa et al.,
2008). Periodontal disease rarely affects all pafrthe periodontium equally and mean
PD provides only a crude description of the PD tbimeach subject. Therefore, the
use of mean PD, without additional data on the %itef with advanced periodontal
disease, is a limitation of all other studies iis field of work. In the current study, the
% of PD sites> 6 mm was significantly lower in subjects with T2David periodontitis
[2.7 (0.7-7.1)%] compared to non-diabetic subjedth periodontitis [8.7 (2.6-16.7)%)]
(p <0.01), indicating more severe periodontal akgewas present in non-diabetic
subjects compared to subjects with T2DM (Table 4id Figure 4.13). This may
reflect the differences in the recruitment pooleduor diabetic and non-diabetic
subjects in the current study. As previously désatj T2DM subjects were recruited
from medical databases of T2DM patients held imlpsimary and secondary care
settings whereas the non-diabetic subjects weraited from patients referred from
general dental practice or from patients seen waesit treatment clinics within the

School of Dental Sciences. Although, diabetic aod-diabetic subjects were matched
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based on their periodontal diagnosis, the extepeabdontal disease was not however
considered in this process. This is a limitationhaf current study and highlights a need
to stratify periodontal case selection based oargxind severity of disease to ensure

more robust matching of groups with regards toqukmntal status in future studies.

In the current study, exploration of the data retato gingival inflammation
indicates different patterns for subjects with T2Rdmpared to non-diabetic subjects,
with significantly higher levels of mGl and % BOiPsubjects with T2DM and healthy
tissues [0.8 (0.5-1.6) and 4.5 (0.7-13.1)] or gritg [1.9 (1.3-2.5) and 35.1 (25.0-
44.9)] compared to non-diabetic subjects with tgatteriodontal tissues [0.5 (0.3-0.8)
and 0.7 (0.0-2.6)] and gingivitis [1.3 (0.8-1.7da2P.0 (17.3-32.6)] (p < 0.05) (Table
4.12 and Figure 4.8 and 4.9). This supports data firevious studies that demonstrate
significantly higher levels of gingival inflammatian subjects with T2DM compared to
non-diabetic subjects (Lu and Yang, 2004; Camgbas., 2005; Mattoukt al., 2006;
Correaet al., 2008). A potential explanation for the higherdksvof gingival
inflammation seen in subjects with T2DM is that thereased gingival inflammation is
a manifestation of the upregulated systemic inflatiom seen in diabetes. In the
current study, the same pattern of increased gahgilammation in subjects with
T2DM compared to non-diabetic subjects is not ogpéid in subjects with periodontitis.
There were no significant differences in % BOP art@l in subjects with T2DM and
periodontitis [46.0 (30.0-60.7) and 2.0 (1.5-2a)mpared to non-diabetic subjects with
periodontitis [43.0 (29.4-56.7) and 2.4 (2.0-2.M)]s not unreasonable to presume that
the more severe periodontal disease present irdiadretic subjects compared to
subjects with T2DM likely masked the presence bigher background level of
gingival inflammation in subjects with T2DM with pedontitis compared to non-

diabetic subjects who had periodontitis.



4 Results 174

In previously published research, both PESA andARi&ve been used to
investigate the condition of the periodontal tiss(idesset al., 2008; Nesset al.,
2009). Using measurements for LOA and recessiénsées per tooth, the surface area
of the periodontium is calculated, taking into aatiovariations in the root surface area
of each tooth, and PESA (nijis the sum value for the periodontal surface &wethe
whole mouth. To calculate the surface area of inéld periodontal tissue, the
periodontal surface area for each tooth is muégply the proportion of sites around
the tooth affected by BOP, and PISA (A)is the sum value for the periodontal

inflamed surface area for the whole mouth.

In the current study, PESA is able to representdspects of the PD data,
highlighting differences in PD between subjectdwidifference periodontal status. For
example, when comparing the subjects with T2DM,RESA was significantly higher
in those with gingivitis [921.5+184.3 nfircompared to those with healthy periodontal
tissues [698.5+197.3 mfin(p < 0.01), the PESA was significantly highettfie
periodontitis group [1444.7+495.1 nihtompared to those with gingivitis
[921.5+184.3 mi] (p < 0.001) and the PESA was significantly higimethose with
periodontitis [1444.7+495.1 nfincompared to those with healthy periodontal tissue
[698.5+197.3 mr] (p < 0.001). Similarly, for non-diabetic subjedise PESA
significantly higher in those with gingivitis [92:154.4 mrfi] compared to those with
healthy periodontal tissues [787.2+82.1] fifm< 0.01), the PESA was significantly
higher in the periodontitis group [1744.9+519.9 thoompared to those with gingivitis
[921.4+154.4 mi] (p < 0.001) and the PESA was significantly higimethose with
periodontitis [1744.9+519.9 nfincompared to those with healthy periodontal tissue
[787.2+82.1 mrfi (p < 0.001) (Table 4.14, Figure 4.14). Furthereydhe present study
demonstrated that PESA was more sensitive thamé#an PD data in detecting the

presence of advanced periodontal disease. PESAigmificantly greater in non-
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diabetic subjects with periodontitis [1744.9+51M@a7] compared to subjects with
T2DM and periodontitis [1444.7+495.1 ripgp < 0.01). This supports the significantly
greater % of PD sitesmm in non-diabetic subjects [8.7 (2.6-16.7)%] caneg to
subjects with T2DM [2.7 (0.7-7.1)%] (p < 0.01). BhiPESA was able to detect the
more advanced periodontal disease present in thaiabetic subjects compared to
subjects with T2DM. Conversely, when consideringam®D data, no significant
differences were demonstrated between non-diabetiects [2.9 (2.4-3.2) mm] and
non-diabetic subjects [2.9 (2.5-3.5) mm], highliggtthat mean PD fails to detect the
differences in PD that were present. In the curseindy, PESA not only supports the
conventional PD data, but is also able to bettdicate the extent and severity of the

periodontal disease present (Table 4.12).

PISA incorporates both periodontal surface areaB{d# data into a single
variable. In the current study, PISA was able foesent key differences between
subjects with difference periodontal status. Famegle, when comparing the subjects
with T2DM, the PISA was significantly higher in tt®with gingivitis [342.4 (239.4-
439.1) mni] compared to those with healthy periodontal tiss2d.7 (0.0-89.8) mfh
(p < 0.001), the PISA was significantly higher e tperiodontitis group [683.0 (439.1-
1085.5) mmf] compared to those with gingivitis [342.4 (239.3941) mnf] (p < 0.001)
and the PISA was significantly higher in those wadriodontitis [683.0 (439.1-1085.5)
mnv] compared to those with healthy periodontal tissi2d.7 (0.0-89.8) mfh (p <
0.001). Similarly, for non-diabetic subjects, tH&R was significantly higher in those
with gingivitis [242.6 (195.6-353.3) mfhcompared to those with healthy periodontal
tissues [4.48 (0.0-23.2) nfir(p < 0.001), the PISA was significantly highertire
periodontitis group [897.3 (683.6-1232.9) Aimompared to those with gingivitis
[242.6 (195.6-353.3) mfh(p < 0.001) and the PISA was significantly highrethose

with periodontitis [897.3 (683.6-1232.9) Mihcompared to those with healthy
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periodontal tissues [4.48(0.0-23.2) Rrfp < 0.001) (Table 4.14, Figure 4.14). PISA
was greater in non-diabetic subjects with perioitist{897.3 (683.6-1232.9) mfh
compared to subjects with T2DM and periodontit83® (439.1-1085.5) mfh
however, the differences failed to reach signife&anrhus, although PISA showed a
similar pattern, it was not able to confirm (witlatsstical significance) the significantly
greater % of PD sites 6 mm in non-diabetic subjects [8.7 (2.6-16.7)%hpared to
subjects with T2DM [2.7 (0.7-7.1) %] (p < 0.01).i¥ndicates that the incorporation
of BOP into PISA makes it less sensitive than PiSdetecting differences in the
extent and severity of periodontal disease as eeéfioy PD. However, given that BOP
data remains key in the clinical assessment cdmmfhation in the periodontal tissues, it
would be appropriate to present both PESA and RiSén evaluating the clinical

periodontal status.

Summary of key findings from chapter 4

» Subjects with T2DM had significantly higher BMI cpared to the non-diabetic
subjects and systolic BP was significantly higmesubjects with T2DM compared

to non-diabetic subjects.

» Subjects with gingivitis or periodontitis presenteith a significantly longer history
of diabetes compared to those with healthy peritaldissues and fewer reached the
UK target for HbAlc. Also, insulin was requiredarhigher proportion of subjects

with periodontitis compared to those with healtleyipdontal tissues.

* 95% of subjects with T2DM had received examinatiohtheir feet and eyes within
the past 12 months. However, 1/3 of subjects wiBN had not seen a dentist in

the past 12 months.
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Subjects with T2DM had a significantly higher %soibjects with dry mouth
compared to those without diabetes. Also, the peace of subjects with at least one
carious tooth was over 4 times greater in subjeitts T2DM compared to non-

diabetic subjects.

The T2DM group reported poorer oral health behagdincluding attendance at a

dentist and oral hygiene practices) compared tmtimediabetic group.

Levels of cholesterol and non-HDL were significgridwer in subjects with T2DM

compared to non-diabetic subjects.

Levels of hsCRP appeared higher in subjects wilhMZompared to non-diabetic
subjects, however the difference failed to reaaligttcal significance. Also, in non-
diabetic subjects hsCRP was significantly lowethiose with healthy periodontal

tissues compared to subjects with gingivitis onquintitis.

A trend for higher HbAlc in T2DM subjects with peatontitis compared to T2DM

subjects with healthy periodontal tissues was seen.

No significant difference was found in the meanfBbDsubjects with T2DM and
periodontitis compared to non-diabetic subjects\piriodontitis. However, the %
of PD sites> 6 mm was significantly lower in subjects with T2Ddvid periodontitis

compared to non-diabetic subjects with periodaatiti

Higher levels of gingival inflammation were seersubjects with T2DM and
gingivitis compared to non-diabetic subjects wilhggyitis, although this difference

is not replicated in subjects with periodontitis.

PESA is able to represent key aspects of the P&) Heghlighting differences in PD
between subjects with different periodontal staiind detecting differences in the

extent and severity of periodontal disease betWeéyV and non-diabetic subjects.
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Chapter 5 Analysis of pre-treatment local and systemic

cytokine levels in patients with T2DM

5.1 Introduction

A number of prospective studies have demonstategkssociation between
higher circulating levels of inflammatory mediatossch as IL-6 and CRP, and the
development of T2DM (Pradhahal., 2001; Sprangest al., 2003b; Bertonét al.,
2010). This relationship between inflammation a2dW is mediated through

adiposity, insulin resistance afiecell dysfunction (Donatlet al., 2003; Pickup, 2004).

In the pathogenesis of periodontal disease, tip@itance of the host response
and the production of inflammatory cytokines is wetognised. Research has
demonstrated elevated inflammatory cytokine leiretsssue and GCF samples in
disease compared to health (Stashestlab., 1991b; Irwin and Myrillas, 1998;
Engebretsomt al., 2002; Linet al., 2005; Zhonget al., 2007) with reductions following
successful periodontal management (Engebretsdn 2082). Published data on
circulating levels of inflammatory cytokines in pEtontitis are currently very limited
(Marcacciniet al., 2009; Suret al., 2009), as are data for salivary levels of
inflammatory cytokines in periodontitis (Millet al., 2006; Gursot al., 2009; Teles

et al., 2009; Costat al., 2010).

Clearly, inflammatory cytokines contribute to thetlpogenesis of both T2DM
and periodontitis. Alterations in immunologicallgt&xe molecules as a result of T2DM
have the potential to influence the cytokine netkwithin the periodontium and thus
contribute to local periodontal tissue destructiemthermore, inflammation within the
periodontium has the potential to contribute togistemic inflammatory burden and
thus influence the pathogenic mechanisms preser2lM. It is therefore surprising

that, until very recently, relatively few studieschinvestigated the role of inflammatory



5 Results 179

cytokines in patients with T2DM and periodontaledise (Cutleet al., 1999a;
Engebretsomt al., 2007; Correat al., 2008; Daget al., 2009; Correat al., 2010;

Kardeslert al., 2010; Santost al., 2010).

5.2 Results

5.2.1 Analysis of local and systemic cytokine levels baf periodontal

management

5.2.1.1 Analysis of pre-treatment serum cytokine levels imf2DM and non-
diabetic patients with or without periodontal disease

Table 5.1 and Figure 5.1 show that before pericadreatment, the levels of
TNF-a, IL-1p and INFy in serum were significantly higher in subjectshwi2DM
[7.45 (5.07-9.23) pg/ml, 0.18 (0.01-0.37) pg/ml dn85 (0.66-2.50) pg/ml] compared
to non-diabetic subjects [5.25 (3.15-7.69) pg/n40(0.00-0.10) pg/ml and 0.78 (0.43-
1.88) pg/ml] (p<0.01). However, caution must bedusten interpreting these results
given that serum levels of ILBland INFy for both groups are around the lower limits

of detection for the assay used (Table 5.1 andr&igLL).

Table 5.2 presents serum cytokine concentratiofsdeeriodontal treatment
following further categorisation of subjects basadheir periodontal diagnosis. When
considering IL-6 levels in serum, there were naicant differences found in any
periodontal category between T2DM and non-dialmiljects. When comparing the
subjects with T2DM, serum IL-6 appeared highehiose with gingivitis [1.33 (0.42-
2.65) pg/ml] compared to those with healthy perimdbtissues [0.50 (0.33-0.81)
pg/ml]. However, the Bonferroni-Holm correctionmfvalues for multiple comparisons
placed the critical p-value at 0.017, therefores thifference was detected as trend
(p=0.018). Likewise, when comparing the subjecth wkDM, serum IL-6 appeared

higher in those with gingivitis [1.33 (0.42-2.6%)/ml] compared to those with
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periodontitis [0.51 (0.34-1.50) pg/ml]. HoweveretBonferroni-Holm correction of p-
values for multiple comparisons placed the critwatalue at 0.025, therefore, this
difference was detected as trend (p=0.041). Furtbes, in subjects with T2DM, serum
IL-6 levels were not significantly different in the with healthy periodontal tissues
[0.50 (0.33-0.81) pg/ml] compared to those withigawntitis [0.51 (0.34-1.50) pg/ml].
In non-diabetic subjects, serum IL-6 levels weregignificantly different in those with
healthy periodontal tissues [0.69 (0.43-1.11) pf/gihgivitis [0.75 (0.41-1.42) pg/ml]

and periodontitis [0.59 (0.32-0.93) pg/ml] (Tabl@)s

When considering serum TNE-the levels were significantly higher in diabetic
subjects with periodontitis [7.10 (3.25-9.30) pd/edmpared to the non-diabetic
subjects with periodontitis [3.44 (2.34-7.24) pd/(pl <0.05). However, there were no
significant differences in serum TNElevels in those with gingivitis or healthy
periodontal tissues when comparing T2DM and nobetia subjects. In subjects with
T2DM, serum TNFa levels were not significantly different in thosé@whealthy
periodontal tissues [8.02 (6.34-9.24) pg/ml], guiig [7.69 (5.62-9.26) pg/ml] and
periodontitis [7.10 (3.25-9.30) pg/ml]. For nondokdic subjects, serum TNikwas
significantly higher in those with periodontallydithy tissues [6.28 (4.4-8.81) pg/ml]
compared to those with periodontitis [3.44 (2.3247 pg/ml] (p < 0.05). Also, in non-
diabetic subjects, serum TNFwas significantly higher in those with gingivi{is.39
(5.21-8.03) pg/ml] compared to those with periodenf3.44 (2.34-7.24) pg/ml] (p <
0.05). However, in non-diabetic subjects, thereewer significant differences in serum
TNF-o between those with healthy periodontal tissue28[6¢4.4-8.81) pg/ml] and those

with gingivitis [6.39 (5.21-8.03) pg/ml] (Table 5.2

When considering serum ILB1the level was significantly higher in diabetic
subjects with healthy periodontal tissues, gingaind periodontitis [0.28 (0.09-0.40)

pg/ml, 0.24 (0.04-0.40) pg/ml] and 0.08 (0.00-0.Bg)ml] compared to non-diabetic
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subjects with healthy periodontal tissues, gingaind periodontitis respectively [0.09
(0.06-0.14) pg/ml, 0.09 (0.02-0.20) pg/ml and (0®0-0.48) pg/ml] (p < 0.05). In
subjects with T2DM, serum ILfllevels were not significantly different in thosélw
healthy periodontal tissues [0.28 (0.09-0.40) ph/gihgivitis [0.24 (0.04-0.40) pg/ml]
and periodontitis [0.08 (0.00-0.34) pg/ml]. For raimbetic subjects, serum I3 vas
significantly higher in those with periodontallydithy tissues [0.09 (0.06-0.14) pg/ml]
compared to those with periodontitis [0.00 (0.0050.pg/ml] (p <0.001). Also, in non-
diabetic subjects, serum I3 vas significantly higher in those with gingivifi3.09
(0.02-0.20) pg/ml] compared to those with perio@@f0.00 (0.00-0.05) pg/ml] (p <
0.001). However, in non-diabetic subjects, theeeemno significant differences in
serum IL-B between those with healthy periodontal tissue39[00.06-0.14) pg/ml]
and those with gingivitis [0.09 (0.02-0.20) pg/n@ffaution must however, be used when
interpreting these results given that serum legEls-1p for all subjects were around

the lower limits of detection for the assay usedd[€ 5.2).

When considering serum IFN-the level was significantly higher in diabetic
subjects with gingivitis and periodontitis [1.7410-5.80) pg/ml and 1.09 (0.56-2.50)
pg/ml] compared to the non-diabetic subjects wittgiyitis and periodontitis [0.79
(0.58-2.67) pg/ml and 0.57 (0.26-1.33) pg/ml] (.85). In subjects with T2DM, serum
IFN-y levels were not significantly different in thosé@whealthy periodontal tissues
[1.19 (0.71-1.62) pg/ml], gingivitis [1.74 (0.778R) pg/ml] and periodontitis [1.09
(0.56-2.50) pg/ml]. For non-diabetic subjects, set&N-y was significantly higher in
those with periodontally healthy tissues [1.78 763664) pg/ml] compared to those
with periodontitis [0.57 (0.26-1.33) pg/ml] (p <0Q). However, in non-diabetic
subjects, there were no significant differenceserum IFNy between those with
healthy periodontal tissues [1.78 (0.67-3.64) ppand gingivitis [0.79 (0.58-2.67)

pg/ml]. Likewise, in non-diabetic subjects, therera/no significant differences in
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serum IFNy between those with gingivitis [0.79 (0.58-2.67)mlj and periodontitis
[0.57 (0.26-1.33) pg/ml]. Caution must however Bediwhen interpreting these results
given that serum levels of INffor some subjects are around the lower limits of

detection for the assay used (Table 5.2).
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Table 5.1: Serum cytokine concentrations before p@dontal treatment in
T2DM patients and non-diabetic patients
Diabetic subjects Non-diabetic subjects p-value
(n=99) (n=79)

IL-6 (pg/ml) 0.64 (0.37-1.86) 0.63 (0.39-1.03) NS
TNF-a (pg/ml) 7.45 (5.07-9.23) 5.25 (3.15-7.69) <0.01
IL-1 B (pg/ml) 0.18 (0.01-0.37) 0.04 (0.00-0.10) <0.001
IFN-y (pg/ml) 1.35 (0.66-2.50) 0.78 (0.43-1.88) <0.01

P-values determined using Mann-Whitney U testedmtinuous non-parametric
variables and median (IQR) is presented for thisparametric data.



5 Results 184

Figure 5.1  Pre-treatment serum levels of IL-6, TNFe, IL-1p and IFN-y in
subjects with T2DM and in non-diabetic subjects
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Boxplots of pre-treatment serum levels of IL-6, F&MAL-1p and IFNy in 99 T2DM
and 79 non-diabetic subjects. Statistics: Mann WéytU test * p<0.05, **p<0.01,
***pn<0.001. o outlier more than 3 times the IQR from the boxmtariese outlier
more than 1.5 but less than 3 times the IQR froerbibundaries.



Table 5.2 Pre-treatment serum cytokine data compamg groups based on diabetic status and periodontaliagnosis

Diabetic subjects (n=98) Non-diabetic subjects (n=79) p-value
Healthy Gingivitis Periodontitis Healthy Gingivitis Periodontitis
(n=14) (n=38) (n=46) (n=15) (n=19) (n=45)
IL-6 (pg/ml) 0.50 (0.33-0.81) 1.33 (0.42-2.65)  0.51 (0.34-1.50) 0.69 (0.43-1.11) 0.75 (0.41-1.42)  0.59 (0.32-0.93) NS
TNF-a (pg/ml) 8.02 (6.34-9.24) 7.69 (5.62-9.26)  7.10 (3.25-9.30) 6.28 (4.4-8.81 6.39 (5.21-8.03)  3.44 (2.34-7.24) "'<0.05
IL-1B (pg/ml) 0.28 (0.09-0.46) 0.24 (0.04-0.40)  0.08 (0.00-0.34) 0.09 (0.06-0.14) 0.09 (0.02-0.20)  0.00 (0.00-0.05) "<0.001
$<0.05
IFN-y (pg/ml) 1.19 (0.71-1.62) 1.74 (0.77-5.80)  1.09 (0.56-2.50) 1.78 (0.67-3.64) 0.79 (0.58-2.67) 0.57 (0.26-1.33) '<0.01
<0.05

P-values were determined using Kruskal-Wallis wa#t Mann-Whitney U post hoc tests for continuoosi4parametric variables (all data). Median
(IQR) is presented for this non-parametric data.

* indicates a comparison within row between dialsetitd non-diabetic group with the same periodatiégnosis

# indicates a comparison within rows between pemalty healthy and gingivitis groups within eithginbetes or non-diabetes groups
Tindicates a comparison within rows between peritalty healthy and periodontitis groups within eititliabetes or non-diabetes groups
"indicates a comparison within rows between girigivind periodontitis groups within either diabetesion-diabetes group
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5.2.1.2 Analysis of pre-treatment saliva cytokine levels imT2DM and non-diabetic

patients with or without periodontal disease

Table 5.3 and Figure 5.2 show that before pericadreatment, the levels of
TNF-a, IL-1p and INFy in saliva were significantly higher in non-dialeesubjects
[2.59 (1.40-3.98) pg/ml, 46.00 (22.00-90.43) pgamdl 1.48 (0.64-2.12) pg/ml]
compared to subjects with T2DM [1.38 (0.53-2.70)g26.95 (12.08-59.90) pg/mi
and 0.81 (0.35-1.34) pg/ml] (p < 0.01). Also, thedls of salivary IL-6 were higher in
the non-diabetic subjects [2.18 (0.89-5.72) pghkothpared to the subjects with T2DM
[1.74 (0.72-4.18) pg/ml], although this differengas detected as a trend (p=0.065).
Caution must, however, be used when interpretiegdhesults for salivary levels of IL-
6 and IFNy as some data are around the lower limits of deteédr the assays used

(Table 5.3 and Figure 5.2).

Table 5.4 presents saliva cytokine levels beforegental treatment following
further categorisation of subjects based on thevilodontal diagnosis. When
considering IL-6 levels in saliva, there were mgngficant differences found in any
periodontal category between T2DM and non-diatsilgects. In subjects with T2DM,
levels of IL-6 in saliva were significantly higherthose with periodontitis [2.29 (1.27-
4.83) pg/ml] compared to those with healthy permdbtissues [0.80 (0.25-3.25)
pg/ml] (p < 0.05). In subjects with T2DM, levelslaf6 in saliva showed no significant
differences in those with gingivitis [1.37 (0.6338) pg/ml] compared to healthy
periodontal tissues. Likewise in subjects with T20O&tels of IL-6 in saliva showed no
significant differences those with gingivitis [1.87.65-3.84) pg/ml] compared to those
with periodontitis [2.29 (1.27-4.83) pg/ml]. In naabetic subjects, saliva IL-6 levels
were not significantly different in those with hiégl periodontal tissues [2.13 (1.27-
4.83) pg/ml], gingivitis [1.85 (0.85-4.07) pg/mlhd periodontitis [2.41 (0.95-7.26)

pg/ml]. Caution must be used when interpretingréseilts for salivary levels of IL-6 as
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data for some subjects are around the lower liafittetection for the assay used (Table

5.4).

When considering saliva TNé&-the level was significantly higher in non-
diabetic subjects with gingivitis and periodont[@s30 (1.55-4.08) pg/ml and 2.59
(1.18-3.97) pg/ml] compared to subjects with T2DMi aingivitis and periodontitis
[1.17 (0.52-2.04) pg/ml and 1.58 (0.61-3.08) pg/(plk 0.05). However, no significant
differences were found in levels of TNFHn saliva between non-diabetic subjects with
healthy periodontal tissues [2.79 (1.63-4.54) ppand diabetic subjects with healthy
periodontal tissue [2.26 (0.42-4.29) pg/ml]. In jgats with T2DM, there were no
significant differences in saliva TNé&levels between those with healthy periodontal
tissues [2.26 (0.42-4.29) pg/ml], gingivitis [1.00r52-2.04) pg/ml] and periodontitis
[1.58 (0.61-3.08) pg/ml]. For non-diabetic subjetii®re were no significant
differences in saliva TNlk-levels between those with healthy periodontalgsg2.79
(1.63-4.54) pg/ml], gingivitis [2.30 (1.55-4.08)/pg] and periodontitis [2.59 (1.18-

3.97) pg/ml] (Table 5.2).

When considering ILf1in saliva, the level was significantly higher iom
diabetic subjects with gingivitis and periodont{d8.00 (24.70-93.70) pg/ml and 62.60
(39.20-97.10) pg/ml] compared to subjects with T2BMI gingivitis and periodontitis
[16.70 (7.99-49.60) pg/ml and 38.65 (20.45-68.28] (p < 0.05). However, no
significant differences were found in levels of 1B-between non-diabetic subjects with
healthy periodontal tissues [17.60 (14.20-31.93)ntigand diabetic subjects with
healthy periodontal tissue [14.20 (3.26-43.50) ppy/m subjects with T2DM, levels of
IL-1pB in saliva was significantly higher in those witbrpdontitis [38.65 (20.45-68.28)
pg/ml] compared to those with healthy periodontsues [14.20 (3.26-43.50) pg/ml]
(p< 0.05). Similarly, in subjects with T2DM, leved$ IL-1p in saliva were significantly

higher in those with periodontitis [38.65 (20.45:8 pg/ml] compared to those with
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gingivitis [16.70 (7.99-49.60) pg/ml] (p < 0.05)otever, in subjects with T2DM, no
significant differences in the levels of I3-1n saliva were seen in those with gingivitis
[16.70 (7.99-49.60) pg/ml] compared to healthy pdontal tissues [14.20 (3.26-43.50)
pg/ml]. In non-diabetic subjects, levels of IB-h saliva were significantly higher in
those with periodontitis [62.60 (39.20-97.10) pd/odmpared to those with healthy
periodontal tissues [17.60 (14.20-31.95) pg/mk @.05). Similarly, in non-diabetic
subjects, levels of IL{1in saliva were significantly higher in those wgimgivitis

[43.00 (24.70-93.70) pg/ml] compared to those wiglalthy periodontal tissues [17.60
(14.20-31.95) pg/ml] (p < 0.01). In non-diabetibgects, no significant differences in
the levels of IL-B in saliva were seen in those with gingivitis [4B(@4.70-93.70)
pg/ml] compared to those with periodontitis [62(80.20-97.10) pg/ml] Therefore, for
both T2DM and non-diabetic subjects, IB-tevels in saliva increased as the

periodontal status worsened (Table 5.4).

When considering IFN-in saliva, the levels were significantly highemion-
diabetic subjects with healthy periodontal tissggsgivitis and periodontitis [1.74
(0.46-2.09) pg/ml, 1.07 (0.53-1.65) pg/ml and 1(G86-2.24) pg/ml] compared to
diabetic subjects with healthy periodontal tissggsgivitis and periodontitis
respectively [0.58 (0.17-1.51) pg/ml, 0.64 (0.398).pg/ml and 0.86 (0.47-1.60)
pg/ml] (p < 0.05). In subjects with T2DM, there wero significant differences in saliva
IFN-y levels between those with healthy periodontalitsg0.58 (0.17-1.51) pg/ml],
gingivitis [0.64 (0.34-0.98) pg/ml] and periodoi#if0.86 (0.47-1.60) pg/ml]. For non-
diabetic subjects, there were no significant déferes in saliva IFN-levels between
those with healthy periodontal tissues [1.74 (48) pg/ml], gingivitis [1.07 (0.53-
1.65) pg/ml] and periodontitis [1.55 (0.86-2.24)mf. However, caution must be used
when interpreting the results for salivary leveisFiN-y as data for some subjects are

around the lower limits of detection for the assagd (Table 5.4).
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Table 5.3 Saliva cytokine concentrations before pedontal treatment in
T2DM patients and non-diabetic patients

Diabetic subjects Non-diabetic subjects p-value
(n=101) (n=83)
IL-6 (pg/ml) 1.74 (0.72-4.18) 2.18 (0.89-5.72) 0.065
TNF-a (pg/ml) 1.38 (0.53-2.70) 2.59 (1.40-3.98)  <0.001
IL-1 8 (pg/ml) 26.95 (12.08-59.90) 46.00 (22.00-90.43) <0.01
IFN- (pg/ml) 0.81 (0.35-1.34) 1.48 (0.64-2.12)  <0.001

P-values determined using Mann-Whitney U testedmtinuous non-parametric
variables and median (IQR) is presented for thisparametric data.
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Figure 5.2  Pre-treatment saliva levels of IL-6, TNFe, IL-1p and IFN-y in
subjects with T2DM and in non-diabetic subjects
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Boxplots of pre-treatment saliva levels of IL-6, N, IL-1p and IFNy in 100 T2DM
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Table 5.4 Pre-treatment saliva cytokine data compang groups based on diabetic status and periodontaliagnosis

Diabetic subjects (n=100) Non-diabetic subjects (n=80) p-value
Healthy Gingivitis Periodontitis Healthy Gingivitis Periodontitis
(n=13) (n=39) (n=48) (n=16) (n=19) (n=45)
IL-6 (pg/ml) 0.80 (0.25-3.25) 1.37 (0.65-3.84) 2.29 (1.27-4.83) 2.13 (1.27-4.83) 1.85 (0.85-4.07) 2.41 (0.95-7.26) <0.05
TNF-a (pg/ml) 2.26 (0.42-4.29) 1.17 (0.52-2.04) 1.58 (0.61-3.08) 2.79 (1.63-4.54) 2.30 (1.55-4.08) 2.59 (1.18-3.97) ¥<0.05
IL-1 B (pg/ml) 14.20 (3.26-43.50) 16.70 (7.99-49.60f  38.65 (20.45-68.28) 17.60 (14.20-31.9%) 43.00 (24.70-93.70) 62.60 (39.20-97.10) ""%<0.05
1 #<0.01
IFN-y (pg/ml) 0.58 (0.17-1.5%F) 0.64 (0.34-0.98) 0.86 (0.47-1.60) 1.74 (0.46-2.09) 1.07 (0.53-1.65)  1.55(0.86-2.24)  °<0.05

P-values were determined using Kruskal-Wallis wadt Mann-Whitney U post hoc tests for continuoosi4parametric variables (all data). Median
(IQR) is presented for this non-parametric data.

* indicates a comparison within row between dialsetitd non-diabetic group with the same periodatiégnosis

* indicates a comparison within rows between pemalty healthy and gingivitis groups within eithginbetes or non-diabetes groups
Tindicates a comparison within rows between peritalty healthy and periodontitis groups within eititliabetes or non-diabetes groups
"indicates a comparison within rows between girigivind periodontitis groups within either diabetesion-diabetes group
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5.2.1.3 Analysis of pre-treatment GCF cytokine levels in TDM and non-diabetic

patients with or without periodontal disease

Table 5.5 shows that before periodontal treatmemsignificant differences in
the levels of IL-6, TNFe and IL-13 in GCF were found in subjects with T2DM [1.50
(0.65-3.88) pg/ml, 3.03 (1.66-6.04) pg/ml and 202$0.76-420.09) pg/ml] compared to
non-diabetic subjects [1.74 (0.76-3.08) pg/ml, 3DB6-5.88) pg/ml and 205.25 (83.78-
537.00) pg/ml]. A trend for higher GCF levels oy in the non-diabetic group [2.62
(1.01-5.66) pg/ml] compared to the T2DM group [1(66/1-4.58) pg/ml] was
demonstrated (p=0.08). However, caution must bd wéen interpreting the results for
GCEF levels of IFNy as data were around the lower limits of detectoorthe assay used

(Table 5.5).

Table 5.6 presents GCF cytokine levels before dental treatment following
further categorisation of subjects based on thailopgontal diagnosis. When considering
IL-6 levels in GCF, there were no significant difaces found in any periodontal
category between T2DM and non-diabetic subjectsubjects with T2DM, the levels of
IL-6 in GCF appeared to be higher in those withquintitis [1.97 (0.98-5.17) pg/ml]
compared to those with healthy periodontal tis$0e29 (0.48-2.25) pg/ml]. However,
the Bonferroni-Holm correction of p-values for myplé comparisons placed the critical
p-value at 0.017, therefore, this difference wasded as trend (p=0.037). Furthermore,
apparent differences in GCF IL-6 levels betweerséhwith healthy periodontal tissues
[0.99 (0.48-2.25) pg/ml] and gingivitis [1.44 (0-33%1) pg/ml] and between those with
gingivitis [1.44 (0.53-3.61) pg/ml] and periodoi#if1.97 (0.98-5.17) pg/ml] failed to
reach statistical significance. In non-diabeticjsats, levels of IL-6 in GCF was
significantly higher in those with periodontitis.?5 (1.12-3.37) pg/ml] compared to
those with healthy periodontal tissues [1.00 (RZB) pg/ml] (p < 0.05). Similarly, in

non-diabetic subjects, levels of IL-6 in GCF weigngicantly higher in those with
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periodontitis [2.25 (1.12-3.37) pg/ml] comparedhose with gingivitis [0.90 (0.39-2.12)
pg/ml] (p < 0.05). In non-diabetic subjects, nandligant difference was detected
between those with gingivitis and those with heafibriodontal tissues (Table 5.6 and

Figure 5.3).

When considering TNle-levels in GCF, there were no significant differesc
found in any periodontal category between T2DM aod-diabetic subjects. In subjects
with T2DM, the levels of TNFe in GCF were significantly higher in those with
periodontitis [4.16 (2.7-6.69) pg/ml] comparedioge with gingivitis [2.28 (1.30-3.06)
pg/ml]. However, in subjects with T2DM, the appdréifferences in GCF TNl-levels
between those with healthy periodontal tissue2[{0305-7.20) pg/ml] and periodontitis
[4.16 (2.7-6.69) pg/ml] and between those with giitig [2.28 (1.30-3.06) pg/ml] and
healthy periodontal tissues [1.32 (0.05-7.20) ppfailed to reach statistical
significance. In non-diabetic subjects, levels biFfa. in GCF were significantly higher
in those with periodontitis [4.49 (2.55-7.04) pgfrmmpared to those with healthy
periodontal tissues [1.83 (1.23-2.90) pg/ml] (p.€19. Similarly, in non-diabetic
subjects, levels of IL-6 in GCF were significantigher in those with periodontitis [2.25
(1.12-3.37) pg/ml] compared to those with gings/{®.90 (0.39-2.12) pg/ml] (p < 0.01)

(Table 5.6 and Figure 5.4).

When considering IL{1 levels in GCF, there were no significant differesc
found in any periodontal category between T2DM aod-diabetic subjects. In subjects
with T2DM, the levels of IL- in GCF were significantly higher in those with givitis
[173.41 (77.60-268.19) pg/ml] compared to thosd\wiealthy periodontal tissue [84.95
(40.66-130.61) pg/ml] (p < 0.05). Likewise, in sedtjs with T2DM, the levels of ILfL
in GCF were significantly higher in those with patontitis [344.33 (156.16-572.50)
pg/ml] compared to those with periodontal healibgues [84.95 (40.66-130.61) pg/ml]

(p < 0.001). Furthermore, in subjects with T2DM tavels of IL-B in GCF were
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significantly higher in those with periodontitis48.33 (156.16-572.50) pg/ml] compared
to those with gingivitis [173.41 (77.60-268.19) mdj/ (p < 0.001). In non-diabetic
subjects, the levels of ILBlin GCF were significantly higher in those with gmitis
[116.25 (56.50-176.53) pg/ml] compared to thosén\hiealthy periodontal tissue [54.26
(25.79-100.65) pg/ml] (p< 0.05). Likewise, in nomoktic subjects, the levels of 1131

in GCF were significantly higher in those with petontitis [413.38 (213.84-770.56)
pg/ml] compared to those with periodontal healibgues [54.26 (25.79-100.65) pg/ml]
(p < 0.001). Furthermore, in non-diabetic subjeitis,levels of IL-B in GCF were
significantly higher in those with periodontitis1{d.38 (213.84-770.56) pg/ml] compared
to those with gingivitis [116.25 (56.50-176.53) mdj/ (p < 0.001). Therefore, for both
T2DM and non-diabetic subjects, Il3-1evels in GCF increased as the periodontal status

worsened (Table 5.6 & Figure 5.5).

When considering IFN-in GCF, the levels were significantly higher imno
diabetic subjects with periodontitis [4.40 (2.189). pg/ml] compared to diabetic
subjects with periodontitis [2.51 (1.11-5.24) pd/(pl < 0.05). However, no significant
differences were found in IFiKievels in GCF between T2DM and non-diabetic subjec
for those with healthy periodontal tissues or gitigs. In subjects with T2DM, levels of
IFN-y in GCF appeared higher in those with periodonf&iS1 (1.11-5.24) pg/ml]
compared to those with healthy periodontal tis$0es3 (0.34-5.76) pg/ml]. However,
the Bonferroni-Holm correction of p-values for nipleé comparisons placed the critical
p-value at 0.025, therefore, this difference wasated as trend (p=0.032). In subjects
with T2DM, levels of IFNy in GCF appeared higher in those with periodonj&is1
(1.11-5.24) pg/ml] compared to those with gings/j2.17 (0.65-2.50) pg/ml]. However,
the Bonferroni-Holm correction of p-values for niplé comparisons placed the critical
p-value at 0.017, therefore, this difference wasated as trend (p=0.018). In non-

diabetic subjects, levels of IFNwere significantly higher in those with perioddisti
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[4.40 (2.18-7.09) pg/ml] compared those with heaftariodontal tissues [0.72 (0.58-
2.16) pg/ml] (p < 0.001). Likewise, in non-diabetigbjects, levels of IFN-were
significantly higher in those with periodontitis.4f (2.18-7.09) pg/ml] compared to
those with gingivitis [1.85 (1.01-2.44) pg/ml] (p0<001). However, caution must be
used when interpreting the results for GCF levélsN-y as some data for all groups

were around the lower limits of detection for tlesay used (Table 5.6 and Figure 5.6).

When considering GCF volume, the volume was sigaifily higher in diabetic
subjects with gingivitis [0.44+0.238] compared to non-diabetic subjects with gingaviti
[0.28(x0.15)ul] (p < 0.01). However, no significant differenogere found in GCF
volume between T2DM and non-diabetic subjectstiosé with healthy periodontal
tissues or periodontitis. In subjects with T2DMg BCF volumes were significantly
higher in those with gingivitis [0.44+0.328] compared to those with healthy periodontal
tissue [0.27£0.11l] (p < 0.01). Likewise, in subjects with T2DM, GG@®Blume was
significantly higher in those with periodontitis.$3+0.23ul] compared to those with
healthy periodontal tissues [0.27+0dl1(p < 0.001). However, in subjects with T2DM
the apparent difference in GCF volume between thatbegingivitis [0.44+0.23ul] and
periodontitis [0.53+0.23l] failed to reach statistical significance. In rRdabetic
subjects, the GCF volumes were significantly highghose with periodontitis
[0.53£0.25ul] compared to those with healthy periodontal tesfui21+0.1Qul] (p <
0.01). Likewise, in subjects with T2DM, GCF volunvas significantly higher in those
with periodontitis [0.53£0.2l] compared to those with gingivitis [0.28+0.18 (p <
0.001). However, in non-diabetic subjects, theadédhce in GCF volume between those
with healthy periodontal tissues [0.21+0dlDand gingivitis [0.28+0.1%ul] failed to
reach statistical significance. Overall, for bo®DM and non-diabetic subjects, GCF

volume increased as the periodontal status worJeaide 5.6).
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Table 5.5 Pre-treatment GCF cytokine concentratios and volume in T2DM
patients and non-diabetic patients

Diabetics (n=100) Non-diabetics (n=83) p-value
GCF Vol (ul) 0.43 (0.29-0.58) 0.35 (0.21-0.60) NS
IL-6 (pg/ml) 1.50 (0.65-3.88) 1.74 (0.76-3.08) NS
TNF-a (pg/ml) 3.03 (1.66-6.04) 3.09 (1.66-5.88) NS
IL-1 B (pg/ml) 202.80 (90.76-420.09) 205.25 (83.78-537.00) NS
IFN-y (pg/ml) 1.66 (0.71-4.58) 2.62 (1.01-5.66) NS

P-values determined using Mann-Whitney U testémtinuous non-parametric
variables and median (IQR) is presented for thisparametric data.



Table 5.6 Pre-treatment GCF volume and GCF cytokia data comparing groups based on diabetic status dmperiodontal diagnosis
Diabetic subjects (n=100) Non-diabetic subjects (n=83) p-value
Healthy Gingivitis Periodontitis Healthy Gingivitis Periodontitis
(n=14) (n=38) (n=48) (n=16) (n=19) (n=48)

GCF Vol (ul) 0.27 (x0.11)" 0.44 (+0.23§ 0.53 (+0.23) 0.21 (+0.10} 0.28 (+0.15) 0.53 (+0.25) #3<0.01
1<0.001

IL-6 (pg/ml) 0.99 (0.48-2.25) 1.44 (0.53-3.61) 1.97 (0.98-5.17) 1.00 (0.26-2.69) 0.90 (0.39-2.19) 2.25 (1.12-3.37) 11<0.05
TNF-a (pg/ml) 1.32 (0.05-7.20) 2.28 (1.30-3.06) 4.16 (2.7-6.69) 1.83 (1.23-2.90) 2.23 (1.66-4.30) 4.49 (2.55-7.04) T1<0.01
IL-1 B (pg/ml) 84.95 (40.66- 173.41 (77.60- 344.33 (156.16- 54.26 (25.79-  116.25 (56.50-176.58)  413.38 (213.84- #<0.05
130.615" 268.19) 572.50) 100.65§" 770.56) 11<0.001
IFN-y (pg/ml) 0.53 (0.34-5.76) 2.17 (0.65-2.50) 2.51 (1.11-5.24) 0.72 (0.58-2.16) 1.85 (1.01-2.44) 4.40 (2.18-7.09)  "<0.001
%<0.05

P-values were determined using chi-squared testiarete variables, Kruskal-Wallis test with Mawitney U post hoc tests for continuous non-

parametric variables and one way ANOVA test witstgaoc independent t-test for continuous parame#i@bles (GCF volMean (xSD) is presented
for parametric data and median (IQR) is preserteddn-parametric data.

* indicates a comparison within row between dialsetitd non-diabetic group with the same periodatiégnosis
# indicates a comparison within rows between pemalty healthy and gingivitis groups within eithginbetes or non-diabetes groups
Tindicates a comparison within rows between peritalty healthy and periodontitis groups within eititliabetes or non-diabetes groups
"indicates a comparison within rows between girigivind periodontitis groups within either diabetesion-diabetes group
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Figure 5.3 Pre-treatment GCF levels of IL-6 compiang groups based on
diabetic status and periodontal diagnosis
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Figure 5.4  Pre-treatment GCF levels of TNFe comparing groups based on
diabetic status and periodontal diagnosis
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Figure 5.5  Pre-treatment GCF levels of IL-p comparing groups based on
diabetic status and periodontal diagnosis
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outlier more that 3 times the IQR from the box baanes,e outlier more than 1.5 but
less than 3 times the IQR from the box boundaries.

D/H: T2DM and healthy periodontal tissues

D/G: T2DM and gingivitis

D/P: T2DM and periodontitis

ND/H: Non-diabetic subjects with healthy perioddnissues
ND/G: Non-diabetic subjects with gingivitis

ND/P: Non-diabetic subjects with periodontitis



5 Results 201

Figure 5.6 Pre-treatment GCF levels of IFNy comparing groups based on
diabetic status and periodontal diagnosis
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5.2.2 Exploration of the associations between clinical p@dontal
parameters, cytokine levels and clinical markers ofliabetes

control and inflammation

5.2.2.1 The relationship of HbA1c and hsCRP with clinical griodontal

parameters

Pre-treatment levels of HbAlc and hs-CRP were tny&t®ed for correlations
with mGI, BOP, mean PD, PESA and PISA. Correlatwese first undertaken for all

subjects and then repeated taking diabetes statuagcount (Tables 5.7, 5.8 and 5.9).

When considering all subjects (diabetic and nofelia), a significant negative
correlation was demonstrated between HbAlc levedsRESA (Spearmanis=-0.17,
p<0.05). All other correlations between HbAlc lsvehd mGI, BOP, mean PD and
PISA were non-significant (Table 5.7). In subjeetth T2DM and for non-diabetic
subjects, no significant correlations were fountiMeen levels of HbAlc and mGl,

BOP, mean PD, PESA and PISA (Tables 5.8 and 5.9).

When considering all subjects (diabetic and nometlia), significant positive
correlations were demonstrated between hsCRP landlsnGl (Spearmanjs=0.24,
p<0.05) and mean PD (Spearmam=s0.16, p<0.05). All other correlations between
hsCRP levels and BOP, PESA and PISA were non-ggnif (Table 5.7). When the
data were split according to diabetes status, grafsiant correlations were found
between levels of hsCRP and mGI, BOP, mean PD, PEBAPISA in subjects with
T2DM (Table 5.8). However, in non-diabetic subjesignificant positive correlations
were shown between hsCRP levels and mGl (Spearpa®23, p<0.05), BOP
(Spearman’e= 0.26, p<0.05), mean PD (Spearmgws0.26, p<0.01) and PISA

(Spearman’e= 0.27, p<0.05) (Table 5.9).



5 Results 203

Table 5.7 Correlations between HbAlc and hsCRP lelgeand clinical
periodontal parameters for all subjects

Spearman rank Correlation Co-efficient

Clinical parameters

HbAlc (%) Hs CRP (mg/L)
mGl 0.05 0.24t
BOP (%) 0.04 0.15
Mean PD (mm) -0.05 0.16%
PESA (mm) -0.17% -0.01
PISA (mnf) 0.04 -0.09

Table 5.8 Correlations between HbAlc and hsCRP lelgeand clinical
periodontal parameters for T2DM subjects

Spearman rank Correlation Co-efficient

Clinical parameters

HbAlc (%) Hs CRP (mg/L)
mGl 0.03 -0.07
BOP (%) -0.02 -0.14
Mean PD (mm) -0.21 -0.05
PESA (mm) 0.06 -0.17
PISA (mnf) 0.10 -0.11

Table 5.9 Correlations between HbAlc and hsCRP lelgeand clinical
periodontal parameters for non-diabetic subjects

- Spearman rank Correlation Co-efficient
Clinical parameters

HbAlc (%) Hs CRP (mg/L)
mGl 0.03 0.23%
BOP (%) -0.06 0.26%
Mean PD (mm) -0.07 0.26%
PESA (mm) -0.05 0.17
PISA (mnf) -0.04 0.27%

Tables show Spearman rank correlation coefficientts colour indicates strength of
correlation: small (r=0.10 to 0.29);medium (r=0t8®.49) andli@ige (r=0.50 to 1.00) (Cohen,
1988). *p<0.001, tp<0.01, ¥ p<0.05.
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5.2.2.2 The relationship of HbAl1c and hsCRP levels with cyikine levels in

serum, saliva and GCF
Pre-treatment levels of HbAlc and hs-CRP were tnya&t®ed for correlations
with levels of IL-6, TNFe, IL-1p and IFNy in serum, saliva and GCF. Correlations
were first undertaken for all subjects and thereatgd taking diabetes status into

account (Tables 5.10, 5.11 and 5.12).

When considering all subjects (diabetic and noelia), significant positive
correlations were demonstrated between HbAlc lewsdsserum levels of IL-6
(Spearman’g =0.16, p<0.05), TNF: (Spearman’e =0.18, p<0.05) and IL{l
(Spearman’g =0.21, p<0.01) and all other correlations betwidbAlc levels and
serum cytokines were non-significant (Table 5.1@)subjects with T2DM only, a
significant negative correlation was demonstratetivben HbAlc levels and serum IL-
1B levels (Spearmanis =-0.26,p<0.05) and all other correlations betwideilc
levels and serum cytokines were non-significanb(@®.11). In non-diabetic subjects,
no significant correlations between levels of HbAbd serum levels of IL-6, TN&;

IL-1B and IFNy were found (Table 5.12).

Additionally, in all subjects, significant negagicorrelations were
demonstrated between HbAlc levels and saliva lefeldNF-o (Spearman’ =-0.18,
p<0.05) and IFN¢ (Spearman’g =-0.15, p<0.05) and all other correlations between
HbAlc levels and saliva cytokines were non-sigatfiic(Table 5.10). In subjects with
T2DM only, a significant positive correlation wasrdonstrated between HbAlc levels
and saliva levels of ILf1(Spearman’g =-0.27,p<0.05) and IFN{Spearman’g
=0.20, p<0.01) and all other correlations betwebA Lt levels and saliva cytokines
were non-significant (Table 5.11). In non-diabstibjects, no significant correlations
between levels of HbAlc and saliva levels of ILFBIF-a, IL-18 and IFNy were found

(Table 5.12).
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Furthermore, in all subjects and when the data sglieaccording to diabetes
status, no significant correlations between leeéldbAlc and GCF levels of IL-6,

TNF-a, IL-1p and IFNy were found (Tables 5.10, 5.11 and 5.12).

When considering all subjects, and following categation according to
diabetes status, no significant correlations betweeels of hsCRP and serum or saliva
levels of IL-6, TNFe, IL-1p and IFNy were found (Tables 5.10, 5.11 and 5.12). When
considering cytokine levels in GCF, no significantrelations between levels of hsCRP
and GCF levels of IL-6, TNIe; IL-1p and IFNy were found when all subjects or
subjects with T2DM alone were considered. In nabdtic subjects, a significant
positive correlation was demonstrated between hsier#s and GCF levels of ILB1

(Spearman’g =-0.32, p<0.01) (Tables 5.10, 5.11 and 5.12).



Table 5.10 Correlations between HbAlc and hsCRPVels and cytokine levels in serum, saliva and GCef all subjects

Spearman Rank Correlation Co-efficient

Clinical Parameters Serum cytokines Saliva cytokines GCF cytokines
IL-6 TNF-a  IL-1P IFN-y IL-6 TNF-o  IL-1P IFN-y IL-6 TNF-o  IL-1P IFN-y
HbAlc (%) 0.16f 0.18% 0.21f% 0.15 -0.72  -0.18% -0.10 -0.15% 0.05 0.001 0.00 -0.14
hsCRP (mg/L) 0.10 -0.09 0.04 0.13 0.58 -0.01 0.06 0.07 0.02 0.05 0.15 0.10

Table 5.11 Correlations between HbA1lc and hsCRP\els and cytokine levels in serum, saliva and GCef T2DM subjects

Spearman Rank Correlation Co-efficient

Clinical Parameters Serum cytokines Saliva cytokines GCF cytokines
IL-6 TNF-a  IL-1B IFN-y IL-6 TNF-o  IL-1B IFN-y IL-6 TNF-o  IL-1B IFN-y
HbAlc (%) 0.09 -0.08  -0.26% -0.15 0.14 0.18 0.27t 0.20% 0.16 0.19 0.11 0.06
hsCRP (mg/L) 0.09 -0.15 0.78 0.04 0.07 0.03 0.06 0.10 -0.08 -0.02 -0.01 -0.03

Table 5.12 Correlations between HbAlc and hsCRP\els and cytokine levels in serum, saliva and GCef non-diabetic subjects

Spearman Rank Correlation Co-efficient

Clinical Parameters Serum cytokines Saliva cytokines GCF cytokines
IL-6 TNF-a  IL-1P IFN-y IL-6 TNF-o  IL-1P IFN-y IL-6 TNF-o  IL-1P IFN-y
HbA1c (%) 0.18 0.03 0.10 0.09 -0.06 0.06 0.02 0.13 -0.15 -0.17 -0.03 -0.10
hsCRP (mg/L) 0.15 -0.12 -0.15 0.18 0.06 -0.02 -0.10 0.07 0.16 0.16 0.32t 0.21

Tables show correlation coefficients: small (r=0ta®.29) ‘medilim (r=0.30 to 0.49) dfidligrge (r8adb1.00)(Cohen, 1988)p<0.001, 1p<0.01, f p<05
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5.2.2.3 The relationship of cytokine levels in serum, sala&v and GCF with clinical

periodontal parameters
Pre-treatment levels of inflammatory cytokinesenusn, saliva and GCF were
investigated for correlations with mGIl, BOP, medh PESA and PISA. Correlations
were first undertaken for all subjects (Table 5.43) then repeated taking diabetes
status into account (Tables 5.14 and 5.15). A s@ife&catter plots were used to
graphically present correlations of BOP, mean PEGR and PISA with IL-6, TNFe,

IL-1p and IFNy in serum, saliva and GCF (Figure 5.7 to 5.18)

When considering all subjects, a significant negatiorrelations was
determined between TNé-tevels in serum and mean PD (Spearman’s0.15,
p<0.05) and PESA (Spearmap's -0.18, p<0.05). A significant negative correlatio
was also determined between IBd&vels in serum and mean PD (Spearman’s0.26,
p<0.001), PESA (Spearmarps -0.30, p<0.001) and PISA (Spearmaprs-0.26,
p<0.001) (Table 5.13 and Figure 5.8). When the dat® split according to diabetes
status, similar negative correlations between @ihperiodontal parameters and serum
TNF-a and IL-13 were demonstrated in non-diabetic subjects bueh correlations
were demonstrated in T2DM subjects (Tables 5.145ab%). Caution must however be
used when interpreting these results given thainsdevels of the cytokines measured

are around the lower limits of detection for theagsused.

When considering all subjects, significant positeerelations were determined
between IL-6 levels in saliva and mGI (Spearmar©.35, p<0.001), BOP
(Spearman’e= 0.25, p<0.01), mean PD (Spearmgws0.20, p<0.01) and PESA
(Spearman’e= 0.24, p<0.001) and PISA (Spearmaprs0.27, p<0.001) (Table 5.13
and Figure 5.11). Similarly, significant positivermelations were determined between

IL-1p levels in saliva and mGI (Spearmap=0.35, p<0.001), mean PD (Spearman’s
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p=0.40, p<0.001) and PESA (Spearmg+3.46, p<0.001) and PISA (Spearmaprs
0.45, p<0.001) (Table 5.13 and Figure 5.13). Wiendata were split according to
diabetes status, similar positive correlations leetvclinical periodontal parameters and
saliva IL-6 and IL-B levels were also demonstrated in non-diabeticTé&idM subjects

(Tables 5.14 and 5.15).

When considering all subjects, significant positeerelations were
demonstrated between IL-6 levels in GCF and mGééampan’'s= 0.30, p<0.001),
BOP (Spearman’s= 0.37, p<0.001), mean PD (Spearmag®*d.35, p<0.001) and
PESA (Spearmanis= 0.32, p<0.001) and PISA (Spearmaprs0.39, p<0.001) (Table
5.13 and Figure 5.15). Similarly, significant go& correlations were also
demonstrated between TNHevels in GCF and mGlI (Spearmap=s 0.23, p<0.01),
BOP (Spearman’s= 0.30, p<0.001), mean PD (Spearmag®*.40, p<0.001) and
PESA (Spearmanis= 0.35, p<0.001) and PISA (Spearmaprs0.38, p<0.001) (Table
5.13 and Figure 5.16). Additionally, significantsutove correlations were also between
IL-1pB levels in GCF and mGlI (Spearmaps 0.51, p<0.001), BOP (Spearmaps
0.58, p<0.001), mean PD (Spearmag#s0.66, p<0.001) and PESA (Spearmams
0.59, p<0.001) and PISA (Spearmaprs0.66, p<0.001) (Table 5.10 and Figure 5.17).
Furthermore, significant positive correlations wehewn between IFN-evels in GCF
and mGlI (Spearmanfs= 0.33, p<0.001), BOP (Spearmaps0.31, p<0.001), mean
PD (Spearman’s= 0.46, p<0.001) and PESA (Spearmg®9.42, p<0.001) and PISA
(Spearman’e= 0.47, p<0.001) (Table 5.13 and Figure 5.18). Wthendata were split
according to diabetes status, similar positivealations between clinical periodontal
parameters and GCF IL-6, TNE-L-1p and IFNy levels were also demonstrated in
non-diabetic and T2DM subjects, although the cati@hs were smaller in magnitude

in the T2DM subjects (Tables 5.14 and 5.15).



Table 5.13 Relationships among clinical periodontgparameters and cytokine levels in serum, salivaral GCF for all subjects

Spearman Rank Correlation Co-efficient

Clinical Parameters Serum cytokines Saliva cytokines GCF cytokines
IL-6  TNFo IL-1p IFN-y IL6  TNFo IL-1p  IFN-y IL-6  TNFo IL-1p  IFN-y
mGl 004 -008 -002 -010 035 013 035 0.0 0.30* 023t [PBEF 033

BOP (%) -0.04 -0.09 -0.09 0.05  0.25t -0.07 0.35 0.04 037 030+ @B 0.31*
Mean PD (mm)  -0.08 -0.15f -0.26* -0.13  0.20f -0.05  0.40* 013  0.35* 0.40* D66  0.46*
PESA (mm2) -0.11  -0.18f [0.80* -0.17f 024* 0.07 046* 0.20f 082 035 BFE 042°
PISA (mm?2) -0.03 -0.13 -0.26* -0.10 0.27* 0.01  0.45* 012 0.39* 038 D66 047

Table 5.14 Relationships among periodontal clinidgparameters and cytokine levels in serum, salivarel GCF for T2DM subjects

Spearman Rank Correlation Co-efficient

Clinical Parameters Serum cytokines Saliva cytokines GCF cytokines

IL-6  TNFa IL-1p  IFN«y IL-6 TNF«  IL-1p  IFN-y IL-6  TNFa IL-18  IFN-y

mGl 002 009 017  0.06 0.42* 0.25¢t 0.2t 0.17 0.24f 018 088" 0.24%

BOP (%) 0.17 0.09 -005 0.22% 0.281 -0.29 030+ 010 0.32t 0.19 048 031t

Mean PD (mm) 006 007 -018 0.08 0.24% 001 0.38% 024t 027t 0.28t [@B& 0.5t

PESA (mm2) 000 001 019  0.02 0.26% 0.11  040* 024t 026f 024 049 0271

PISA (mm?2) 0.10 0.06 -0.18 081 0.301 0.04 040* 014 034t 0.5t QBS 0.34t
Table 5.15 Relationships among periodontal biocheistry parameters and cytokine levels in serum, sala and GCF for non-diabetic subjects

Spearman Rank Correlation Co-efficient

Clinical Parameters Serum cytokines Saliva cytokines GCF cytokines
IL-6  TNFo  IL-1B  IFN-y IL-6  TNFo  IL-18  IFN-y IL-6  TNF  IL-1p  IFN-y
mGl -0.00 042 [031t -0.34tf 081f 012 047 010 0234F 029t DPEE 0.47*
BOP (%) -0.18 f048 037f -021 0.26f -0.13 [DIEG* 0.06 0.44* 045¢ B9 0I5
Mean PD (mm) -0.22 041+ 047 031t 0.14 -0.09  0.48* 006 042 (B 0z 060
PESA (mm2) -0.19 086t 041 027t 047 -0.06 050} 0.09 041* 048 DEF 059
PISA (mm?2) -0.19 :0.38t :044* -0.25f 0.25f 0.00 [QOI56* 009 QB¢ OS¢ 072 059

Tables show correlation coefficients: small (r=0ta®.29) medilim (r=0.30 to 0.49) fidligrge (r80d1.00)Cohen, 1988)p<0.001, 1p<0.01, $ p<0.05,
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Figure 5.7  The relationship of serum IL6 with clinical periodontal parameters
in all subjects
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Figure shows Spearman correlation of serum IL-&eantrations with BOP (%), mean
PD (mm), PESA (mm2) and PISA (mpin all subjects T2DM subjects and non-
diabetic subjects (n=182). The addition of a trénd-demonstrates the presence of a
significant correlation.
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Figure 5.8  The relationship of serum TNFe with clinical periodontal
parameters in all subjects
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Figure shows Spearman correlation of serum BNdencentrations with BOP (%),

mean PD (MM), PESA (mm2) and PISA (finn all subjects T2DM subjects and
non-diabetic subjects (n=182). The addition ofeadkline demonstrates the presence of
a significant correlation.
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Figure 5.9  The relationship of serum IL-B with clinical periodontal
parameters in all subjects
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Figure shows Spearman correlation of serumflecdncentrations with BOP (%), mean
PD (mm), PESA (mm2) and PISA (mpin all subjects T2DM subjects and non-
diabetic subjects (n=182). The addition of a trénd-demonstrates the presence of a
significant correlation.
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Figure 5.10 The relationship of serum IFNy with clinical periodontal
parameters in all subjects
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Figure shows Spearman correlation of serum yFdd¢ncentrations with BOP (%), mean
PD (mm), PESA (mm2) and PISA (myin all subjects T2DM subjects and non-
diabetic subjects (n=182). The addition of a trénd-demonstrates the presence of a
significant correlation.
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Figure 5.11 The relationship of saliva IL-6 with cinical periodontal parameters

in all subjects
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Figure shows Spearman correlation of saliva IL-6cemtrations with BOP (%), mean
PD (mm), PESA (mm2) and PISA (mpin all subjects T2DM subjects and non-
diabetic subjects (n=182). The addition of a trénd-demonstrates the presence of a
significant correlation.
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Figure 5.12 The relationship of saliva TNFe with clinical periodontal

parameters in all subjects
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Figure 5.13 The relationship of saliva IL-B with clinical periodontal parameters
in all subjects
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Figure shows Spearman correlation of saliva fLetincentrations with BOP (%), mean
PD (mm), PESA (mm2) and PISA (mpin all subjects T2DM subjects and non-
diabetic subjects (n=182). The addition of a trénd-demonstrates the presence of a
significant correlation.
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Figure 5.14 The relationship of saliva INFy with clinical periodontal parameters

in all subjects
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Figure 5.15 The relationship of GCF IL-6 with clinical periodontal parameters
in all subjects
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Figure shows Spearman correlation of GCF IL-6 catre¢éions with BOP (%), mean
PD (mm), PESA (mm2) and PISA (myin all subjects T2DM subjects and non-
diabetic subjects (n=182). The addition of a trénd-demonstrates the presence of a
significant correlation.
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Figure 5.16 The relationship of GCF TNFe with clinical periodontal parameters
in all subjects
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Figure shows Spearman correlation of GCF TdNéencentrations with BOP (%), mean
PD (mm), PESA (mm2) and PISA (mpin all subjects T2DM subjects and non-
diabetic subjects (n=182). The addition of a trénd-demonstrates the presence of a
significant correlation.
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Figure 5.17 The relationship of GCF IL-18 with clinical periodontal parameters
in all subjects
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Figure shows Spearman correlation of GCF fLebncentrations with BOP (%), mean
PD (mm), PESA (mm2) and PISA (min all subjects T2DM subjects and non-
diabetic subjects (n=182). The addition of a trénd-demonstrates the presence of a
significant correlation.
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Figure 5.18 The relationship of GCF IFNy with clinical periodontal parameters
in all subjects
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Figure shows Spearman correlation of GCF Fdbncentrations with BOP (%), mean
PD (MM), PESA (mm2) and PISA (nfinin all subjects T2DM subjects and non-
diabetic subjects (n=182). The addition of a trénd-demonstrates the presence of a
significant correlation.
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5.2.3 PISA as a predictor of periodontal status

The potential of PISA in predicating gingivitis periodontitis was assessed in
multinomial logistic regression models. Periodostatus (periodontal health, gingivitis
or periodontitis) was assigned as the dependergblar using periodontal health as the
reference category. All tests were conducted orsoreaents taken before periodontal
treatment and groups were not divided accordirgjabetic status. In a multinomial
logistic regression model, PISA was identified ggedicator of the periodontal status
with PISA being a significant predicator of gindisi(p < 0.01) and periodontitip (<

0.01).

5.2.4 Inflammatory cytokine levels in GCF as predictors & PISA

The potential of GCF IL-6, TNIe; IL-1p and IFNy as predictors of PISA was
assessed in linear regression models. PISA wagneskas the dependent variable and
GCF IL-6, TNF+, IL-1p and IFNy were assigned as the independent variables. All
tests were conducted on measurements taken befooelpntal treatment and groups
were not divided according to diabetic statusiriedr regression models, GCF IB-1
and IFN«¥ concentrations were determined as significantipators of PISA ) <
0.001). A trend for GCF TNk-concentration as a predicator of PISA was ngped (

0.089), however, GCF IL-6 concentration was notealjgtor for PISA = 0.125).

5.2.5 Inflammatory cytokine levels in saliva as predictos of PISA

The potential of saliva IL-6 and ILBlas predictors of PISA was assessed in
linear regression models. PISA was assigned asgpendent variable and saliva IL-6
and IL-13 were assigned as the independent variables. ¢t teere conducted on
measurements taken before periodontal treatmenganghs were not divided

according to diabetic status. No significant catiehs had been demonstrated of saliva
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TNF-o and IFNy with PISA, thus the potential of saliva TNFand IFNy as predictors
of PISA was not assessed. In linear regression soskdiva IL-B (p < 0.001) and IL-6

(p < 0.05) concentrations were determined as sigmifipeedicators of PISA.

5.3 Discussion

Cytokine levels in serum

Previous research has demonstrated an associatiwedn higher circulating
levels of inflammatory mediators and the developnoém2DM, with significantly
higher levels of CRP, IL-6 and TNdfound in subjects with T2DM compared to non-
diabetic subjects (Pradhanal., 2001; Sprangeat al., 2003b; Bertonét al., 2010). The
current study supports this, with levels of TMFL-1p and INFy in serum being
significantly higher in subjects with T2DM [7.45.06-9.23) pg/ml, 0.18 (0.01-0.37)
pg/ml and 1.35 (0.66-2.50) pg/ml] compared to n@betic subjects [5.25 (3.15-7.69)
pg/ml, 0.04 (0.00-0.10) pg/ml and 0.78 (0.43-1,88)ml] (p <0.01) (Table 5.1).
Similarly, following further categorisation of tlserum cytokine data based on
periodontal status, serum TNF1L-1p and IFNy levels were significantly higher in
diabetic subjects with periodontitis [7.10 (3.28®. pg/ml, 0.08 (0.00-0.34) pg/ml and
1.09 (0.56-2.50) pg/ml] compared to non-diabetigjescis with periodontitis [3.44
(2.34-7.24) pg/ml, 0.00 (0.00-0.48) pg/ml and 0(®.26-1.33) pg/ml] (p < 0.05).
Again, this corroborates previous research showiggificantly higher circulating
levels of inflammatory mediators, such as CRP, &n@ TNFe in subjects with T2DM
compared to non-diabetic controls (Pradbal., 2001; Sprangeat al., 2003b; Bertoni

etal., 2010).

Currently, data on serum cytokine levels in sulsjeath T2DM and periodontitis

are limited. One study showed no significant défeze in pre-treatment serum TNF-
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levels between subjects with poorly controlled T2[INM.44+5.27 pg/ml], well
controlled T2DM [9.92+3.33 pg/ml] and non-diabetithjects [10.42+4.80 pg/ml] (Dag
et al., 2009). Similarly, another study showed no sigaifit difference in serum TNdt-

or IL-6 levels between subjects with T2DM and naabetic subjects. Unfortunately,
however, detailed evaluation of the data from shigly is precluded due to a lack of
numerical values within the publication, with thélsors presenting serum cytokine
levels in graphs alone (Kardesktral., 2010). Data from the present study, with levels
of TNF-a, IL-1p and INFy in serum being significantly higher in subjectshwi2DM
[7.45 (5.07-9.23) pg/ml, 0.18 (0.01-0.37) pg/ml dn85 (0.66-2.50) pg/ml] compared
to non-diabetic subjects [5.25 (3.15-7.69) pg/n40(0.00-0.10) pg/ml and 0.78 (0.43-
1.88) pg/ml] (p < 0.01), do not support the datarfrthese two previously published
studies. Another previously published study presetdsma levels of IL-6, TNE; IL-

1B and IFNy in subjects with T2DM and periodontitis [2.1+0.&ml, 0.3+0.3 pg/ml,
0.320.3 pg/ml and 2.8+1.3 pg/ml] (O'Connetllal., 2008). However, a lack of a non-
diabetic group prevents a comparison of levelsubijexts with and without T2DM from
being made. Furthermore, the use of plasma (natrggurevents a direct comparison to
data from the current study. Similarly, a furthirdy, also presents plasma levels of IL-
6 and TNFe in subjects with T2DM and periodontitis [3.1 (222) pg/ml and 5.6 (4.3-
7.4) pg/ml], although again a lack of a non-diabgtioup prevents a comparison of
levels in subjects with and without T2DM from beimgde and again the use of plasma
(not serum) prevents a direct comparison to data the current study (Correhal .,
2010). Taken collectively, data from the currentigtalong with previously published
data suggest that subjects with T2DM have higheulating levels of some
inflammatory cytokines. A further study, within tgeneral medical literature,

evaluated hsCRP levels and serum levels ofLH1-6 and TNFe in 89 patients with
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T2DM (periodontal status unknown) finding low leweif IL-18 [0.5 (0.3-0.8) pg/ml]
and IL-6 [7.0 (3.5-12.1) pg/ml] and undetectableels of TNFe in serum (Castoldit

al., 2007).

Published data demonstrated that in non-diabebifests, serum IL-6 levels
were significantly higher in the periodontitis gmoompared to the control group
without periodontitis, although the authors onlggent this difference graphically and
do not report the numerical values (Marcaccinile2®09). In another study, the level
of plasma IL-6 in patients with aggressive periadmn(1.20 pg/ml) was significantly
higher than that in subjects without periodon{ii€8 pg/ml) (Suret al., 2009) .In a
further small study, serum levels of 1I3-Were evaluated, but in many of the subjects
with periodontitis and the majority of subjectshatt periodontitis, no IL{1 was
measureable in serum (Mengehl., 2002). Interestingly, in this current study itwid
appear the reverse is true, with serum TdNEvels, IL-18 and IFNy in non-diabetic
subjects being significantly lower in those withripdontitis [3.44 (2.34-7.24) pg/ml,
0.00 (0.00-0.48) pg/ml and 0.57 (0.26-1.33) pg/leolinpared to those with healthy
periodontal tissues [6.28 (4.4-8.81) pg/ml, 0.0960.14) pg/ml and 1.78 (0.67-3.64)
pg/ml] and no significant difference in serum Illefels in non-diabetic subjects with
periodontitis [0.59 (0.32-0.93) pg/ml] comparechtm-diabetic subjects with healthy
periodontal tissues [0.69 (0.43-1.11) pg/ml]. letmgly, in the current study,
differences in serum cytokine levels between subjetth and without periodontitis
were not seen in subjects with T2DM. For examplesubjects with T2DM, serum IL-
6, TNF- levels, IL-13 and IFNy were not significantly different in subjects with
periodontitis [0.51 (0.34-1.50) pg/ml, 7.10 (3.23@®& pg/ml, 0.08 (0.00-0.34) pg/ml
and 1.09 (0.56-2.50) pg/ml] compared to those Wéhlthy periodontal tissues [0.50

(0.33-0.81) pg/ml, 8.02 (6.34-9.24) pg/ml, 0.28@0.40) pg/ml and 1.19 (0.71-1.62)
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pg/ml]. Published studies, investigating the ciatulg levels of inflammatory cytokines
in subjects with T2DM have not included subjectthait periodontitis (O'Connedt

al., 2008; Dagt al., 2009; Correat al., 2010; Kardeslegt al., 2010), therefore, no
comparison can be made with the data from the sustedy which assessed serum
cytokine levels in diabetic subjects both with avithout periodontitis. Overall it would
however appear that data from the current studgrdbsupport the hypothesis that
subjects with periodontitis have higher levelsystemic inflammation compared to
subjects without periodontitis. The variations sgethe presented serum cytokine
levels and the lack of agreement between the datathe current study and published
research could be due to heterogeneity of methggloDifferences in analytical
techniques, storage of samples and case defimfiperiodontitis may all impact on the
data that are presented. Additionally, the low Ieaé cytokines present in serum which
are around the lower limit of detection for assaged, lead to larger intra- and inter-
study variations. Large variations, coupled witreireample sizes have the potential to
produce a greater number of chance findings. Thezefo clarify the role of circulating
inflammatory cytokines in the relationship betwd&ibM and periodontitis, further,

well designed, studies of adequate power are reduir

Cytokine levels in Saliva

Recently, a small number of studies have inves@yaflammatory cytokine
levels in saliva in subjects with and without pdoatitis (Miller et al., 2006; Gursot
al., 2009; Telet al., 2009; Costa&t al., 2010). One previous study demonstrated
significantly higher levels of IL{1in saliva from subjects with periodontitis
[665.7£267.5 pg/ml] compared to those without pawoiatitis [467.8£279.8 pg/ml]
(Gursoyet al., 2009). Another study also found significantlytmeg levels of IL-B in

saliva from subjects with periodontitis [753.7+102pg/ml] compared to those without
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periodontitis [212.8£167.4 pg/ml] (Millest al., 2006). This increase in ILBllevels in
saliva with the development of periodontitis is gogied by data from the current study,
which show in non-diabetic subjects, levels of Lt saliva were significantly higher
in those with periodontitis [62.60 (39.20-97.10)mf compared to those with healthy
periodontal tissues [17.60 (14.20-31.95) pg/mKkQ@p01) and similarly in subjects with
T2DM, levels of IL-B in saliva were significantly higher in those witariodontitis
[38.65 (20.45-68.28) pg/ml] compared to those wiglalthy periodontal tissues [14.20
(3.26-43.50) pg/ml] (p < 0.05) (Table 5.4). Prexd@iudies have also demonstrated
elevated levels in saliva of IL-6 in subjects wpieriodontitis compared to those without
periodontitis (Costa et al., 2010), although nucsvalues were not published, with
differences presented graphically. A different gthdwever, found no significant
differences in IL-6 and TNIle-levels in saliva in subjects with periodontitisd35.9
pg/ml and 2.9+4.0 pg/ml] compared to control sutgeathout periodontitis [3.1+3.6
pg/ml and 2.7+2.8 pg/ml] (Gursay al., 2009). In the current study subjects with
T2DM and periodontitis have significantly highevéés of IL-6 in saliva [2.29 (1.27-
4.83) pg/ml] compared to those with healthy permdbtissues [0.80 (0.25-3.25)
pg/ml] (p < 0.05), although the pattern was noticaped in non-diabetic subjects, with
no significant differences found in saliva IL-6 s between those with healthy
periodontal tissues [2.13 (1.27-4.83) pg/ml] andquontitis [2.41 (0.95-7.26) pg/ml].
In a further published study, a number of inflamongicytokines in saliva were
quantified using a multiplex bead immunoassay, destrating no significant
differences between periodontitis and periodontiadiglthy groups with regards to
levels of IL-6, TNFe, IL-18 and IFNy (Teles et al., 2009). Unfortunately, however,

detailed evaluation of the data from this studgriscluded due to a lack of numerical
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values within the publication, with the authorsgmmeting saliva cytokine levels in

graphs alone.

Currently, there is very little published reseairorestigating the role of
inflammatory cytokines in saliva in subjects witAROM and periodontitis. One small
study found no significant differences in IL-6 lé&vé saliva when subjects with T2DM
and periodontitis (n=24) were compared to non-dialseibjects with periodontitis
(n=24) (Costa et al., 2010), although again nuraérialues were not presented. This
lack of difference in IL-6 levels in saliva betwesubjects with and without T2DM was
not supported in the current study. Comparing afi-diabetic subjects (n=101) with all
subjects with T2DM (n=83), data from the currenidstshowed the levels of salivary
IL-6 were higher in the non-diabetic subjects [2(A89-5.72) pg/ml] compared to the
subjects with T2DM [1.74 (0.72-4.18) pg/ml], altilgbuthis difference was detected as a
trend (p=0.065) (Table 5.3). Furthermore, in theent study, the levels of TNé&:-IL-
1B and INFy in saliva were significantly higher in non-diatleesubjects [2.59 (1.40-
3.98) pg/ml, 46.00 (22.00-90.43) pg/ml and 1.484€2.12) pg/ml] compared to
subjects with T2DM [1.38 (0.53-2.70) pg/ml, 26.9208-59.90) pg/ml and 0.81 (0.35-
1.34) pg/ml] (Table 5.3). One explanation for thghler levels of salivary cytokine in
non-diabetic subjects compared to subjects withNMZaen in the current study is the
greater severity and extent of periodontitis seemoin-diabetic subjects compare to
subjects with T2DM, indicated by significantly greaPESA and % of sites with PB
6 mm [1372.7 (849.2-1801.0) nirand 0.7(0.0-11.3)%] compared to subjects with
T2DM [1038.9(817.9-1327.6) nfnand 0.0(0.0-0.2)%] (Table 4.12). This clinical
difference between subjects with and without dieb@host probably reflect the
differences in the recruitment pools used for di@lbend non-diabetic subjects in the

current study and although, diabetics and non-diakabjects were matched based on
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their periodontal diagnosis, the extent of periddbdisease was not however

considered in this process.

Following further categorisation of subjects basadheir periodontal
diagnosis, the current study demonstrated that ®NE-1p and IFNy in saliva, were
significantly higher in non-diabetic subjects wglriodontitis [2.59 (1.18-3.97) pg/ml,
62.60 (39.20-97.10) pg/ml and 1.55 (0.86-2.24) plgdampared to subjects with
T2DM and periodontitis [1.58 (0.61-3.08) pg/ml, @8(20.45-68.28) pg/ml and
0.86(0.47-1.60) pg/ml] (p < 0.05) (Table 5.4). Sarly, TNF-o, IL-18 and IFNy in
saliva, were significantly higher in non-diabetibgects with gingivitis [2.30 (1.55-
4.08) pg/ml, 43.00 (24.70-93.70) pg/ml and 1.05361.65) pg/ml] compared to
subjects with T2DM and gingivitis [1.17 (0.52-2.@g9/ml, 16.70 (7.99-49.60) pg/ml
and 0.64 (0.34-0.98) pg/ml] (p < 0.05) (Table 5E9r subjects with periodontitis, a
possible explanation for this is that the non-diibgroup had a significantly greater
PESA and % of sites with PB6mm [1744.9+ and 8.7(2.6-16.7)] and compared to
subjects with T2DM [1444.7+495.1 and 2.7(0.7-7.T}jis indicates that more severe
periodontal disease was present in non-diabetigstgocompared to subjects with
T2DM and most likely reflects the differences ie tlecruitment pools used for diabetic
and non-diabetic subjects in the current studyaalatk of stratified periodontal case
selection based on extent and severity of dise&s® watching T2DM and non-
diabetic subjects (Table 4.13 and Figures 4.1318 )Y However, no such differences in
these clinical PD parameters were demonstrateddaetthe T2DM and non-diabetic
groups with gingivitis (Table 4.13 and Figures 4&.3.14). Additionally, the higher
levels of salivary cytokines seen in non-diabetilojscts with gingivitis compared to
subjects with T2DM with gingivitis do not appearradlect the levels of local

inflammation, as assessed by mGIl and % BOP, wiolwv significantly higher levels
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in T2DM with gingivitis [1.9 (1.3-2.5) and 35.1 (Zb44.9)] compared to non-diabetic
subjects with gingivitis [1.3 (0.8-1.7) and 22.07(3-32.6)] (Table 4.13 and Figures 4.8

and 4.9).

Overall, data from the current study and publistesgtarch suggest that salivary
levels of IL-13 and possibly IL-6 increase with the developmergerodontitis. This
would suggest that select salivary biomarkers reflgcet periodontal status. However,
this pattern is not universally demonstrated atathk of clarity remains regarding the
effect of periodontitis on levels of other inflamtogy cytokines in saliva, with further

studies required to clarify this.

There are numerous possible explanations for thatians seen in the salivary
cytokine levels within currently available dataisltwise to remember that the
periodontium will not be the sole source of inflaatory cytokines found in saliva,
with the salivary glands and oral mucosa possibigrdutors to the levels of cytokines
found in saliva. Heterogeneity of methodology betwstudies is another possible
explanation for variations in cytokine levels, witliferences in analytical techniques,
sampling techniques, storage of samples and cdisétida of periodontitis all
potentially impacting on the data that are preskrmelditionally, some inflammatory
cytokines were present in saliva at low levels \Wwhace around the lower limit of
detection for assays used and thus leading torlarga- and inter- study variations.
This coupled with the small sample sizes, usedenipus studies, have the potential to
produce a greater number of chance findings. Thezefo clarify the role of circulating
inflammatory cytokines in the relationship betwd&bM and periodontitis, further,
well designed, studies of adequate power are redu®ne specific limitation in the
current study is the technique used to sampleaalikis involved an oral rinse using

10ml of saline and this consequently diluted tHeraaample. This dilution has the
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potential to take already low levels of inflammatoytokine nearer to or below the

lower level of detection for the assay used and thareasing the variability in the data.
Additionally, because the actual volume of wholkvaan each sample is not known, it
is not possible to clarify the levels of dilutioacth sample underwent, causing greater

and unpredictable variation in salivary cytokinéada

Cytokine levels in GCF

The current study showed no significant differeniceGCF levels of the IL-6,
TNF-a, IL-1p and IFNy, between T2DM subjects [1.50 (0.65-3.88 pg/mI33N66-
6.04) pg/ml, 202.80 (90.76-420.09) pg/ml and 1®8&1-4.58) pg/ml] and non-diabetic
subjects [1.74 (0.76-3.08 pg/ml, 3.09 (1.66-5.8§), 205.25 (83.78-537.00) pg/ml
and 2.62(1.01-5.66) pg/ml]. Furthermore, followiragegorisation of subjects based on
periodontal status, the apparent higher levels @CF levels of IL-6, TNFx and IL-13
in non-diabetic subjects with periodontitis [2.2512-3.37) pg/ml, 4.49 (2.55-7.04)
pg/ml and 413.38 (213.84-770.56) pg/ml] comparesutgects with T2DM and
periodontitis [1.97 (0.98-5.17) pg/ml, 4.16 (2.5%). pg/ml and 344.33 (156.16-572.50)
pg/ml] did not reach significance. Only, GCF IrNevels were significantly higher in
non-diabetic subjects with periodontitis [4.40 @2.09) pg/ml] compared to T2DM
subjects with periodontitis [2.51 (1.11-5.24) pd/fpl < 0.05). The higher levels, albeit
non-significant, of GCF cytokines in non-diabetubgcts with periodontitis compared
to subjects with T2DM and periodontitis, may wedl & reflection of the more severe
periodontal disease that was present in non-diababjects compared to subjects with
T2DM (Table 4.13). However, the large variation&56F cytokine levels seen in the
present study provide a possible reason for tHedésignificant differences in GCF
cytokine levels between diabetic and non-diabetijexts with periodontitis. An

additional reason for a lack of difference may be tb a higher levels of background
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inflammation present in the periodontium of sulgegith T2DM, as possibly indicated
by the higher, albeit non significant, levels of@L. TNF-, IL-1 and IFNy in GCF in
subjects with T2DM and gingivitis [1.44 (0.53-3.64)/ml, 2.28 (1.30-3.06) pg/ml,
173.41 (77.60) pg/ml and 2.17 (0.65-2.50) pg/mthpared to non-diabetic subjects
with gingivitis [0.90 (0.39-2.12) pg/ml, 2.23 (1:8630) pg/ml, 116.25 (56.50-176.53)

pg/ml and 1.85 (1.01-2.44) pg/ml] (Table 5.6).

To date, there are a limited number of publishtiadiss that investigated GCF
cytokine levels in subjects with T2DM and periodtstcompared to non-diabetic
subjects with periodontitis. One study demonstraigtier levels of GCF IL-6 in
T2DM subjects with periodontitis compared to noakditic subjects with periodontitis
(Kardesler et al., 2011). Unfortunately, howevetailed evaluation of the data from
this study is precluded due to a lack of numenedlies within the publication, with the
authors presenting serum cytokine levels in grabtise. This is not replicated in the
current study, which found no significant differerin GCF levels of IL-6 in subjects
with T2DM and periodontitis [1.97 (0.98-5.17) pg]rabmpared to non-diabetic
subjects with periodontitis [2.25 (1.12-3.37) pd/imiinother published study showed
no differences in pre-treatment GCF IB-levels between T2DM subjects with
periodontitis [140.9 (106.0-177.7) pg/ml] and naaketic subjects with periodontitis
[159.6 (145.71-197.1) pg/ml] (Correa et al., 20@8)pporting data in the current study
which found no significant difference in the pregtment GCF levels of ILBLN
subjects with T2DM and periodontitis [344.33 (156372.50) pg/ml] compared to

non-diabetic subjects with periodontitis [413.38384-770.56) pg/ml].

There are additional studies that have investiged€& cytokine levels in
subjects with well and poorly controlled T2DM; howee a lack of a non-diabetic group

for comparison is a limitation to these studiesgé&bretsoret al., 2007; Santost al.,
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2010). One study showed higher GCF Ik{&vels in subjects with poorly controlled
T2DM [89.0 (61.7-116.3) pg/ml] compared to thoséhwiell controlled T2DM [49.1
(18.3-80) pg/ml] (Engebretsaa al., 2004). Another study demonstrated higher levels
of GCF IFN« in well controlled compared to poorly controlledOM subjects, but no
differences in GCF TNIe-in well controlled compared to poorly controlledDM
subjects (Santoat al., 2010), although numerical values were not publisand the

data were presented graphically. In the currerttysti2DM subjects were not sub-
divided based on level of control thus preventiirgad comparison to these previous

studies (Engebretsat al., 2004; Santost al., 2010).

Heterogeneity of methodology between studies isssiple explanation for the
variations in GCF cytokine levels seen both witthie published literature and also
compared to the current study. Differences in dralytechniques, GCF sampling
techniques, methods for elution of GCF cytokinesfiPeriopapers, storage of samples
and case definition of periodontitis could all pdtally impact on the data that is
presented. Specifically, when considering the metsed for eluting the cytokines in
GCF from the Periopapers, a wide variety of prol®ane used within studies. In one
study, for example, 5 or 6 GCF Periopaper sampte wooled into 1 tube containing
1ml of PBS, followed by 40 minutes of standing déimeh centrifugation at 3000 g for
10 minutes before storing within a freezer at’&7(Correaet al., 2008). Another study
placed each GCF Periopaper sample into a tubeinorg®50 pl of PBS containing
protease inhibitor, followed by ‘vortexing’ for 3&conds and then centrifugation for 5
minutes before storing within a freezer at’Q@Santost al., 2010). By comparison, a
different study placed each GCF Periopaper sampdes00 pl of PBS followed by
shaking for 45 minutes before storing within a feeat40°C (Kardeslegt al., 2011).

As demonstrated in the verification studies conedietithin the current study (Table
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3.2), both the methodology for elution and the wods of solution into which the GCF
cytokines are eluted has an impact on the recoiligyadf cytokines from Periopapers
(Table 3.2). Consequently, a lack of consistendhiwithe literature for the elution of
GCF cytokines from Periopapers will increase irstiidy variations in GCF cytokine
levels and thus prevent clear conclusions regairtiagole of GCF cytokines in

subjects with T2DM and periodontitis from being read

Currently, there are no published data comparing @gZokine levels in T2DM
subjects with and without periodontitis. Howeveag\pously research has investigated
GCEF levels of key inflammatory mediators in perintitis in systemically healthy
subjects, showing increased levels of [kt GCF from subjects with periodontitis
(Preiss and Meyle, 1994; Figueredt@l., 1999; Engebretsost al., 2002; Zhongt al .,
2007) and elevated IL-6 levels in GCF from disdasities compared with control
samples (Mogget al., 1999; Linet al., 2005). Data from another study, in subjects
without systemic conditions such as T2DM, demonetighat subjects with
periodontitis had significantly higher levels of 6@.-1p compared to periodontally
healthy subjects (Teles al., 2010). Furthermore, data from a further smaligtusing
a site based analysis of multiple cytokines, dermatex that only IL-f and IL-1o.
differed when healthy and diseased sites were coedpwith higher levels for both
mediators in diseased sites (Thurehll., 2010). The current study supports previous
data, with elevated levels of pro-inflammatory éytes in GCF in subjects with
periodontitis compared to subjects with healthyquntal tissues. For example, in
non-diabetic subjects, levels of IL-6, TNE-L-1p and IFNy in GCF were
significantly higher in those with periodontitis.25 (1.12-3.37) pg/ml, 4.49 (2.55-7.04)
pg/ml, 413.38 (213.84-770.56) pg/ml and 4.40 (Z1#) pg/ml] compared to those

with healthy periodontal tissues [1.00 (0.26-2.6ml, 1.83 (1.23-2.90) pg/ml, 54.26
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(25.79-100.65) pg/ml and 0.72 (0.58-2.16) pg/mm]suibjects with T2DM, the pattern is
still present but less clear, with significantlgher levels of IL-B in GCF being
significantly higher in those with periodontitis4®.33 (156.16-572.50) pg/ml]
compared to those with healthy periodontal tis84e95 (40.66-130.61) pg/ml]. In
subjects with T2DM, the higher levels of IL-6, TNFand IFNy in GCF in those with
periodontitis [1.97 (0.98-5.17) pg/ml, 4.16 (2.5%). pg/ml and 2.51 (1.11-5.24) pg/ml]
compared to those with healthy periodontal tis$0e29 (0.48-2.25) pg/ml, 1.32 (0.05-
7.20) pg/ml] and 0.53 (0.34-5.76) pg/ml] were detd@s trends (Table 5.6 and Figures

5.3 t0 5.6).

Furthermore, data from the current study demoresrdtat GCF IL-R is a
promising indicator of periodontal disease, refteghot only difference between
subjects with healthy periodontal tissues and plenditis, but also differences between
subjects with healthy periodontal tissues and gitigiand likewise between subjects
with gingivitis and periodontitis. This corroboratdata from previous studies which
demonstrates elevated GCF IB-4nd IL-6 from diseased periodontal sites comp#red
healthy sites (Moggt al., 1999; Linet al., 2005; Thunelkt al., 2010). However, these
studies evaluating GCF cytokine levels in periodmtall presented data in a site
specific manner. Interestingly, one additional gtadows clinically healthy sites from
subjects with periodontitis had higher levels oflit than clinically healthy sites from
periodontally healthy subjects (Teles et al., 20hi@hlighting that the case definition
on a subject levels may affect local site spedciitokine levels. To date, there remains
a lack of published data of GCF cytokine levelsdobjects with or without

periodontitis.
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Relationship between HbAlc, hsCRP levels and pedontal parameters

In one previously published study, a dose-respoglationship was shown
between PISA and HbA1c in subjects with T2DM, iradicg that PISA was a predictor
significantly associated with HbAlc levels (Nestal., 2009). However, a number of
other studies, collecting full mouth periodontaladen subjects with T2DM and
periodontitis and undertaking correlation testd, bt report significant correlations
between HbAlc levels and clinical periodontal pagters (Engebretsaat al., 2007;
Daget al., 2009; Costa&t al., 2010; Santost al., 2010). In line with this, the current
study found no significant correlations between HbAand mGl, %BOP, mean PD and
PISA. A significant negative correlation was dentaated between HbAlc and PESA
(Spearman’$=-0.17, p<0.05). However, given that the correlaticas small and is not
supported by other correlations, it is likely tihas simply a chance finding. One
potential explanation of the lack of correlatiomal within the current study and
previous studies is that, in addition to the infltaatory burden from periodontal
disease, many conditions potentially impact on &gyuic control, including obesity and
duration of diabetes. Therefore, variations in HbAldnrelated to the periodontal
condition, prevent the correlation tests in thedatively small studies from detecting
possible associations between worsening glycaeomt@ and increased periodontal
severity that have been previously demonstrategidemiological studies (Taylor,

2001).

Given that CRP has been shown to be elevatedojeas with T2DM (Bertoni
et al., 2010) and in subjects with periodontitiar@kevas et al., 2008) and considering
the importance of inflammation in the proposed na@itm linking T2DM and
periodontitis, it is surprising that data evalugthsCRP in patients with T2DM and

periodontitis are currently very limited (Corretaal., 2010; Kardeslegt al., 2010) .
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Therefore, in subjects with T2DM, correlations bedéw hsCRP levels and clinical
periodontal parameters have yet to be exploredmitte published literature. In a
recent study of systemically healthy patients vatidl without periodontitis, a
significant positive correlation was demonstratetileen log serum IL-6 levels and
mean PD (r=0.39, p=0.000) and mean LOA (r=0.42,@3@ (Suret al., 2009). In the
current study, significant positive correlationsreasgdemonstrated between hsCRP, mGI
(Spearman’ =0.24, p<0.05) and mean PD (Spearman$.16, p<0.05), when all
subjects were considered (Table 5.7). Interestjnghen the data was split according to
diabetes status, no significant correlations betwesCRP and the clinical periodontal
parameters were found in subjects with T2DM (T&bh&), whereas, in non-diabetic
subjects, significant positive correlations werevgh between hsCRP and mGil
(Spearman’e= 0.23, p<0.05), BOP (Spearmap's 0.26, p<0.05), mean PD
(Spearman’e= 0.26, p<0.01) and PISA (Spearmaprs0.27, p<0.05) (Tables 5.9).
Overall, these data would suggest that increasugrgty and extent of periodontitis are
associated with increasing levels of systemic Ewglinflammation, as indicated by
hsCRP. One possible explanation for this is thahasnflammatory burden from the
periodontium increases, so do systemic levelsf@rimmation. This is supported by
previous estimates that the cumulative size gbeiodontal lesions in patients with
untreated severe periodontitis may amount to 2qtwps, 2005). A potential
explanation for the lack of significant correlatsoim T2DM subjects is that perhaps the
systemic condition of T2DM subjects, such as olgesdncurrent CVD or the routine
use of statin medication, may mask the relationbeigveen the periodontal condition
and hs-CRP levels in subjects with T2DM. It musbabe remembered that although
the correlations demonstrated between hsCRP amdatlperiodontal parameters were

significant, they were small in magnitude.
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Relationship between HbAlc, hsCRP and inflammatorgytokines

Currently, there are limited published data expigiihe relationship between
HbAlc and levels of inflammatory cytokines in G@Fsubjects with T2DM. In one
study evaluating GCF levels of TNE4ANF-y, IL-4, IL-17 and IL-23 in subjects with
T2DM, a significant positive correlation was demtated between GCF TNé-1L-4
and IL-17 levels and HbAlc (r=0.25; p<0.05, r=0.440.001 and r=0.50; p<0.001
respectively) and significant negative correlatibesveen GCF levels of IFiNand
HbAlc (r=-0.06; p<0.001) (Santesal., 2010). In a further study of subjects with
T2DM and periodontitis, HbA1c was significantly oelated with GCF IL-f levels
(r=0.371, p=0.01) (Engebretson et al., 2004). Furttore, this study identified HbAlc
as an independent predictor of high GCF fLahd demonstrated that patients with
HbAlc > 8% had significantly higher mean GCF Ig{&vels than patients with HbAlc
< 8% (Engebretson et al., 2004). In the currerdystaimilar correlations between
levels of inflammatory cytokines in GCF and HbAgweels were not replicated, such
that no significant correlations between levelslbA1c and GCF levels of IL-6, TNF-
a, IL-1p and IFNy were found, either when all subjects were considler when
subjects were split based on diabetes status (babl&.8 and 5.9). However, the
significant correlations demonstrated in previcesearch between HbAlc and GCF
cytokines are small in magnitude (Engebretstand., 2004; Santost al., 2010) and so
it is not necessarily surprising that data fromc¢heent study failed to corroborate
these findings. Other studies evaluating both G@ékine levels and HbAlc do not
present correlation data and this could eitheratweelations not being undertaken or,
due to publication bias, non-significant correlasavere not reported within the

publications (Correat al., 2008; Kardeslegt al., 2011).
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Currently, there is one published study explorimg itelationship between
HbAlc and levels of inflammatory cytokines in salin subjects with T2DM,
demonstrating a positive correlation between sgafilla6 levels and HbAlc levels in
subjects with T2DM (r=0.60; p<0.01) (Costa et 2010). This suggests that increasing
levels of salivary IL-6 are associated with poaygcaemic control, as indicated by
increasing HbAlc levels. This was not, however paufed by data from the current
study, which failed to demonstrate a correlatiotwieen levels of IL-6 in saliva and
HbALlc. In fact, significant negative correlatiorstlween HbAlc levels and saliva
levels of TNFe (r=-0.18, p<0.05) and IFN<{r=-0.15, p<0.05) were demonstrated in
the present study in all subjects. The currentystlid, however, demonstrate a
significant positive correlation between HbAlc llsvand saliva levels of ILflin
subjects with T2DM (r=0.27, p<0.05) and IKN¥=0.20, p<0.010). The inconsistency
between previous research and the current study beudue to the variation in HbAlc
levels and levels of cytokines in saliva couplethwine relatively small sample size

used, both of which would increase the likelihoddtance findings.

Within the current literature, there is one puteid study exploring the
correlations between circulating cytokine leveld &tbAlc levels in subjects with
T2DM and periodontitis, demonstrating there wasigaificant positive correlation
found between plasma TNFlevels and HbAlc (r=0.10, p=0.50) (Engebretsioal .,
2007). Within the general medical literature howeaeprevious study evaluating the
relationship between circulating levels of IL-6 a@dldAlc demonstrated that a
significant positive correlation was demonstratetideen serum II-6 levels and HbAlc
levels 3=0.58, p=0.04) (Kadet al., 1999). This is supported by data from the current

study that demonstrates significant positive catrehs between HbAlc and serum
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levels of IL-6 (Spearman’s =0.16, p<0.05), TNkt (Spearman’g =0.18, p<0.05) and

IL-1B (Spearman’g =0.21, p<0.01) when all subjects are considered.

In subjects with T2DM and periodontitis, the redaship between hsCRP levels
and inflammatory cytokines has yet to be explorégtiwthe published literature. In a
recent study, of systemically healthy patients aitldl without periodontitis, no
significant correlations were demonstrated betwasom IL-6 and hsCRP in patients
with and without periodontitis (Marcaccidi al., 2009), which is surprising given that
circulating IL-6 is reported as a major regulatbC&®P production (Yudkirt al.,
2000). A further study, within the general medidarature, evaluated correlations
between hsCRP levels and serum levels ofdLHl-6 and TNFe and reported no
significant correlations between hsCRP and serweideof IL-13, IL-6 and TNFe
(Castoldiet al., 2007). This is supported in the current study sh@ws no significant
correlations between levels of hsCRP and serunidefdlL-6, TNF, IL-1 and IFN-
y. Overall, in the current study, therefore, systearilocal level inflammatory
cytokines do not appear related to either HbAlméaker of glycaemic control) or

hsCRP (a biomarker of systemic inflammation).

Correlations between periodontal parameters and cgkine levels in saliva & GCF

Previous published research has begun to exgiereetationship between
clinical periodontal parameters and levels of imilaatory cytokines in GCF in subjects
with T2DM. One study demonstrates that levels oFGIG1p were associated with
increasing CAL in subjects with T2DM (Engebretsoale 2007). In another study,
levels of IL-13 in GCF showed significant correlations between €Bl. and BOP in
subjects with T2DM (Engebretson et al., 2004). Hosveone further study in subjects
with T2DM failed to show a significant correlatibetween levels of TNk INF-y, IL-

4, IL-17 and IL-23 in GCF and mean PD or mean LQZantost al., 2010). Recently,
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an additional study, evaluating GCF levels of kit systemically healthy subjects
with and without periodontitis, demonstrated siguiht positive correlations between
levels of IL-18 in GCF and mean PD (r=0.75, p<0.001), % BOP (50p%0.001)
(Teleset al., 2010). The previously demonstrated correlaticatsvben GCF levels of
inflammatory cytokines and clinical periodontal graeters are corroborated in the
current study, which found that significant postisorrelations were consistently
demonstrated between mGI, BOP, mean PD, PESA &W &id GCF levels of IL-6
(Table 5.13 and Figure 5.13), TNHH-Table 5.13 and Figure 5.16), II3-1Table 5.10
and Figure 5.17) and IFN{Table 5.13 and Figure 5.18). This suggests th#ta
clinical periodontal measurements increase, thelse.-6, TNF+«, IL13 and IFNy in

GCF also increase.

One study evaluating levels of I31n saliva in subjects with and without
periodontitis demonstrated significant positiveretations between levels of IBin
saliva and BOP (r=0.41, p=0.001), the % of siteth WiD>4mm (r=0.53, p=0.0001)
and the % of sites with PEbmm (r=0.53, p=0.0001) (Millezt al., 2006). This was
supported in another study that reported significanrelations with salivary ILf1
levels and clinical periodontal measurements, alghaa failure to report the correlation
coefficients limits interpretation. (Tobon-Arroyageal., 2008). Furthermore, logistic
regression analysis showed that salivary flwis associated in a dose-response
manner with advanced periodontitis (Gursbgl., 2009). A further study however,
used correlations to explore associations betweerevels of salivary cytokines and
clinical periodontal parameters in subjects witd anthout periodontitis, but failed to
demonstrate a significant correlation between aaivL-13 and BOP, mean PD or
mean LOA (Telegt al., 2009). In the current study, significant positoggrelations

were determined between mGl, %BOP, PESA and PISAevels in saliva of IL-6
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(Table 5.13 and Figure 5.11) and IB-Table 5.13 and Figure 5.13). This suggests that
as the clinical periodontal measurements increbsdgevels IL-6 and ILf in saliva

also increase.

Overall, it would appear that increases in theeggvand extent of periodontitis
are associated with increasing levels of [I,-d-TNF- and IL-6 in GCF (Table 5.13),
supporting the recognised key role of these prianifatory cytokines within the
pathogenesis of periodontitis (Kinaeteal., 2011; Preshaw and Taylor, 2011).
Furthermore, this situation is mirrored in saliwath increasing levels of IL{1and IL-
6 being associated with increasing severity andréxdf periodontitis (Table 5.13),
suggest that cytokines produced within the peritaldissues are also present in saliva.
On the whole, the correlations were smaller in nitage for T2DM subjects compared
to non-diabetic subjects (Tables 5.14 and 5.1%)as highlighting that within this
current study, non-diabetic subjects with period@nhad a greater extent of disease

compared to T2DM subjects with periodontitis.

Correlations between periodontal parameters and cgkine levels in serum

A previous study, evaluating levels of TNFHFN-y (along with other
cytokines) in subjects with T2DM and non-diabetibjects, demonstrated a significant
positive correlation between TNktevels in serum and PD (r=0.55, p=0.033) and Gl
(r=0.70, p=0.003) (Dagt al., 2009). However, in a further study of subjecttwi
T2DM, the picture is less clear, with log transfehdata for TNFe levels in plasma
demonstrating a positive correlation with CAL (r40, p=0.009) but not mean PD
(r=0.28, p=0.07) or BOP (r=0.30, p=0.053) (Engedwett al., 2007). In a different
study of 84 patients with periodontitis and 65 @ats without periodontitis, significant
positive correlations were demonstrated betweenrogsformed data for serum IL-6

levels and mean PD (r=0.39, p=0.000) and mean L©G&.42, p=0.000) (Sud al.,
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2009). In a further study of 25 patients with pddotitis and 20 patients without
periodontitis, a significant positive correlatiomsvsee between serum IL-6 and mean
PD (r=0.31, p<0.025) (Marcaccidi al., 2009). However, this was not supported by
data from the current study, which failed to denti@ats significant correlations
between IL-6 levels in serum and clinical perio@bmpiarameters, and found significant
negative correlations between serum levels of TINE-1p and clinical periodontal
parameters when all subjects are considereddlffisult to provide an explanation as
to why the increases in the severity and extepeoibdontitis appeared to be associated
with decreasing circulating levels of TNE4L-1p. However, given that it is not a
consistent finding, it could potentially be a charfiading. To clarify the relationship
between circulating inflammatory cytokines and péointitis in subjects with T2DM,

further studies of adequate power are required.

Inflammatory cytokines in GCF and saliva as predicors of periodontal status

Currently, large variations exist within the Iature regarding the definition and
classification of periodontal disease within resbgPreshaw, 2009). Current
classifications of periodontitis fail to quantitye amount of inflamed periodontal tissue
which is required to accurately describe the infiaatory burden posed by
periodontitis. PISA has recently been developedetrribe the quantity of inflamed
periodontal tissue (Nesse et al., 2008). PISA,utaled using LOA, recession and BOP,
is reported to reflect the surface area of bleegimgket epithelium (mA). Whilst
theoretically PISA appears to be offer a bettethoetof classifying periodontitis, there
remains a need to assess the validity of PISA sorenit correlates with conventional
measures of periodontal disease. This was confiim#éte current study, in which a
multinomial logistic regression model identifiedSA as a predictor of periodontal

status, with PISA being a significant predictoigofgivitis and periodontitis.
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The identification of biomarkers that would effgety identify subjects with
periodontitis would facilitate better patient maaagent. In the current study, linear
regression models demonstrated GCF plahd GCF IFNy levels were significant
predictors of PISA and a trend for GCF ThNRevels as a predictor of PISA was noted.
Likewise, salivary IL-6 and IL-A levels were determined as significant predictdrs o
PISA. Therefore, these findings confirm that insexhlevels of these local
inflammatory cytokines predict higher PISA and madeanced disease, and
conversely lower levels of these cytokines preldiater PISA and less advanced

disease.

Interestingly, in a recent study, a dose-respoealksgionship was identified
between PISA and HbAlc in T2DM subjects, with nplétilinear regression analyses
demonstrating PISA was a predictor significantlyaasated with HbAl1c (Nesse et al.,
2009). In contrast, the current study found noeation between PISA and HbAlc for
T2DM subjects (Table 5.7) and thus a regressiotysisavas not performed.
Interestingly, the median (IQR) for PISA in the fisbed study was 151 (39-307) rim
in comparison to 417 (195-733) rior T2DM subjects in the current study, indicating

a greater severity of periodontal disease in tmeeati study.

Summary of key findings from chapter 5

* Serum levels of TNFe IL-1p and IFNy were significantly higher in subjects with
T2DM compared to non-diabetic subjects. Furthermseeum levels of TNfes IL-
1B and IFNy were significantly higher in T2DM subjects withrpelontitis

compared to non-diabetic subjects with periodaatiti

* In non-diabetic subjects, serum THFH-1p and IFNy were significantly higher

in those with healthy periodontal tissues compaoeslibjects with periodontitis.
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In both diabetic and non-diabetic subjects, .1 saliva was significantly higher
in subjects with periodontitis compared to thosthwiealthy periodontal tissues.
Also, in subjects with T2DM, IL-6 in saliva was sificantly higher in subjects

with periodontitis compared to those with healtleyipdontal tissues.

TNF-a, IL-1p and IFNy in saliva was significantly higher in non-diabetigbjects
compared to subjects with T2DM. Furthermore, comgdo subjects with T2DM
and periodontitis, non-diabetic subjects with paoiatitis had significantly higher

levels of TNFe, IL-1p and IFNy in saliva.

No significant differences in GCF IL-6, TN&-IL-1p and IFNy were found

between subjects with T2DM and non-diabetic subject

Non-diabetic subjects with periodontitis had app#yehigher levels of GCF IL-6,
TNF-o and IL-13 compared to T2DM subjects with periodontitis, altgh the

differences failed to reach statistical significanc

T2DM subjects with gingivitis had apparently higherels of GCF IL-6, IL-B and
IFN-y compared to non-diabetic subjects with gingiviishough the differences

failed to achieve statistical significance.

In both diabetic and non-diabetic subjects, f.ii GCF was significantly higher in

subjects with periodontitis compared to those \wethlthy periodontal tissues.

Levels of IL-6, TNFe. and IFNy in GCF were significantly higher in non-diabetic
subjects with periodontitis compared to non-diatsetvith healthy periodontal
tissues. Similarly, in subjects with T2DM the sadiféerences in GCF levels of IL-

6, TNF-a and IFNy were detected as trends.

When all subjects were considered, significanttpascorrelations were found

between hsCRP and mGI and mean PD. Furthermonenidiabetic subjects,
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significant positive correlations were found betwésCRP and mGl, % BOP,
mean PD and PISA. However, no significant correfegiwere demonstrated

between hsCRP and serum levels of IL-6, f,-INF-a. and IFNy.

Significant positive correlations were consistemymonstrated between mGl,
mean PD, PESA and PISA and GCF levels of IL-6, Td\#rd IL-13. Furthermore,
GCEF levels of IL-B and IFNy were significant predictors of PISA and a trend fo

GCF TNF« levels as a predictor of PISA was noted.

Significant positive correlations were found betweeGl, %BOP, PESA and PISA
and saliva levels of IL-6 and ILB1 Furthermore, salivary levels of IL-6 and 1|31

were significant predictors of PISA.
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Chapter 6 Response to non-surgical management in
subjects with T2DM and the impact on
markers of diabetes control and local and

systemic cytokine levels

6.1 Introduction

The role of inflammatory cytokines in the pathoggs of periodontal disease
is well recognised (Preshaw and Taylor, 2011). Wwike, inflammatory cytokines are
key players in the relationship between inflamnmraaod T2DM. Cytokines, such as
TNF-a, IL-1p and IL-6, contribute to the development of T2DNMbilgh obesity,
insulin resistance arttcell dysfunction (Donatkt al., 2003; Pickup, 2004; Wellen

and Hotamisligil, 2005).

In recent years, a number of controlled interverdlstudies have confirmed
positive clinical periodontal treatment outcomesof@ing NSM in patients with
T2DM (Stewartet al., 2001; Kiranet al., 2005; Promsudttet al., 2005; Jonest al.,
2007; Correat al., 2008; O'Conneltt al., 2008; Daggt al., 2009; Kardeslegt al.,
2010; Kardesleet al., 2011). Overall, clinical treatment outcomes assésn these
studies include reduction in probing depths, gaiclinical attachment and reduction
in bleeding on probing (Cobb, 2002). More recertbymposite assessments have also
been used to evaluate the periodontal conditigratiénts, incorporating within a
numerical score, both periodontal epithelial stefacea and BOP (Nesse et al., 2008)
and thus providing an evaluation of the inflammegtaurden produced from the

periodontium.

In addition to the observational evidence highlightthe relationship between

periodontal disease and T2DM, increasing numbenstefventional studies have been
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conducted to explore the effects of periodonta¢alse on glycaemic control in patients
with diabetes. However, consideration of intervemtstudies both controlled (Stewart
et al., 2001; Kiranet al., 2005; Promsudstlet al., 2005; Jonest al., 2007; O'Connell

et al., 2008) and non-controlled (Grossial., 1997; lwamotaet al., 2001)
demonstrated inconsistent results regarding theatngf periodontal management on
HbAlc. Furthermore, 2 meta-analyses have also teatucted in an attempt to
clarify whether periodontal treatment has an eftecglycaemic control (Janketal.,
2005; Darreet al., 2008). However, the situation remains uncleath wine previous
meta-analysis producing a significant reductiorlbAlc (Darre et al., 2008) whilst
another gave a non-significant reduction in HbAlanket et al., 2005). In the most
recent meta-analysis, when compared against niorteed or usual treatment, NSM
gave a statistically significant 0.40% HbA1c redoict(p=0.04) (Simpsost al.,

2010).

Research demonstrates an association between saised lipids and
periodontitis (Cutleet al., 1999b; Loschet al., 2000; Noaclet al., 2000; Fentoglet
al., 2009; Fentoglet al., 2010). Given that hyperlipidemia has been desdrés one
of the factors associated with diabetes-inducedumercell alterations (lacopino and
Cutler, 2000), it is surprising that only a fewdies have investigated the effect of
improved periodontal health on serum lipid profilesubjects with T2DM (Christgau

et al., 1998; Kiranet al., 2005; Kardesleet al., 2010) .

It is increasingly recognised that inflammationygla role in the development
of T2DM. CRP production is part of the non-spec#te-phase response to
inflammation, infection and tissue damage (PepysHinschfield, 2003). A recent
systematic review concluded that there was stremgace from cross-sectional
studies that plasma CRP was elevated in periodoaffected subjects compared with

controls (Paraskevas et al., 2008). Furthermouejest have begun to describe the
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effect of reducing periodontal inflammation on C&#I circulating inflammatory
cytokine levels (Idet al., 2003; D'Aiutoet al., 2004; Marcaccingt al., 2009). In
subjects with T2DM, CRP has been proposed as @wastular risk marker (Pfutzner
and Forst, 2006) as well as a useful marker iniptied the risk of developing T2DM
(Freemaret al., 2002; Duncaret al., 2003). Despite the importance of inflammation in
both T2DM and periodontitis, few studies have inigeded the effect of improved
periodontal health on CRP levels in subjects wi2ZibM (Christgauet al., 1998;

Correaet al., 2010; Kardeslegt al., 2010).

Recently, studies have begun to investigate theeabinflammatory cytokines
in patients with T2DM and periodontal disease (€nd al., 1999a; Engebretsa
al., 2007; Correat al., 2008; Daget al., 2009; Correa&t al., 2010; Kardesleet al.,
2010; Santost al., 2010) and more specifically the impact of perioib management
on cytokine levels in patients with T2DM and penatltis (Correaet al., 2008; Daget
al., 2009; Correat al., 2010; Kardesleet al., 2010; Santost al., 2010; Kardesl|eet
al., 2011). Although such studies have begun to etteithe role of inflammatory
cytokines within patients with T2DM and periodoistidifferences in sampling and
analytical techniques, inconsistencies in the seleof cytokines investigated, small
sample sizes and lack of non-diabetic control gsazprently prevents clear

conclusions from being made.

6.2 Results

6.2.1 Changes in BMI, blood pressure and medical historjollowing

non-surgical periodontal management (NSM)
Table 6.1 and Figure 6.1 summarise the BMI dataviehg non-surgical
periodontal management for patients with T2DM aadqalontitis and non-diabetic

patients with periodontitis. Of note, BMI was sifigantly higher in patients with
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T2DM at each time point. Also, within the subjestith T2DM, BMI showed a
significant reduction from a pre-treatment leved.[8(29.9-36.5) kg/f} to month 6
[31.0 (27.6-34.8) kg/f}) and month 12 months [31.6 (28.7-34.5) kgj/after NSM
(Table 6.1 and Figure 6.1). Table 6.1 also pregtetsiumber of subjects within each
BMI category and shows that at month 6 and monthds2-treatment, there was a
reduction in the number of obese and morbidly olredieiduals seen, without any
concurrent increase in number of subjects classdsgenormal and overweight. This
would suggest that the apparent reduction in BMhga patients with T2DM
following NSM is not due to actual weight loss, bather as a result of drop-out of

obese and morbidly obese subjects (Table 6.1).

Table 6.2 and Figure 6.2 presents blood pressuaefoléowing NSM for
patients with T2DM and periodontitis and non-diabeatients with periodontitis. No
significant differences between T2DM patients and-diabetic patients were found at
any time point and no significant changes were dofatiowing NSM (Table 6.2 and

Figure 6.2).

Interestingly, from data collected at month 12yduld appear that there were
minimal changes to the medical care for subjeces the study period. Out of the 29
T2DM subjects and 37 non-diabetic subjects revieatadonth 12, a change in

medical history was reported in only 4 (13.8%) an@.7%) of subjects respectively.



Table 6.1

BMI data in subjects with periodontitis pe- and post NSM for both T2DM and non-diabetic sulects

Pre-treatment

Month 6

Month 12 p-value
T2DM subjects  Non-diabetic T2DM Non-diabetic T2DM Non-diabetic
(n=48) subjects subjects subjects subjects subjects
(n=46) (n=29) (n=22) (n=29) (n=37)
BMI (kg/m ?) 33.0(29.9-36.5) 28.1 (25.1- 31.0 (27.6- 25.9 (23.9- 31.6 (28.7- 28.0 (25.1- 11%<0.05
T 32.0) 34.8Y 30.3) 34.5Y 32.9)
BMI status (n(%))
Normal weight (18.5- 3(6.3) 10 (21.7) 2 (6.9) 8 (36.4) 2 (6.9) 8 (21.6)
24.9)
Overweight (25.0-29.9) 9 (18.8) 23 (50.0) 8 (27.6) 8 (36.4) 9 (31.0) 18.87 NS
Obese (30.0-34.9) 20 (41.7) 5(10.9) 12 (41.4) 3(13.6) 13 (44.8) 78.4)
Morbidly obese (>35.0) 16 (33.3) 8 (17.4) 7(24.1) 3(13.6) 5(17.2) 8.1

P-values were determined using chi-squared testiarete variable, Friedman test with Wilcoxontgusc test for continuous parametric variable

compared over time and Mann-Whitney U test for cwaus non-parametric data compared at each tinme. pdedian (IQR) is presented as all the data are

non-parametric.

®indicates a comparison within rows between of T2& non-diabetic groups at a specific time point
Tindicates a comparison within rows between prattnent and month 6 within either T2DM or non-diabgtoups
"indicates a comparison within rows between prattent and month 12 within either T2DM or non-dibgroups
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Figure 6.1 BMI in subjects with periodontitis pre-and post NSM for both
T2DM and non-diabetic subjects
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Boxplots of BMI pre- and post NSM in subjects witdriodontitis in both T2DM
subjects (pre-treatment n=48, month 6 n=29, moAth=229) and non-diabetic
subjects (pre-treatment n=46, month 6 n=22, moAth=137) Statistics: Friedman test
with Wilcoxon post hoc test *<0.05, **p<0.01, **4f.001(according to time within
T2DM or non-diabetic group); Mann-Whitney U t8i<0.05,%® p<0.01,%%%<0.001
(T2DM versus non-diabetic groups at each time poinbutlier more than 3 times the
IQR from the box boundaries,outlier more than 1.5 but less than 3 times thRe 1Q
from the box boundaries.



Table 6.2 Blood pressure data in subjects with paydontitis pre- and post NSM for both T2DM and nondiabetic subjects

Pre-treatment Month 6 Month 12 p-value

T2DM subjects Non-diabetic T2DM subjects Non-diabetic T2DM subjects Non-diabetic

(n=48) subjects (n=29) subjects (n=29) subjects
(n=46) (n=22) (n=36)

Systolic BP 144.0 (127.3- 143.0 (127.5- 148.0 (135.5- 137.5 (128.5- 144.0 (135.5- 141.5 (134.3- NS
159.8) 153.0) 155.5) 156.3) 155.5) 152.8)

Diastolic BP 79.5(74.0-88.8) 83.0(76.3-94.5)  77.0(74.0-84.0)86.0 (75.8-92.0)  77.0 (74.5-90.5)  85.0 (77.0-90.0) NS

P-values were determined using Friedman test withdkbn post hoc test for continuous parametrigaldes compared over time and Mann-Whitney U
test for continuous non-parametric data comparegeth time point. Median (IQR) is presented athalldata are non-parametric.

®indicates a comparison within rows between of T2&M non-diabetic groups at a specific time point
Tindicates a comparison within rows between prattent and month 6 within either T2DM or non-digbgtoups
"indicates a comparison within rows between prattment and month 12 within either T2DM or non-dibgroups
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Figure 6.2  Blood pressure in subjects with perioddtitis pre- and post NSM
for both T2DM and non-diabetic subjects
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Boxplots of systolic and diastolic BP pre- and gédSiM in subjects with periodontitis
in both T2DM subjects (pre-treatment n=48, monti+89, month 12 n=29) and non-
diabetic subjects (pre-treatment n=46, month 6 naknth 12 n=36)Statistics:
Friedman test with Wilcoxon post hoc test *<0.99<0.01, ***p<0.001(according
to time within T2DM or non-diabetic group); Mann-\ttrey U test p<0.05,%®
p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at eaok point).o outlier
more than 3 times the IQR from the box boundasesytlier more than 1.5 but less
than 3 times the IQR from the box boundaries.



6 Results 255

6.2.2 Changes in HbAlc, hsCRP and lipids following non-sgical

periodontal management

Table 6.3 and Figures 6.3 to 6.8 summarise thealibiochemistry data
following NSM for patients with T2DM and periodotigi and non-diabetic patients
with periodontitis. As expected, at each time pdiatHbAlc was significantly higher
in patients with T2DM compared to non-diabetic sghbg. In T2DM patients, pre-
treatment % HbA1c levels [7.5 (6.7-9.2)%] showedduction at month 3 [7.05 (6.6-
9.5)%] and month 12 [7.1 (6.6-7.4)%], which is duetion of 0.455 and 0.40%

respectively. The reductions in HbAlc did not hoerereach statistical significance.

When considering levels of triglycerides, subjexith T2DM had significantly
higher levels compared to non-diabetic subjects@treatment, month 3 and month
12. Also, compared to pre-treatment levels, trighae levels showed no significant
changes following NSM in either subjects with T2[@Knon-diabetic subjects at any
time-point (Table 6.3 and Figure 6.4). For levdl$lBL, non-diabetic subjects had
significantly higher levels compared to subjectdhwi2DM, at each time point. Also,
compared to pre-treatment levels, HDL levels shom@dignificant changes
following NSM in either subjects with T2DM or nonadbetic subjects at any time-
point (Table 6.3 and Figure 6.5). For levels of #tIDL, non-diabetic subjects had
significantly higher levels compared to subjectdhwi2DM, at each time point. Also,
in non-diabetic subjects, non-HDL levels demonstta significant reduction between
pre-treatment [4.2 (3.6-4.6) mmol/L] and 6 montlO[@3.2-4.6) mmol/L]. For levels
of total cholesterol, non-diabetic subjects hadisicantly higher levels compared to
subjects with T2DM, at each time point. Also, imrdiabetic patients, a reduction was
demonstrated in cholesterol levels between prerresat [5.5 (5.0-6.1) mmol//L] and
6 month [5.3 (4.9-6.0) mmol/L], although followinige Bonferroni-Holm correction

of p-values for multiple comparisons placed théaal p-value at 0.017, therefore, this



6 Results 256

difference was detected as a trend (p=0.05) (T&Blend Figure 6.7). For hsCRP
levels, no significant differences between T2DMgrats and non-diabetic patients
were found at any time point. Also, in subjectdmi2DM, hsCRP levels
demonstrated a non-significant reduction betweertq@atment [2.1 (0.9-4.6) mg/L]
and month 12 [1.5 (0.7-3.1) mg/L], which is a retituc of 0.6 mg/L. Similarly, in
non-diabetic subjects hsCRP levels demonstrateshasignificant reduction between
pre-treatment [2.3 (1.1-4.3) mg/L] and month 15 [[.7-2.9) mg/L], which is a
reduction of 0.7 mg/L, however both these reduétiailed to reach statistical

significance (Table 6.3 and Figure 6.8).

Table 6.4 presents the number of subjects withoh eategory of glycaemic
control. It shows that at month 12 post-treatm#r@e was a reduction in the number
subjects categorised as having good glycaemic @ipatreduction in the number
subjects categorised as having poor glycaemic abatid an increase in the number of
subjects categorised as having moderate glycaesnicad. This would suggest that
the apparent reduction in HbAlc levels seen inestibjwith T2DM following NSM is
not a result of drop out of subjects but is madkellf due to actual improvements in

glycaemic control.

Following stratification of the data based on satgeinitial level of glycaemic
control, Table 6.5 summarises the HbA1c levelfeihg NSM for patients with
T2DM and periodontitis. In T2DM patients with popmeitial glycaemic control, as
indicated by HbAle 7.5%, there was a 1.9 % reduction in HbAlc letrels pre-
treatment [9.2 (8.3-10.2)%] to month 12 [7.3 (7.I}%o], although, the reduction did
not reach statistical significance. Figure 6.9 shawine and scatter plot of HbAlc
levels for individual subjects with T2DM and peraoditis at pre-treatment and month
12, with the lines highlighting that for the majgrof subjects, a reduction in %

HbAlc was demonstrated over this time period. Feg.10 and 6.11 presents the
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same data as line and scatter plots followingiitation based on subjects’ initial
level of glycaemic control. Interestingly, of thosabjects with an initial HbAlc of
7.5% or greater, the majority show a reduction bAlc at month 12. In contrast,
subjects with an initial HbAlc of less that 7.5%wta less clear response in HbAlc
at month 12, with HbA1c levels for some subjectseasing and some decreasing

(Figures 6.10 and 6.11).



Table 6.3 Clinical biochemistry data in subjects wh periodontitis pre- and post NSM for both T2DM and non-diabetic subjects
Pre-treatment Month 3 Month 6 Month 12
T2DM Non-diabetic T2DM Non-diabetic T2DM Non-diabetic  T2DM subjects  Non-diabetic p-value
subjects subjects subjects subjects subjects subjects (n=27) subjects
(n=47) (n=48) (n=36) (n=42) (n=35) (n=39) (n=33)
HbAlc (%) 7.5(6.7-9.2% 5.5(5.3-5.7) 7.05(6.6-9.5) 5.6(5.4-5.7) 7.6(6.7-9.4 54(54-57) 7.1(6.6-7.48 5.5(5.4-5.7) ¥<0.001

Triglycerides 2.5 (1.7-4.2% 1.7 (1.2-2.7) 2.4 (1.43%) 1.6(1.1-2.2) 2.3(1.4-3.2) 1.6 (1.1-2.5) 2.0 {2.8) 15(1.1-1.9) *<0.05
(mmol/L)

HDL (mmol/L) 1.1(1.0-1.3) 1.4(1.1-1.6) 1.1(1.0-1%) 15(1.2-1.8) 1.2(1.0-1%) 1.4(1.2-1.8) 1.1(1.0-1% 14@.117)  %<0.01
Non-HDL 3.3(2.8-3.9) 4.2(3.6-46) 29(2.3-35 4.0(3.6-47) 3.1(253%) 4.0(3.2-4.6) 2.7(.3-3%) 413548 '<0.01,
(mmol/L) $<0.01

Cholesterol 4.4 (4.0-5.3) 55(5.0-6.1% 4.0(3.6-51 55(4.9-6.3) 4.4(3.6-48) 5.3(4.9-6.0) 3.9 (3.4-48) 5.5(4.9-6.3)  '<0.05,
(mmol/L) $<0.01
Hs-CRP (mg/L) 2.1(0.9-4.6) 2.3(1.1-43) 20(1.1-51) 18(.8 2.0(0.8-4.6) 1.7 (0.9-3.2) 1.5 (0.7-3.1) (EF-2.9) NS

P-values were determined using Friedman test withdkbn post hoc test for continuous parametrigaldes compared over time and Mann-
Whitney U test for continuous non-parametric datapared at each time point. Median (IQR) is pressbas all the data is non-parametric.

* indicates a comparison within rows between of T28M non-diabetic groups at a specific time point

# indicates a comparison within rows between prattnent and month 3 within either T2DM or non-diabgtoups
Tindicates a comparison within rows between prattent and month 6 within either T2DM or non-diabgtoups
"indicates a comparison within rows between prattent and month 12 within either T2DM or non-dibgroups
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Figure 6.3  HbALc levels in subjects with periodoritis pre- and post NSM for
both T2DM and non-diabetic subjects
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Boxplots of HbAlc levels pre- and post NSM in sebgewith periodontitis in both
T2DM subjects (pre-treatment n=47, month 3 n=36ntm®&® n=35, month 12 n=27)
and non-diabetic subjects (pre-treatment n=48, m8mt=42, month 6 n=39, month
12 n=33) Statistics: Friedman test with Wilcoxon post hast t&<0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-datic group); Mann-Whitney U
test® p<0.05,%® p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxaries.e outlier more
than 1.5 but less than 3 times the IQR from the hmxndaries.
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Figure 6.4  Triglyceride levels in subjects with peodontitis pre- and post NSM
for both T2DM and non-diabetic subjects
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Boxplots of triglyceride levels pre- and post NSMsubjects with periodontitis in both
T2DM subjects (pre-treatment n=47, month 3 n=36ntm®& n=35, month 12 n=27) and
non-diabetic subjects (pre-treatment n=48, montk4&2, month 6 n=39, month 12
n=33) Statistics: Friedman test with Wilcoxon post haat t&<0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-diatic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxaries.e outlier more

than 1.5 but less than 3 times the IQR from the lmxndaries.



6 Results 261

Figure 6.5  HDL levels in subjects with periodontiis pre- and post NSM for
both T2DM and non-diabetic subjects
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Boxplot of HDL levels pre- and post NSM in subjeatth periodontitis in both T2DM
subjects (pre-treatment n=47, month 3 n=36, monthdo, month 12 n=27) and non-
diabetic subjects (pre-treatment n=48, month 3 nazihth 6 n=39, month 12 n=33)
Statistics: Friedman test with Wilcoxon post haat t&<0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-diatic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxaries.e outlier more
than 1.5 but less than 3 times the IQR from the lhmxndaries.
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Figure 6.6  Non-HDL levels in subjects with periodntitis pre- and post NSM for
both T2DM and non-diabetic subjects
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Boxplots of non-HDL levels pre- and post NSM in jgalts with periodontitis in both
T2DM subjects (pre-treatment n=47, month 3 n=36ntm®& n=35, month 12 n=27) and
non-diabetic subjects (pre-treatment n=48, monik4&, month 6 n=39, month 12
n=33) Statistics: Friedman test with Wilcoxon post hast t&<0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-datic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxraries.e outlier more

than 1.5 but less than 3 times the IQR from the lbmxndaries.
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Figure 6.7  Total cholesterol levels in subjects Wi periodontitis pre- and post
NSM for both T2DM and non-diabetic subjects
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Boxplots of total cholesterol levels pre- and @8SiM in subjects with periodontitis in
both T2DM subjects (pre-treatment n=47, month 3&+3onth 6 n=35, month 12
n=27) and non-diabetic subjects (pre-treatment naddth 3 n=42, month 6 n=39,
month 12 n=33)Statistics: Friedman test with Wilcoxon post hast t&<0.05,
**p<0.01, ***p<0.001(according to time within T2DMr non-diabetic group); Mann-
Whitney U tesf p<0.05,% p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at
each time point)o outlier more than 3 times the IQR from the boxdaries,e outlier
more than 1.5 but less than 3 times the IQR froerbibx boundaries.
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Figure 6.8  HsCRP levels in subjects with periodoitts pre- and post NSM for
both T2DM and non-diabetic subjects
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Boxplots of hsCRP levels pre- and post NSM in stibjavith periodontitis in both
T2DM subjects (pre-treatment n=47, month 3 n=36ntm®& n=35, month 12 n=27) and
non-diabetic subjects (pre-treatment n=48, montk4&2, month 6 n=39, month 12
n=33) Statistics: Friedman test with Wilcoxon post haat t&0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-diatic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxtaries.e outlier more

than 1.5 but less than 3 times the IQR from the hmxndaries.



Table 6.4 Glycaemic controin T2DM subjects with periodontitis pre- and post NSM

Pre-treatment Month 3 Month 6 Month 12 p-value
(n=47) (n=36) (n=35) (n=27)
Glycaemic control categories (n(%))
Good (<7.0%) 18 (38.3) 15 (41.7) 17 (48.6) 7 (25.9)
Moderate (7.0-8.5%) 12 (25.5) 7 (19.4) 3(8.6) 39.38) NS
Poor (>8.5%) 17 (36.2) 14 (38.9) 15 (42.9) 4 (14.8)
Glycaemic control target met £6.5%) 7 (14.9) 9 (25.0) 7 (20.0) 6 (22.2) NS

(n(%))

P-values were determined using chi-squared testi$orete variable.



Table 6.5 HbAlc in T2DM subjects pre- and post NSMategorised on initial HbAlc level

Initial HbAlc Pre-treatment Month 3 Month 6 Month 12 p-value
$
>7.5% 9.2 (8.3-10.2%) 9.5 (8.4-9.8) 9.2 (7.8-9.9) 7.3(7.1-8.7f <0.01
<7.5% 6.7 (6.2-6.9) 6.8 (6.2-7.0) 6.8 (6.1-6.9) 6.7 (8.2)

P-values were determined using Friedman test withd&bn post hoc test for continuous parametricaldes compared over time and Mann-Whitney U
test for continuous non-parametric data comparegeth time point. Median (IQR) is presented athalldata are non-parametric. Subjects with initial
HbAlc> (pre-treatment n=24, month 3 n=17, month 6 n=IBraonth 12 n=13) and initial HbAlc <7.5% (pre-treaht n=23, month 3 n=18, month 6

n=16, and month 12 n=14)

indicates a comparison at a specific time poitivben rows

indicates a comparison between pre-treatment amdm3 within rows
indicates a comparison between pre-treatment amdm®é within rows
indicates a comparison between pre-treatment ammdhmi2 within

—+ =2 H# &
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Figure 6.9 HbAlc levels in individual subjects wh periodontitis and T2DM
pre-treatment and month 12
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Line and scatter plot of HbAlc levels for individsabjects with T2DM and
periodontitis at pre-treatment (n=47) and montl{r27). Lines highlight the
direction of change of HbAlc.
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Figure 6.10 HbA1c levels in individual subjects vih periodontitis and T2DM
pre-treatment and month 12 with initial HbAlc >7.5%
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Line and scatter plots of HbAlc levels for indivadisubjects with T2DM and
periodontitis and with initial HbAlc levels?.5%: pre-treatment (n=24) and month 12
(n=13). Lines highlight the direction of changettifAlc.

Figure 6.11 HbA1c levels in individual subjects wih periodontitis and T2DM
pre-treatment and month 12 with initial HbAlc <7.5%
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Line and scatter plots of HbAlc levels for indivadisubjects with T2DM and
periodontitis and with initial HbA1c levels <7.5%re-treatment (n=23) and month 12
(n=14). Lines highlight the direction of changettifAlc.
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6.2.3 Changes in clinical periodontal data following nonsurgical

periodontal management
Table 6.6 and Figures 6.12 to 6.20 summariseslithieat periodontal data
following non-surgical periodontal management fatignts with T2DM and

periodontitis and non-diabetic patients with peootitis.

When considering the % of sites exhibiting BOP sigmificant differences in
% BOP were found between subjects with T2DM andaiabetic subjects at any
time point. Also, in subjects with T2DM, comparedare-treatment levels [46.0 (30.0-
60.7)%], % BOP showed significant reductions foliogyNSM at 3 months [18.5
(8.8-38.0)%], 6 months [15.3 (8.3-39.6)%] and 12hthe [17.6 (6.5-28.4)%].
Similarly, in non-diabetic subjects, compared te-peatment levels [43.0 (29.4-
56.7)%], % BOP showed significant reductions foliogyNSM at 3 months [14.5
(10.3-27.0)%], 6 months [14.7 (7.2-25.0)%] and 1éhths [10.0 (5.1-24.2)%] (Table

6.6 and Figure 6.12).

For gingival inflammation, no significant differeexin mGI were found
between subjects with T2DM and non-diabetic subjatiany time point. Also, in
subjects with T2DM, compared to pre-treatment lgy2I0 (1.5-2.7)], mGI showed
significant reductions following NSM at 3 months4X0.7-2.0)], 6 months [1.5 (0.9-
2.0)] and 12 months [1.3 (0.8-1.7)]. Similarly,non-diabetic subjects, compared to
pre-treatment levels [2.4 (2.0-2.7)], mGI showeghg8icant reductions following
NSM at 3 months [1.6 (0.9-2.2)], 6 months [1.5 {R.@)] and 12 months [1.4 (0.9-

2.3)] (Table 6.6 and Figure 6.13).

When considering plaque levels, subjects with T2dd significantly higher
Pl at pre-treatment [0.8 (0.5-1.1)], month 3 [M33¢0.7)], month 6 [0.6 (0.3-0.8)] and

month 12 [0.5 (0.3-0.7)] compared to non-diabeticjscts at pre-treatment [0.6 (0.4-
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0.8)], month 3 [0.3 (0.1-0.6)], month 6 [0.3 (0.5)) and month 12 [0.4 (0.2-0.8)].
When the impact of the pre-treatment differencevben subjects with T2DM and
non-diabetic subjects was taken into account, iffierences found between subjects
with T2DM and non-diabetic subjects at month 3, tha@hand month 12 failed to
reach significance. In subjects withT2DM, compae@re-treatment levels [0.8 (0.5-
1.1)], Pl showed significant reductions followingM at 3 months [0.5 (0.3-0.7)], 6
months [0.6 (0.3-0.8)] and 12 months [0.5 (0.3{0.3imilarly, in non-diabetic
subjects, compared to pre-treatment levels [0460®)], Pl showed significant
reductions following NSM at 3 months [0.3 (0.1-0.®&) months [0.3 (0.1-0.6)] and 12

months [0.4 (0.2-0.8)] (Table 6.6 and Figure 6.14).

For mean PD, no significant differences were fobativeen subjects with
T2DM and non-diabetic subjects at any time pomsubjects withT2DM, compared
to pre-treatment levels [2.8 (2.4-3.2) mm], meandPDwed significant reductions
following NSM at 3 months [2.4 (2.2-2.9) mm], 6 ntlos [2.2 (2.0-2.7) mm] and 12
months [2.2 (1.9-2.8) mm]. Similarly, in non-dialoegubjects, compared to pre-
treatment levels [2.9 (2.5-3.5) mm], mean PD shosigdificant reductions following
NSM at 3 months [2.6 (2.2-2.9) mm], 6 months [23{2.9) mm] and 12 months [2.3

(1.9-2.7) mm] (Table 6.6 and Figure 6.15).

For mean LOA, no significant differences were folnetlween subjects with
T2DM and non-diabetic subjects at any time pomsubjects withT2DM, compared
to pre-treatment levels [3.1 (2.8-3.9) mm], mearALshowed significant reductions
following NSM at 3 months [3.0 (2.6-3.6) mm], 6 ntlos [2.8 (2.4-3.7) mm] and 12
months [2.8 (2.4-3.6) mm]. Similarly, in non-dialoegubjects, compared to pre-
treatment levels [3.4 (2.9-4.2) mm], mean LOA shadwsm@nificant reductions
following NSM at 3 months [3.3 (2.8-3.9) mm], 6 ntlbs [3.1 (2.6-4.1) mm] and 12

months [3.1 (2.5-3.7) mm] (Table 6.6).
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For the % of PD sites 5 mm, at pre-treatment, despite the apparent highe
of PD sites> 5 mm recorded in non-diabetic subjects [16.0 @®)%] compared to
subjects with T2DM [10.9 (8.1-18.2)%], the diffecenfailed to reach statistical
significance. After treatment, the % of PD siteS mm were significantly higher in
non-diabetic subjects at month 3 [10.1 (5.8)%] amwhth 6 [9.0 (3.2-19.5)%]
compared to subjects with T2DM at month 3[5.3 A.8)%] and month 6 [5.3 (1.9-
9.7)%]. When the impact of the pre-treatment dédfere between subjects with T2DM
and non-diabetic subjects was taken into accobetdifferences found between
subjects with T2DM and non-diabetic subjects at thh@and month 6 failed to reach
significance. In subjects with T2DM, compared te-peatment levels [10.9 (8.1-
18.2)%], % of PD sites5mm showed significant reductions following NSM3at
months [5.3 (1.8-9.9)%], 6 months [5.3 (1.9-9.7@6§ 12 months [3.0 (0.9-8.9)%].
Similarly, in non-diabetic subjects, compared te-peatment levels [16.0 (8.0-
30.8)%)], % of PD sites5mm showed significant reductions following NSM3at
months [10.1 (5.8-19.0)%], 6 months [9.0 (3.2-1%pband 12 months [3.2 (1.3-

13.4)%] (Table 6.6 and Figure 6.16).

When considering periodontal surface area, prearrest PESA was
significantly higher in non-diabetic subjects [17{1439.4-2096.5) mfhcompared
to subjects with T2DM [1401.5 (1144.3-1733.7) fiAt month 3, 6 and 12, non-
diabetic subjects had apparently higher PESA coetptr non-diabetic subjects,
however the differences failed to reach statissggificance. In subjects withT2DM,
compared to pre-treatment levels [1401.5 (11443317 mni ], PESA showed
significant reductions following NSM at 3 month2BB.2 (1092.4-1543.9) nfin 6
months [1159.7 (1010.1-509.0) rfinand 12 months [1181.3 (930.3-1374.7) fifm
Similarly, in non-diabetic subjects, compared te-peatment levels [1711.0 (1439.4-

2096.5) mrf], PESA showed significant reductions following N$i#3 months
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[1464.2 (1192.0-1686.2) nfin 6 months [1402.9 (1139.8-1698.3) fjrand 12

months [1260.2 (983.7-1566.8) MinfTable 6.6 and Figure 6.17).

For PISA, no significant differences were foundwestn subjects with T2DM
and non-diabetic subjects at any time point. Ifetb withT2DM, compared to pre-
treatment levels [683.0 (439.1-1085.5) fnPISA showed significant reductions
following NSM at 3 months [339.0 (145.4-688.3) Ainé months [340.1 (101.0-
628.1) mni] and 12 months [216.5 (87.1-539.4) AnSimilarly, in non-diabetic
subjects, compared to pre-treatment levels [8%83.6-1232.9) mA}, PISA showed
significant reductions following NSM at 3 month9f4 (159.5-536.5) mfh 6
months [262.6 (89.0-514.8) nitrand 12 months [215.1 (62.5-520.3) AjifTable 6.6

and Figure 6.18).

Table 6.7 and Figures 6.19 and 6.20 summarisek¥tbesites displaying a
reduction in PD or LOA for patients with T2DM andrpdontitis and non-diabetic
patients with periodontitis. When considering th@Psites demonstrating a reduction
in PD of> 2 mm during the 0 to 3 month period, no signiftcdifferences were found
when comparing subjects with T2DM [11.0 (5.3-17.2#%d non-diabetic subjects
[12.3 (8.3-20.8)%]. Similarly, during the O to 6 nib period, no significant
differences were found in the number of sites destrating a reduction in PD of
>2mm when comparing subjects with T2DM [12.2 (9.31)%] and non-diabetic
subjects [14.0 (9.3-19.4)%]. Likewise, during the®de@2 month period, no significant
differences were found in the % of sites demonsigad reduction in PD of 2 mm
when comparing subjects with T2DM [13.6 (10.5-2%Dand non-diabetic subjects

[18.0 (10.2-23.2)%] (Table 6.7 and Figure 6.19).

When considering the % of sites demonstrating aatah in PD of> 3 mm

during the 0 to 3 month period, no significant eliinces were found when comparing
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subjects with T2DM [3.3 (1.0-6.6)%] and non-diabetubjects [4.3 (2.4-8.3)%)].
Similarly, during the 0 to 6 month period, no sigrant differences were found in the
% of sites demonstrating a reduction in PD>& mm when comparing subjects with
T2DM [4.7 (2.8-8.3)%] and non-diabetic subjectsl[&.9-10.4)%]. Likewise, during
the 0 to 12 month period, no significant differesi@eere found in the % of sites
demonstrating a reduction in PD>»8 mm when comparing subjects with T2DM [6.6

(2.7-11.4)%] and non-diabetic subjects [6.0 (3.8F)%] (Table 6.7 and Figure 6.20).



Table 6.6 Clinical periodontal data in subjects vith periodontitis pre- and post NSM for both T2DM and non-diabetic subjects

Pre-treatment Month 3 Month 6 Month 12
T2DM subjects  Non-diabetic  T2DM subjects Non-diabetic T2DM Non-diabetic T2DM subjects Non-diabetic p-value
(n=47) subjects (n=37) subjects subjects subjects (n=29) subjects
(n=48) (n=42) (n=35) (n=40) (n=37)
BOP (%) 46.0 (30.0- 43.0 (29.4- 18.5(8.8-38.0)  14.5(10.3- 15.3(8.3-39.6) 14.7 (7.2- 17.6(6.5-28.4) 10.0 (5.1-24.2) *17<0.001
60.7)" 56.7)" 27.0) 25.0)
mGl 2.0 (1.5-2.7%" 2.4 (.02  1.4(0.7-2.0) 1.6 (0.9-2.2) 1.5(0.9-2.0) 1.5{.0) 1.3 (0.8-1.7) 1.4 (0.9-2.3) *"<0.001
Pl 0.8 (0.6- 0.6 (0.4-0.8Y"" 05(0.3-0A% 0.3(0.1-0.6) 0.6(0.3-0.8) 0.3(0.1-0.6) 0.5 (0.3-0.%) 0.4 (0.2-0.8) *'<0.001
1.1)A11® "%<0.05
Mean PD (mm) 2.8 (2.4-3.2}"" 2.9 (2.5-3.5)""  2.4(2.2-2.9) 2.6(2.2-2.9) 2.2(2.0-27) 2549 2.2 (1.9-2.8) 2.3(1.9-2.7) *"<0.001
Mean recessior 0.4 (0.3-0.7%™ 0.4 (0.2-0.9Y"" 0.7 (0.4-0.8) 0.6 (0.3-1.0) 0.5(0.4-0.8) 0.6{0.0) 0.6 (0.4-0.9) 0.7 (0.4-1.2) *"<0.001
(mm)
Mean LOA 3.1 (2.8-3.9Y"" 3.4(2.9-4.25"  3.0(2.6-3.6) 3.3(2.8-3.9) 2.8(2.4-3.7) 3.1{2.6 2.8 (2.4-3.6) 3.1(2.5-3.7) *"<0.001
(mm)
% PD sites 10.9 (8.1- 16.0 (8.0- 5.3 (1.8-9.9) 10.1 (5.8- 5.3(1.9-9.7% 9.0(3.2-19.5) 3.0 (0.9-8.9) 3.2 (1.3-13.4) *17<0.001
>5mm 18.2)""" 30.8)""M" 19.0)

Continued on next page



Continued from previous page

Pre-treatment Month 3 Month 6 Month 12
T2DM subjects  Non-diabetic  T2DM subjects Non-diabetic T2DM T2DM T2DM subjects Non-diabetic p value
(n=47) subjects (n=37) subjects subjects subjects (n=29) subjects
(n=48) (n=42) (n=35) (n=47) (n=37)
PESA (mnf) 1401.5 (1144.3- 1711.0 (1439.4- 1238.2 (1092.4- 1464.2 1159.7 1402.9 1181.3 (930.3-  1260.2 (983.7- *"'<0.001
1733.7§11 2096.5§11® 1543.9) (1192.0-  (1010.1-509.0) (1139.8- 1374.7) 1566.8) %<0.01
1686.2) 1698.3)
PISA (mm?) 683.0 (439.1- 897.3(683.6- 339.0(145.4- 299.4 (159.5- 340.1 (101.0- 262.6 (89.0- 216.5 (87.1- 215.1 (62.5- *"'<0.001
1085.5§ 1 1232.9§ 1 688.3) 536.5) 628.1) 514.8) 539.4) 520.3)

P-values were determined using Friedman test witbdkbn post hoc test for continuous parametricaldes compared over time and Mann-
Whitney U test for continuous non-parametric datapared at each time point. Median (IQR) is pre=abat all the data were non-parametric.

* indicates a comparison within rows between of T28M non-diabetic groups at a specific time point

# indicates a comparison within rows between prattnent and month 3 within either T2DM or non-diabgtoups
Tindicates a comparison within rows between prattent and month 6 within either T2DM or non-diabgtoups
"indicates a comparison within rows between prattment and month 12 within either T2DM or non-dibgroups



Table 6.7 The change in PD and LOA after 8M for both T2DM and non-diabetic subjects

0-3 months 0-6 months 0-12 months

T2DM subjects Non-diabetic T2DM subjects Non-diabetic T2DM subjects  Non-diabetic p value

(n=36) subjects (n=35) subjects (n=28) subjects
(n=41) (n=40) (n=37)
% PD sites reduced>2mm  11.0 (5.3-17.2) 12.3(8.3-20.8) 12.2(9.3-19.1) 019.3-19.4) 13.6 (10.5-24.0) 18.0 (10.2-23.2) NS
% PD sites reduced>3mm 3.3 (1.0-6.6) 4.3 (2.4-8.3) 4.7 (2.8-8.3) 5.1 (204) 6.6 (2.7-11.4) 6.0 (3.8-11.7) NS
% LOA sites reduced>2mm  11.1 (8.3-14.6) 11.7 (8.3-17.8) 13.8(9.7-19.5) 618.7-17.9) 15.5(9.3-22.2) 14.2 (10.6-19.7) NS
% LOA sites reduced>3mm 3.3 (0.8-5.6) 4.2 (2.4-7.8) 4.9 (1.9-6.8) 5.1 (2.8} 5.3 (1.9-8.3) 5.6 (2.9-8.3) NS

P-values were determined using Mann-Whitney Uftestontinuous non-parametric data compared at gahpoint. Median (IQR) is presented
as all the data were non-parametfimdicates a comparison within rows between of T28Md non-diabetic groups at a specific time point
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Figure 6.12 BOP in subjects with periodontitis preand post NSM for both
T2DM and non-diabetic subjects
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Boxplots of % of sites showing BOP pre- and posWMNB subjects with periodontitis
in both T2DM subjects (pre-treatment n=47, monti+37, month 6 n=35, month 12
n=29) and non-diabetic subjects (pre-treatment nadth 3 n=42, month 6 n=40,
month 12 n=37)Statistics: Friedman test with Wilcoxon post hast t&0.05,
**p<0.01, ***p<0.001(according to time within T2DMr non-diabetic group); Mann-
Whitney U tesf p<0.05,% p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at
each time point)o outlier more than 3 times the IQR from the boxrdaries,e outlier
more than 1.5 but less than 3 times the IQR froerbibx boundaries.
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Figure 6.13 mGil in subjects with periodontitis pre-and post NSM for both
T2DM and non-diabetic subjects
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Boxplots of mGlI pre- and post NSM in subjects wigriodontitis in both T2DM
subjects (pre-treatment n=47, month 3 n=37, month3b, month 12 n=29) and non-
diabetic subjects (pre-treatment n=48, month 3 nazihth 6 n=40, month 12 n=37)
Statistics: Friedman test with Wilcoxon post hast te0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-diatic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxaries.e outlier more
than 1.5 but less than 3 times the IQR from the lmxndaries.
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Figure 6.14 Pl in subjects with periodontitis pre-and post NSM for both T2DM
and non-diabetic subjects
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Boxplots of Pl pre- and post NSM in subjects wignipdontitis in both T2DM subjects
(pre-treatment n=47, month 3 n=37, month 6 n=35tm&2 n=29) and non-diabetic
subjects (pre-treatment n=48, month 3 n=42, monmth4D, month 12 n=37ptatistics:
Friedman test with Wilcoxon post hoc test *<0.05<0.01, **p<0.001(according to
time within T2DM or non-diabetic group); Mann-Whitn U test® p<0.05,% p<0.01,
$5%9<0.001 (T2DM versus non-diabetic groups at eauk foint).o outlier more than 3
times the IQR from the box boundariesputlier more than 1.5 but less than 3 times the
IQR from the box boundaries.
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Figure 6.15 Mean PD in subjects with periodontitiore- and post NSM for both
T2DM and non-diabetic subjects
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Boxplots of mean PD pre- and post NSM in subjedtl periodontitis in both T2DM
subjects (pre-treatment n=47, month 3 n=37, momth3b, month 12 n=29) and non-
diabetic subjects (pre-treatment n=48, month 3 pna®inhth 6 n=40, month 12 n=37)
Statistics: Friedman test with Wilcoxon post haat t&0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-datic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxrtaries.e outlier more
than 1.5 but less than 3 times the IQR from the lbmxndaries.
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Figure 6.16 % of PD site5mm in subjects with periodontitis pre- and post
NSM for both T2DM and non-diabetic subjects
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Boxplots of % of PD sitesSmm pre- and post NSM in subjects with periodositi
both T2DM subjects (pre-treatment n=47, month 3m+3onth 6 n=35, month 12
n=29) and non-diabetic subjects (pre-treatment nmtthth 3 n=42, month 6 n=40,
month 12 n=37)Statistics: Friedman test with Wilcoxon post hast t&0.05,
**p<0.01, **p<0.001(according to time within T2DMr non-diabetic group); Mann-
Whitney U tesf p<0.05,%® p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at
each time point)o outlier more than 3 times the IQR from the boxaries.e outlier
more than 1.5 but less than 3 times the IQR froerbibx boundaries.
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Figure 6.17 Mean PESA in subjects with periodontis pre- and post NSM for

PESA

both T2DM and non-diabetic subjects
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Boxplots of PESA pre- and post NSM in subjects wighiodontitis in both T2DM
subjects (pre-treatment n=47, month 3 n=37, monthdo, month 12 n=29) and non-
diabetic subjects (pre-treatment n=48, month 3 pnazihth 6 n=40, month 12 n=37)
Statistics: Friedman test with Wilcoxon post hast te0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-diatic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxaries.e outlier more
than 1.5 but less than 3 times the IQR from the lmxndaries.
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Figure 6.18 Mean PISA in subjects with periodontis pre- and post NSM for
both T2DM and non-diabetic subjects
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Boxplots of PISA pre- and post NSM in subjects va#riodontitis in both T2DM
subjects (pre-treatment n=47, month 3 n=37, monthdo, month 12 n=29) and non-
diabetic subjects (pre-treatment n=48, month 3 nazihth 6 n=40, month 12 n=37)
Statistics: Friedman test with Wilcoxon post hast te0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-datic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxaries.e outlier more
than 1.5 but less than 3 times the IQR from the mxndaries.
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Figure 6.19 % of PD sites showing 2 mm reduction in subjects with
periodontitis pre- and post NSM for both T2DM and ron-diabetic

subjects
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Boxplots of % of PD sites showirrg2 mm reduction pre- and post NSM in subjects
with periodontitis in both T2DM subjects (0-3 mosith=36, 0-6 months n=35, 0-12
months n=37) and non-diabetic subjects (0-3mortdd n0-6 months n=40, 0-12
months n=4Q)Statistics: Mann-Whitney U te$p<0.05 % p<0.01,%%%<0.001 (T2DM
versus non-diabetic groups at each time poingutlier more than 3 times the IQR
from the box boundaries, outlier more than 1.5 but less than 3 times thR f@m the
box boundaries.
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Figure 6.20 % of PD sites showing 3 mm reduction in subjects with
periodontitis pre- and post NSM for both T2DM and ron-diabetic

subjects
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Boxplots of % of PD sites showirrg3 mm reduction pre- and post NSM in subjects
with periodontitis in both T2DM subjects (0-3 mosaith=36, 0-6 months n=35, 0-12
months n=37) and non-diabetic subjects (0-3montidd N0-6 months n=40, 0-12
months n=4Q)Statistics: Mann-Whitney U te$p<0.05 % p<0.01,3%%<0.001 (T2DM
versus non-diabetic groups at each time poingutlier more than 3 times the IQR
from the box boundaries, outlier more than 1.5 but less than 3 times the f@m the
box boundaries.
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6.2.4 Changes in local and systemic cytokine data followg non-

surgical periodontal management

6.2.4.1 Serum cytokine data
Table 6.8 and Figures 6.21 to 6.24 summarise therseytokine data following
non-surgical periodontal management for patients W2DM and periodontitis and

non-diabetic patients with periodontitis.

When considering levels of IL-6 in serum, no sigmaiht differences were found
between subjects with T2DM and non-diabetic subjatpre-treatment, month 3 or
month 6. At month 12, subjects with T2DM had sigmaihtly higher levels of serum IL-
6 [0.91 (0.53-1.56) pg/ml] compared to non-diabstibjects [0.61 (0.41-1.96) pg/ml].
Also, in subjects with T2DM and in non-diabetic gdbs, no significant changes in
serum IL-6 levels were demonstrated following NSy time-point. Furthermore,
serum levels of IL-6 remained consistently arouralower limits of detection for the

assay used (Table 6.8 and Figure 6.21).

With regards to serum TN&;:-pre-treatment levels were significantly higher in
subjects with T2DM [7.10 (3.25-9.30) pg/ml] comphte non-diabetic subjects [3.44
(2.34-7.24) pg/ml]. However, at month 3 and 6, #iigation reversed, with
significantly higher levels of serum TN#Flevels in the non-diabetic subjects [6.43
(3.16-9.13) pg/ml and 7.06 (5.59-8.79) pg/ml] conegato the subjects withT2DM
[3.70 (2.21-6.72) pg/ml and 3.86 (2.15-7.33) pg/Allmonth 12, No significant
differences in serum TNEevels were found between subjects with T2DM ao-n
diabetic subjects. In subjects withT2DM, compaxegre-treatment levels [7.10 (3.25-
9.30) pg/ml], serum TNIe-levels, showed significant reductions followingM&t 3
months [3.70 (2.21-6.72) pg/ml] and 6 months [3B&5-7.33) pg/ml], with a non-

significant increase being noted at month 12 [§3238-9.62) pg/ml]. In non-diabetic
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subjects, compared to pre-treatment levels [3.43U(Z.24) pg/ml], serum TNE-
levels, showed significant increases following N&MW months [7.06 (5.59-8.79)

pg/ml] and 12 months [7.70 (6.71-10.20) pg/ml] (IlEa®.8 and Figure 6.22).

For levels of IL-B in serum, no significant differences were fountsen
subjects with T2DM and non-diabetic subjects at thh@or month 6. However, pre-
treatment and at month 12, subjects with T2DM hguificantly higher levels of serum
IL-1p3 compared to non-diabetic subjects. In subjectsMdDM, compared to pre-
treatment levels [0.08 (0.00-0.34) pg/ml], serurrlfllevels showed significant
reductions following NSM at 3 months [0.00 (0.0Q8). pg/ml], 6 months [0.00 (0.00-
0.13) pg/ml] and month 12 [0.04 (0.00-0.15) pg/Mi]non-diabetic subjects, compared
to pre-treatment levels, no changes in serumpliwés demonstrated at 6 and 12
months. At month 3 [0.03 (0.00-0.09) pg/ml] an e&se was found in ILgllevels
compared to pre-treatment levels [0.00 (0.00-0p@finl], however, the Bonferroni-
Holm correction of p-values for multiple comparisqurlaced the critical p-value at
0.017, therefore, this difference was reported @msral (p=0.027). Furthermore, serum
levels of IL-13 remained consistently around the lower limits etedtion for the assay

used (Table 6.8 and Figure 6.23).

For levels of IFNy in serum, no significant differences were fountieen
subjects with T2DM and non-diabetic subjects attpgatment, month 3, month 6 and
month 12. Also, in subjects with T2DM and in noaitic subjects, no significant
changes in serum IFN{evels were seen following NSM at any time-point.
Furthermore, serum levels of IFNremained consistently around the lower limits of

detection for the assay used (Table 6.8 and Fig4).



Table 6.8 Serum cytokine data in subjects with pé&wdontitis pre- and post NSM for both T2DM and nondiabetic subjects
Pre-treatment Month 3 Month 6 Month 12
T2DM Non-diabetic T2DM Non-diabetic T2DM Non-diabetic T2DM Non-diabetic p-value
subjects subjects subjects subjects subjects subjects subjects subjects
(n=46) (n=45) (n=32) (n=38) (n=30) (n=38) (n=26) (n=34)
Serum IL-6 0.51 (0.34- 0.59 (0.32- 0.50 (0.33- 0.81 (0.41- 0.47 (0.29- 0.55 (0.35- 0.91 (0.53- 0.61 (0.41- $<0.05
(pg/ml) 1.50) 0.93) 1.24) 1.24) 1.31) 0.95) 1.56) 1.96)
Serum TNF-« 7.10(3.25-  3.44 (2.34- 3.70(2.21- 6.43(3.16- 3.86(2.15- 7.06(5.59- 8.03(5.28- 7.70 (6.71- #913<0.05
(pg/ml) 9.30f"1* 7.24)7 6.72) 9.13) 7.33% 8.79) 9.62) 10.20) <0.001
Serum IL-1p  0.08 (0.00- 0.00 (0.00- 0.00 (0.00- 0.03 (0.00- 0.00 (0.00- 0.00 (0.00- 0.04 (0.00- 0.00 (0.00- #11<0.05
(pg/ml) 0.34f119 0.05) 1.15) 0.09) 0.13) 0.07) 0.15% 0.00) $<0.001
Serum IFN-y ~ 1.09 (0.56- 0.57 (0.26- 0.74 (0.39- 1.07 (0.27- 0.90 (0.19- 1.11 (0.33- 1.08 (0.83- 1.11 (0.65- %<0.01
(pg/ml) 2.50% 1.33) 1.44) 1.81) 1.50) 1.57) 1.44) 1.63)

P-values were determined using Friedman test withdkbn post hoc test for continuous parametrigaldes compared over time and Mann-

Whitney U test for continuous non-parametric datapared at each time point. Median (IQR) is pressbas all the data were non-parametric.

—+ =2 H# &

indicates a comparison within rows between of T2&M non-diabetic groups at a specific time point
indicates a comparison within rows between prattnent and month 3 within either T2DM or non-diabgtoups
indicates a comparison within rows between pratitnent and month 6 within either T2DM or non-diabgtoups
indicates a comparison within rows between prattnent and month 12 within either T2DM or non-diabgroups
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Figure 6.21 Serum IL-6 levels in subjects with peodontitis pre- and post NSM
for both T2DM and non-diabetic subjects
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Boxplots of serum IL-6 levels pre- and post NSMirbjects with periodontitis in both
T2DM subjects (pre-treatment n=46, month 3 n=32ntm® n=30, month 12 n=26)
and non-diabetic subjects (pre-treatment n=45, m8mt=38, month 6 n=38, month
12 n=34) Statistics: Friedman test with Wilcoxon post haat t&0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-datic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxraries.e outlier more
than 1.5 but less than 3 times the IQR from the lbmxndaries.
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Figure 6.22 Serum TNFe levels in subjects with periodontitis pre- and pas
NSM for both T2DM and non-diabetic subjects
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Boxplots of serum TNFe:levels pre- and post NSM in subjects with periddisnin
both T2DM subjects (pre-treatment n=46, month 323#3onth 6 n=30, month 12
n=26) and non-diabetic subjects (pre-treatment natmth 3 n=38, month 6 n=38,
month 12 n=34)Statistics: Friedman test with Wilcoxon post hast t&0.05,
**p<0.01, ***p<0.001(according to time within T2DMr non-diabetic group); Mann-
Whitney U tesf p<0.05,%® p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at
each time point)o outlier more than 3 times the IQR from the boxdaries.e

outlier more than 1.5 but less than 3 times the @R the box boundaries.
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Figure 6.23 Serum IL-1B levels in subjects with periodontitis pre- and pas
NSM for both T2DM and non-diabetic subjects
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Boxplots of serum IL-f levels pre- and post NSM in subjects with periddiznin

both T2DM subjects (pre-treatment n=46, month 323#3onth 6 n=30, month 12
n=26) and non-diabetic subjects (pre-treatment natmth 3 n=38, month 6 n=38,
month 12 n=34)Statistics: Friedman test with Wilcoxon post hast t&0.05,
**p<0.01, ***p<0.001(according to time within T2DMr non-diabetic group); Mann-
Whitney U tesf p<0.05,% p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at
each time point)o outlier more than 3 times the IQR from the box daries.e

outlier more than 1.5 but less than 3 times the @R the box boundaries.
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Serum 6.24  Serum IFNy levels in subjects with periodontitis pre- and pas
NSM for both T2DM and non-diabetic subjects
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both T2DM subjects (pre-treatment n=46, month 323#3onth 6 n=30, month 12
n=26) and non-diabetic subjects (pre-treatment natmth 3 n=38, month 6 n=38,
month 12 n=34)Statistics: Friedman test with Wilcoxon post hast t&0.05,
**p<0.01, **p<0.001(according to time within T2DMr non-diabetic group); Mann-
Whitney U tesf p<0.05,%® p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at
each time point)o outlier more than 3 times the IQR from the box daries.e

outlier more than 1.5 but less than 3 times the @R the box boundaries.
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6.2.4.2 Saliva cytokine data
Table 6.9 and Figures 6.28 to 6.28 summarise theasaytokine data following
non-surgical periodontal management for patients W2DM and periodontitis and

non-diabetic patients with periodontitis.

When considering II-6 levels in saliva, no sigrafit differences were found
between T2DM and non-diabetic subjects, exceptattim3, when non-diabetic
subjects [1.96 (1.17-8.07) pg/ml] had significaritlgher levels of IL-6 in saliva
compared to subjects with T2DM [0.90 (0.43-3.79 In subjects with T2DM,
compared to pre-treatment levels, no changes iveskl-6 were demonstrated at 6 and
12 months. In subjects with T2DM, at month 12 [40®&2-6.96) pg/ml] an apparent
increase was found in IL-6 levels compared to peatiment levels [2.29 (1.27-4.83)
pg/ml], however, the Bonferroni-Holm correctionm#alues for multiple comparisons
placed the critical p-value at 0.017, therefores thifference was reported as a trend
(p=0.04). In non-diabetic subjects, no significalndnges in serum IL-6 levels were

demonstrated following NSM at any time-point (Taél@ and Figure 6.25).

With regards to saliva TNE; pre-treatment and month 3 levels were
significantly higher in non-diabetic subjects [23918-3.97) pg/ml and 2.58 (1.62-
4.52) pg/ml] compared to subjects with T2DM [1.886(L-3.08) pg/ml and 0.66 (0.26-
1.53) pg/ml]. At month 6 and month 12, no differesdn saliva TNFe levels were
found between T2DM and non-diabetic subjects. jexis withT2DM, compared to
pre-treatment levels [1.58 (0.61-3.08) pg/ml],\sall NF levels showed significant
reductions following NSM at 3 months [0.66 (0.263). pg/ml], however conversely a
significant increase was noted at month 12 [2.885:4.32) pg/ml]. Similarly, in non-
diabetic subjects, compared to pre-treatment |g2ek® (1.18-3.97) pg/ml], saliva
TNF-a levels, showed a reduction at month 6 [1.59 (R@3) pg/ml], however, this

change failed to reach statistical significanceb{&#®.9 and Figure 6.26).
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With regards to saliva ILfl, pre-treatment and month 3 levels were
significantly higher in non-diabetic subjects [6239.20-97.10) pg/ml and 55.75
(21.03-96.15) pg/ml] compared to T2DM subjects §38(20.45-68.28) pg/ml and
19.00 (6.96-50.55) pg/ml]. For T2DM subjects, coneplato pre-treatment levels
[38.65(20.45-68.28)], saliva ILglshowed a reduction at month 3 [19.00 (6.96-50.55)
pg/ml], however, the Bonferroni-Holm correctionm#alues for multiple comparisons
placed the critical p-value at 0.017, therefores thifference was reported as a trend
(p=0.043). In non-diabetic subjects, compared &tpatment levels [62.60 (39.20-
97.10) pg/ml], saliva IL-f showed apparent reductions at month 3[55.75 (2960B5)
pg/ml], month 6 [38.55 (21.43-67.80) pg/ml] and rioh2 [48.20 (27.10-86.20)
pg/ml], although these differences failed to resigttistical significance. (Table 6.9 and

figure 6.27).

For saliva IFNy, pre-treatment and month 3 levels, were signitigamigher in
non-diabetic subjects [1.55 (0.86-2.24) pg/ml ar&610.86-1.85) pg/ml] compared to
subjects with T2DM [0.86 (0.47-1.60) pg/ml and 0(835-0.78) pg/ml]. In subjects
with T2DM, compared to pre-treatment [0.86 (0.486).pg/ml], saliva IFNy levels
were significantly reduced at 3 months [0.43 (002B8) pg/ml], however conversely a
significant increase was noted at month 12 [1.603-2.69) pg/ml]. For non-diabetic
subjects, compared to pre-treatment [1.55 (0.88)28/ml], saliva IFNy levels were
reduced at 6 months [0.83 (0.42-1.88) pg/ml], haavethe Bonferroni-Holm correction
of p-values for multiple comparisons placed théaal p-value at 0.017, therefore, this

difference was reported as a trend (p=0.04) (T&lfleand Figure 6.28).



Table 6.9 Saliva cytokine data in subjects with pedontitis pre- and post NSM for both T2DM and non-diabetic subjects

Pre-treatment Month 3 Month 6 Month 12
T2DM Non-diabetic T2DM Non-diabetic T2DM Non-diabetic T2DM Non-diabetic p-value
subjects subjects subjects subjects subjects subjects subjects subjects
(n=48) (n=43) (n=33) (n=39) (n=30) (n=38) (n=26) (n= 35)
Saliva IL-6  2.29 (1.27-  2.41(0.95- 0.90(0.43- 1.96 (1.17- 1.59(0.87- 1.48(0.79- 4.06 (1.62- 1.68 (1.13- $<0.05
(pg/ml) 4.83) 7.29) 3.79¥ 8.07) 4.35) 3.21) 6.96) 3.42)
Saliva TNF- 1.58 (0.61- 2.59(1.18- 0.66 (0.26- 2.58(1.62- 1.45(0.93- 1.59 (1.00- 2.88(1.25- 2.73(1.41- #13<0.05
a (pg/ml) 3.08)""® 3.97) 1.53) 4.52) 2.36) 3.83) 4.32) 3.54)
Saliva IL-1p 38.65 (20.45- 62.60 (39.20- 19.00 (6.96- 55.75 (21.03- 32.45 (14.28- 38.55 (21.43- 64.60 (26.88- 48.20 (27.10-  %<0.05
(pg/ml) 68.28Y 97.10) 50.55f 96.15) 88.40) 67.80) 121.50) 86.20)
Saliva IFN-y 0.86 (0.47- 1.55(0.86- 0.43(0.25- 1.26(0.86- 0.88 (0.56- 0.83(0.42- 1.61(1.03- 1.30(0.80- '<0.001
(pg/ml) 1.60)""* 2.24) 0.78f 1.85) 1.64) 1.88) 2.69) 1.96) $#20.01

P-values were determined using Friedman test withdkbn post hoc test for continuous parametrigaldes compared over time and Mann-
Whitney U test for continuous non-parametric datapared at each time point. Median (IQR) is pressbas all the data were non-parametric.

indicates a comparison within rows between of T2&M non-diabetic groups at a specific time point
indicates a comparison within rows between prattnent and month 3 within either T2DM or non-diabgtoups
indicates a comparison within rows between pratitnent and month 6 within either T2DM or non-diabgtoups
indicates a comparison within rows between prattnent and month 12 within either T2DM or non-diabgroups

—+ =2 H# &
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Figure 6.25 Saliva IL-6 levels in subjects with pedontitis pre- and post NSM
for both T2DM and non-diabetic subjects
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Boxplots of saliva IL-6 levels pre- and post NSMsimbjects with periodontitis in both
T2DM subjects (pre-treatment n=48, month 3 n=33ntm® n=30, month 12 n=26)
and non-diabetic subjects (pre-treatment n=43, m8mt=39, month 6 n=38, month
12 n=35) Statistics: Friedman test with Wilcoxon post hast te0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-datic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxdaries.e outlier more
than 1.5 but less than 3 times the IQR from the lbmxndaries.
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Figure 6.26 Saliva TNFe levels in subjects with periodontitis pre- and pads
NSM for both T2DM and non-diabetic subjects
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Boxplots of saliva TNFe levels pre- and post NSM in subjects with periddisnin
both T2DM subjects (pre-treatment n=48, month 3)=:3onth 6 n=30, month 12
n=26) and non-diabetic subjects (pre-treatment naddhth 3 n=39, month 6 n=38,
month 12 n=35)Statistics: Friedman test with Wilcoxon post hast t&0.05,
**p<0.01, **p<0.001(according to time within T2DMr non-diabetic group); Mann-
Whitney U tesf p<0.05,%® p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at
each time point)o outlier more than 3 times the IQR from the boxtaries.e

outlier more than 1.5 but less than 3 times the @R the box boundaries.
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Figures 6.27 Saliva IL-PB levels in subjects with periodontitis pre- and pasNSM
for both T2DM and non-diabetic subjects
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Boxplots of saliva IL-B levels pre- and post NSM in subjects with peridd@nin

both T2DM subjects (pre-treatment n=48, month 33 #3onth 6 n=30, month 12
n=26) and non-diabetic subjects (pre-treatment nmtthth 3 n=39, month 6 n=38,
month 12 n=35)Statistics: Friedman test with Wilcoxon post hast t&0.05,
**p<0.01, **p<0.001(according to time within T2DMr non-diabetic group); Mann-
Whitney U tesf p<0.05,%® p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at
each time point)o outlier more than 3 times the IQR from the box daries.e

outlier more than 1.5 but less than 3 times the @R the box boundaries.
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Figure 6.28 Saliva IFNy levels in subjects with periodontitis pre- and pas
NSM for both T2DM and non-diabetic subjects
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both T2DM subjects (pre-treatment n=48, month 3)=:3onth 6 n=30, month 12
n=26) and non-diabetic subjects (pre-treatment naddhth 3 n=39, month 6 n=38,
month 12 n=35)Statistics: Friedman test with Wilcoxon post hast t&0.05,
**p<0.01, **p<0.001(according to time within T2DMr non-diabetic group); Mann-
Whitney U tesf p<0.05,% p<0.01,%%%<0.001 (T2DM versus non-diabetic groups at
each time point)o outlier more than 3 times the IQR from the boxtaries.e

outlier more than 1.5 but less than 3 times the @R the box boundaries.
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6.2.4.3 GCF cytokine data
Table 6.10 and Figures 6.29 to 6.32 summarise @ &tokine data following
non-surgical periodontal management for patients W2DM and periodontitis and

non-diabetic patients with periodontitis.

When considering IL-6 levels in GCF, no significaifferences were found
between T2DM and non-diabetic subjects, exceptattim6, when non-diabetic
subjects [1.51 (0.94-2.34) pg/ml] had significaritlgher levels of IL-6 in GCF
compared to subjects with T2DM [0.89 (0.14-1.80)ngd In subjects with T2DM,
compared to pre-treatment levels [1.97 (0.98-5p47inl], IL-6 in GCF showed
significant reductions at month 3 [1.03 (0.51-2.@)ml], month 6 [0.89(0.14-1.80)]
and month 12 [1.03 (0.34-2.17) pg/ml]. In non-di&bsubjects, compared to pre-
treatment levels [2.25(1.12-3.37)] IL-6 in GCF slealsignificant reductions at month
6 [1.51 (0.94-2.34) pg/ml] and non-significant retlons was also seen at month 3
[1.96 (0.93-3.32) pg/ml] and month 12 [1.28 (0.5873 pg/ml] (Table 6.10 and Figure

6.29).

For TNF levels in GCF, no significant differences wererfdibbetween T2DM
and non-diabetic subjects, except at month 6, wioendiabetic subjects [4.36 (2.21-
7.55) pg/ml] had significantly higher levels of G.in GCF compared to subjects with
T2DM [2.03 (0.65-3.80) pg/ml]. In subjects with TRIDcompared to pre-treatment
levels [4.16 (2.72-6.69) pg/ml], TNé&4in GCF showed significant reductions at month
3[3.59 (1.28-10.37) pg/ml], month 6 [2.03 (0.6863. pg/ml] and month 12 [1.74
(0.96-3.45) pg/ml]. In non-diabetic subjects, congplato pre-treatment levels [4.49
(2.55-7.04) pg/ml], saliva IL{f1showed apparent reduction at month 12 [2.35 (1.09-
3.55) pg/ml], although this difference failed t@ch statistical significance (Table 6.10

and Figure 6.30).
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When considering IL{1 levels in GCF, no significant differences wererfdu
between T2DM and non-diabetic subjects at any fmiets. In subjects with T2DM
compared to pre-treatment levels [344.33 (156.1865)) pg/ml], IL-B in GCF
showed significant reductions at month 3 [180.0%%8-382.93) pg/ml], month 6
[116.35 (48.71-206.56) pg/ml] and month 12 [17555.54-366.95) pg/ml]. Similarly,
in non-diabetic subjects compared to pre-treatrieseds [413.38 (213.83-770.56)
pg/ml] IL-1B in GCF showed significant reductions at month&[25 (90.85-350.75)
pg/ml], month 6 [150.60 (77.56-268.32) pg/ml] andnth 12 [184.25 (77.51-291.71)

pg/ml] (Table 6.10 and Figure 6.31).

For IFN-y levels in GCF, no significant differences wererfdlbbetween T2DM
and non-diabetic subjects, except before treatmdrgn non-diabetic subjects [4.40
(2.18-7.09) pg/ml] had significantly higher levelisINF-y in GCF compared to subjects
with T2DM [2.15 (1.11-5.24) pg/ml]. In subjects wiT2DM, compared to pre-
treatment levels [2.15 (1.11-5.24) pg/ml], sali#&lly showed a significant reduction at
month 6 [0.85 (0.23-1.89) pg/ml] and a non-sigmifitreduction at month 3 [1.29
(0.35-3.46) pg/ml] and month 12 [1.62 (0.64-3.3@)pl]. In non-diabetic subjects,
compared to pre-treatment levels [4.40 (2.18-7p@@nl], saliva IFNy showed a
significant reduction at month 3 [2.54 (0.92-4.8@)ml], month 6 [2.21 (1.41-4.23)

pg/ml] and month 12 [1.43 (0.50-2.46) pg/ml] (Tablé0 and Figure 6.32).



Table 6.10

GCF cytokine data in subjects with peadontitis pre- and post NSM for both T2DM and non-dabetic subjects

Pre-treatment Month 3 Month 6 Month 12
T2DM Non-diabetic T2DM Non-diabetic T2DM Non-diabetic T2DM Non-diabetic p-value
subjects subjects subjects subjects subjects subjects subjects subjects
(n=48) (n=47) (n=35) (n=38) (n=36) (n=38) (n=28) (n=36)
GCF vol (ul) 0.50 (0.38- 0.51(0.34- 0.29 (0.20- 0.46 (0.28- 0.41 (0.34- 0.34 (0.23- 0.40 (0.29- 0.43 (0.30- "<0.01
0.67)* 0.68) 0.46) 0.59) 0.53) 0.66) 0.58) 0.64) %<0.001
GCF IL-6 1.97 (0.98- 2.25 (1.12- 1.03 (0.51- 1.96 (0.93- 0.89 (0.14- 1.51 (0.94- 1.03 (0.34- 1.28 (0.56- 14<0.05
(pg/ml) 5,17y 3.37) 2.70) 3.32) 1.80¥ 2.34) 2.17) 3.77) #1<0.001
GCF TNF-a 4.16 (2.72- 4.49 (2.55- 3.59 (1.28- 4.82 (2.45- 2.03 (0.65- 4.36 (2.21- 1.74 (0.96- 2.35 (1.09- "1<0.001
(pg/ml) 6.69)"" 7.04Y 10.37) 7.56) 3.80f 7.55) 3.45) 3.55)
GCF IL-1p 344.33 413.38 180.05 (68.98- 166.25 (90.85- 116.35 (48.71- 150.60 (77.56- 175.65 (58.54- 184.25 (77.51- '<0.001
(pg/ml) (156.16- (213.83- 382.93) 350.75) 206.56) 268.32) 366.95) 291.71) #1<0.01
572.50%"1 770.56§"1
GCF IFN-y 2.51 (1.11- 4.40 (2.18- 1.29 (0.35- 2.54 (0.92- 0.85 (0.23- 2.21 (1.41- 1.62 (0.64- 1.43 (0.50- 14<0.05
(pg/ml) 5.24)® 7.09y " 3.46) 4.87) 1.89% 4.23) 3.37) 2.46) 1<0.01

P-values were determined using Friedman test withdkbn post hoc test for continuous parametrigaldes compared over time and Mann-

Whitney U test for continuous non-parametric datapared at each time point. Median (IQR) is presstas all the data were non-parametric.

¥ indicates a comparison within rows between of T2&8M non-diabetic groups at a specific time point
indicates a comparison within rows between prattnent and month 3 within either T2DM or non-diabgtoups
indicates a comparison within rows between pratitnent and month 6 within either T2DM or non-diabgtoups

#
1
t

indicates a comparison within rows between prattnent and month 12 within either T2DM or non-diabgroups
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Figure 6.29 GCF IL-6 levels in subjects with periodntitis pre- and post NSM for
both T2DM and non-diabetic subjects
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Boxplots of GCF IL-6 levels pre- and post NSM ibgcts with periodontitis in both
T2DM subjects (pre-treatment n=48, month 3 n=35ptm& n=36, month 12 n=28) and
non-diabetic subjects (pre-treatment n=47, montk33, month 6 n=38, month 12
n=36) Statistics: Friedman test with Wilcoxon post haat t&0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-datic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxdaries.e outlier more

than 1.5 but less than 3 times the IQR from the lbmxndaries.
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Figure 6.30 GCF TNFw levels in subjects with periodontitis pre- and pasNSM
for both T2DM and non-diabetic subjects
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Boxplots of GCF TNFa levels pre- and post NSM in subjects with periadsnin both

T2DM subjects (pre-treatment n=48, month 3 n=35ptm& n=36, month 12 n=28) and

non-diabetic subjects (pre-treatment n=47, monik3, month 6 n=38, month 12
n=36) Statistics: Friedman test with Wilcoxon post haat t&0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-datic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxaries.e outlier more
than 1.5 but less than 3 times the IQR from the lbmxndaries.
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Figure 6.31 GCF IL-1p levels in subjects with periodontitis pre- and pasNSM
for both T2DM and non-diabetic subjects
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Boxplots of GCF IL-B levels pre- and post NSM in subjects with periddisnn both
T2DM subjects (pre-treatment n=48, month 3 n=35ptm& n=36, month 12 n=28) and
non-diabetic subjects (pre-treatment n=47, montk33, month 6 n=38, month 12
n=36) Statistics: Friedman test with Wilcoxon post haat t&0.05, **p<0.01,
***p<0.001(according to time within T2DM or non-diatic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxtaries.e outlier more

than 1.5 but less than 3 times the IQR from the lbmxndaries.
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Figure 6.32 GCF IFNy levels in subjects with periodontitis pre- and pasNSM

for both T2DM and non-diabetic subjects
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Boxplots of GCF IFNy levels pre- and post NSM in subjects with periddisnn both

T2DM subjects (pre-treatment n=48, month 3 n=35ptm& n=36, month 12 n=28) and

non-diabetic subjects (pre-treatment n=47, montk33, month 6 n=38, month 12
n=36) Statistics: Friedman test with Wilcoxon post haat t&0.05, **p<0.01,

***p<0.001(according to time within T2DM or non-diatic group); Mann-Whitney U
test® p<0.05,%® p<0.01,3%%<0.001 (T2DM versus non-diabetic groups at eauk ti
point). o outlier more than 3 times the IQR from the boxtaries.e outlier more

than 1.5 but less than 3 times the IQR from the lbmxndaries.
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6.3 Discussion

Changes in BMI

In this study, it is clear that obesity, as defibgdBMI, is closely linked to the
presence of T2DM. At each time point, BMI was sigaintly higher in subjects with
T2DM compared to non-diabetic subjects (Table éd kigure 6.1). Similarly, a
greater proportion of subjects classified as ola@skemorbidly obese were found in the
T2DM group compared to the non-diabetic group ahdsme point (Table 6.1). This
reflects previous research that clearly demonsralbesity as a risk factor for T2DM
(Lundgrenet al., 1989; Charet al., 1994; Carewt al., 1997; Wangt al., 2005).
Furthermore, in the present study, subjects witbNlZhow a significant reduction in
BMI from pre-treatment [33.0 (29.9-36.5) kdflno month 6 [31.0 (27.6-34.8) kgfin
and month 12 [31.6 (28.7-34.5) kdmHowever, further analysis of the number of
subjects within each BMI category at each time psuggests there is potentially a
higher drop-out of obese and morbidly obese subjgminpared to the non-obese
subjects, perhaps contributing to the apparentatetuin BMI seen in subjects with
T2DM following periodontal management. It is thenef difficult to draw clear
conclusions about actual weight loss following péantal treatment, however, the

impact of periodontal treatment on weight reductanlikely to be significant.

Changes in biochemistry data

Within T2DM subjects, the risk of diabetic complicas is strongly associated
with previous hyperglycaemia and a 1% reductioHliA1c has been associated with a
21% risk reduction in diabetic complications (Sat2000). In the present study pre-
treatment HbAlc levels [7.5 (6.7-9.2)%] showeddurtion at month 3 [7.05 (6.6-

9.5)%] and month 12 [7.1 (6.6-7.4)%], which is duetion of 0.45% and 0.40%
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respectively, although these reductions did nathresatistical significance (Table 6.3
and Figure 6.3). This is in line with past studiésomsudthit al., 2005; Jonest al.,
2007; Correat al., 2010). In one study, pre-treatment HbAlc ley@i88+0.88%]
showed a non-significant decrease in HbAlc at 3thw}f8.79+1.24%)] in subjects
receiving periodontal treatment (n=27) and a nigniicant rise from pre-treatment
[9.17£1.02%] to month 3 [9.28+1.50%)] in subjectsai@ing no treatment (n=25)
(Promsudthet al., 2005). In a larger RCT, at 4 months no signifiadifferences in the
change in HbAlc was showed when subjects recepenigdontal treatment (n=83)
were compared against untreated subjects (n=8&),that, the mean HbAlc change in
the treatment group was -0.65% compared to -0.51&a untreated group (Jorets

al., 2007). However, other studies suggest that cbatneeriodontal infection
significantly does improve metabolic control (Stetxahal., 2001; Rodriguest al.,

2003; Kiranet al., 2005; O'Connel¢t al., 2008; Kardeslegt al., 2011). In one such
study, pre-treatment HbAlc levels [7.31+0.74%]wsb0 a significant decrease at 3
months [6.51+0.80%] in subjects receiving periodbtreatment (n=22) and a non-
significant rise from pre-treatment [7.00£0.72%onth 3 [7.31+2.08%] in subjects
receiving no treatment (n=22) (Kirahal., 2005). Interestingly, the 0.45 % and 0.40%
reductions in HbAlc seen in this study followingM&re comparable to data from the
most recent meta-analysis which showed that wherpaoed against no treatment or
usual treatment, NSM gave a statistically significd.40% HbA1c reduction (p=0.04)
(Simpsoret al., 2010). Within the current study, at month 12 ¢heas a reduction in
the number of T2DM subjects categorised as havrag glycaemic along with a
concurrent increase in the number of subjects oatayl as having moderate glycaemic
control, making it unlikely that the reduction irbAlc seen at month 12 was due to

drop of subjects categorised as having poor glycaeantrol.
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In some studies, changes in HbAlc data followingogental management
were assessed separately in well controlled andypoontrolled T2DM patients (Dag
et al., 2009; Kardesleet al., 2010; Santost al., 2010), with one study demonstrating
significant reductions only in well controlled T2D8dibjects (Dag et al., 2009), another
study demonstrating significant reductions onlpaorly controlled T2DM subjects
(Kardesleret al., 2010) and a further study showing no change iAHhin either group
(Santos et al., 2010). In our study, in T2DM patenith poorer initial glycaemic
control, as indicated by HbALe7.5%, there was a 1.9 % reduction in HbAlc levels
from pre-treatment [9.2 (8.3-10.2)%] to month 123[{7.1-8.7)%)], although, the
reduction did not reach statistical significanceat#fication of subjects based on
HbAlc was not built into the recruitment strategythe current study and to prevent
low n values in groups, data were not subsequstridyified when analyses were

performed.

Taken collectively, data from this present studg previous studies would
appear to support that non-surgical periodontalagament can produce an overall
positive effect on glycaemic control. However, thwsuld need to be confirmed in an
interventional study with sufficient number of sedfjs to account for variations inherent
in HbAlc between patients. Additionally, the metludgberiodontal therapy used in the
future studies should also be carefully considelredome of previous studies
evaluating the impact of periodontal therapy on HbAhe NSM was supplemented
with local (lwamotcet al., 2001) or systemic (O'Connelial., 2008) antibiotic
administration. In this regard it is important tigtlight the fact that tetracycline and its
derivatives may act directly on insulin product(@in et al., 2002) and thus some of
the reductions of HbAlc following therapy in sostedies could be due to the

antibiotic per se not only due to improvementsenqxontal health. Also, the current
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mainstay of periodontal management, particularlhenUK, is non-surgical
management and given there is insufficient evidéacecommend the routine use of
systemic antibiotics in the treatment of periodis{iSanz and Teughels, 2008), the
method of periodontal therapy used in researchldhetlect this and thus allow

generalisation of the results to the general pdjouia

Data from the present study showed that, at eawh pioint, HDL, non-HDL
and total cholesterol were significantly highenon-diabetic subjects compared to
subjects with T2DM (Table 6.3). This is not surprig given that the management of
raised levels of serum lipids is a key priority it the national management guidelines
for T2DM (NICE, 2008). Conversely, levels of triggrides were significantly higher in
subjects with T2DM compared to non-diabetic sulsj@ttpre-treatment, month 3 and
month 12. Caution must, however, be used whengreggng this result given that the
serum samples taken as part of this study weréasthg samples, and food intake can
lead to sharp rises in triglycerides levels. Paddigt T2DM subjects may have
demonstrated raised levels of triglycerides dumooe regular eating patterns.
However, this cannot be confirmed within the présténdy as data regarding dietary
intake were not collected. Data from the presardystiid not however, confirm
previous research. One study found no signific#ferénces between T2DM (well and
poorly controlled) and non-diabetic subjects at amg points, except for LDL which
was lower in well controlled T2DM compared to pgacbntrolled T2DM patients
(Kardesleret al., 2010) and another study found no differencesighyteride and total
cholesterol when diabetic subjects were comparewmnediabetic subjects (Christgau et

al., 1998).

The present study also assessed the effect of wagnoeeriodontal health on

serum lipid profiles in subjects with T2DM and petontitis, however, no changes
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were demonstrated in levels of triglycerides, HDan-HDL and total cholesterol
following NSM (Table 6.3). This corroborates datanh previous studies that
demonstrated minimal changes in lipid profilesubjects withT2DM following NSM
(Christgauet al., 1998; Kiranet al., 2005; Kardeslegt al., 2010). Given that most
T2DM subjects are likely to already receive intgesnanagement of raised serum lipid
levels as part of their T2DM management, the s¢optirther improvements in serum
lipid profiles as a result of improved periodortieklth is likely to be minimal.
Interestingly, in the current study, a significaedluction in non-HDL and total
cholesterol was demonstrated in non-diabetic stb@months after treatment (Table
6.3). This supported a recent small study of subj@ith hyperlipidemia and
periodontitis that found that significant reducsan LDL and total cholesterol were
demonstrated after NSM (Fentoglu et al., 2010)eGithe potential role of serum lipids
in the relationship between systemic disease arnddmmtitis (lacopino and Cutler,
2000), further studies are required to clarify ¢fiect of periodontal healing on lipid

profiles in subjects with and without diabetes.

Data from the present study demonstrated a reduitibsCRP levels at month
12 compared to pre-treatment levels in subjects WaDM (2.1 (0.9-4.6) mg/L to
1.5(0.7-3.1) mg/L and non-diabetic subjects (2.3-4.3) mg/L to 1.6 (0.7-2.9) mg/L,
however, the reductions failed to reach statissagtificance (Table 6.3 and Figure
6.8). This is in line with previous studies thatastrated similar non-significant
reductions in hsCRP following periodontal therapyPDM subjects (Christgast al.,
1998; Correat al., 2010; Kardeslegt al., 2010). The wide variations in CRP levels
seen in the current study are likely to be dudéornton-specific nature of CRP as
marker of systemic inflammation. In addition to TM2nd periodontitis, many other

systemic conditions may impact upon CRP levelsteartsient increases in CRP can
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occur with acute illness and thus a single measeinémay not represent the true basal
levels of CRP. Although at recruitment stage, paisigvith serious systemic illnesses
were excluded from the study, extending exclusiiterta has to be weighed up against
the effect it will have on recruitment of subjeatsd how effectively the research results
can then be generalised to larger populations.€Fbe, to clarify the effect of
periodontal healing on systemic CRP levels in stibjeith T2DM, it would be more
appropriate to account for the variations seenRP®y using the data generated from
this and other studies to estimate, more accuratetynumber of subjects required in a

future studies.

Changes in Periodontal parameters

The significant reductions in all clinical periodahparameters (BOP, mGil, PI,
mean PD, PESA, PISA, % PD sitgsmm) at each post- treatment follow-up time
point, in both diabetic and non-diabetic subjeictdicate that non-surgical periodontal
treatment was effective and this post-treatmermiaese was maintained for 12 months
following initial treatment. Furthermore, in adaditi to the significant reductions in all
clinical periodontal parameters seen in both T2DM aon-diabetic patients, few
differences were found when comparing between gr@agh time point, confirming
that NSM was effective regardless of diabetes stdthis is in line with data from
previous research that demonstrates significantamgments in clinical periodontal
parameters following periodontal management inexttbjwith T2DM (Rodriguest al.,
2003; Kiranet al., 2005; Correat al., 2008; O'Connel¢t al., 2008; Daget al., 2009;

Correaet al., 2010; Kardeslegt al., 2010; Santost al., 2010; Kardesleet al., 2011).

Previously, in a number of small studies, the chhperiodontal response to
different treatment therapies has been investigatsedbjects with T2DM (Rodrigues

al., 2003; O'Conneltt al., 2008; Correat al., 2010). One study of subjects with T2DM
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and periodontitis (n=23) showed after NSM, compdoegre-treatment levels of BOP
[90.4£10.5%], mean PD [4.2+1.0 mm], mean CAL [5.48thm], % PD sites 5 mm
[38.0£22.8 %] significant reductions were seen atdhths post treatment in BOP
[28.9£16.5%], mean PD [2.8+0.4 mm], mean CAL [4.8+fhm], % PD sites 5 mm
[7.5£6.8%] (Correat al., 2010). Another small study of 30 T2DM subjectsparing
the effect of 2 periodontal treatment therapiesagdtbsignificant improvements in
periodontal parameters at the 3 month follow updfiRyues et al., 2003). In the NSM
group, pre-treatment mean PD [2.7+0.7 mm] and B&#213%] were significantly
reduced at month 3 with mean PD [1.9£0.4 mm] and®BT5+9%] being recorded. In
the group receiving NSM plus antibiotics, pre-tneant mean PD [3.2+0.8 mm] and
BOP [32+15%)] were significantly reduced at montli8h mean PD [2.3+0.5 mm] and
BOP [11+7%)] being recorded. Furthermore, a comparksetween the groups also
failed to demonstrate significant differences iy ahthe clinical outcomes (Rodrigues
et al., 2003). A further small study of 30 T2DM gadis comparing 2 periodontal
treatment therapies showed significant improvemienperiodontal parameters at the 3
month follow-up (O'Connekt al., 2008). Once again, in the NSM group, pre-treatmen
mean PD [2.9£0.8 mm], number of PD site§ mm [12.6£14.1] and BOP
[49.1£18.5%] were significantly reduced at montwigh mean PD [2.1.9£0.3 mm],
number of PD sites6mm [3.7+2.6] and BOP [14.2+12.5%] being recordadhe

group receiving NSM plus antibiotics, pre-treatmeatan PD [3.0+0.5mm], number of
PD sitess6mm [7.5+5.2] and BOP [51.3+14.9%] were signifidgmeéduced at month 3
with mean PD [1.9+0.3mm], number of PD sitégnm [2.5+0.7] and BOP [8.91£4.8%)]
being recorded (O'Connedl al., 2008). In a further study, 44 T2DM subjects were
randomised to the treatment group, who receivedsoogical periodontal management

(n=22) or the control group that had no periodotredtment (n=22) (Kiran et al.,
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2005). At the 3 month time-point mean PD [2.3+0rBgan LOA [3.2+1.1] and BOP
[54.4£18.8], showed a significant improvement coredao pre-treatment mean PD
[1.8£0.3], mean LOA [2.8+1.0] and BOP [23.9£12./i]the treatment group but not in

the control group (Kiran et al., 2005).

Overall, data from these studies demonstrate a glidal response to
periodontal therapy in subjects with T2DM and ikig line with data from the current
study which shows that in subjects with T2DM conepltio pre-treatment levels BOP
[46.0(30.0-60.7)], mean PD [2.8(2.4-3.2)], mean L{3A1(2.8-3.9)] and % of PD sites
>5mm [10.9(8.1-18.2)] were significantly reducedrainth 3 with BOP [18.5(8.8-
38.0)] mean PD [2.4(2.2-2.9)], mean LOA [3.0(2.6)Band % of PD sites5mm
[5.3(1.8-9.9)]. However, the lack of a non-diabefioup for comparison is a limitation
of these previous studies and prevents conclusionsbeing made regarding the
clinical periodontal response to NSM in subject§wi2DM compared to non-diabetic
subjects. Furthermore, many of these studies releghean PD and mean CAL data to
describe the clinical response within the periodbtissues. Means fail to present data
about the either the % or number of sites with de®&b sites or the % of sites
displaying a reduction in PD and thus conclusidmauathe severity and extent of
periodontal disease in each group and how thisggsawith periodontal treatment

cannot be made.

A number of small studies have also investigatedctimical periodontal
response to non-surgical periodontal therapy igesid with T2DM compared to non-
diabetic subjects (Correshal., 2008; Daget al., 2009; Kardesleet al., 2010; Kardesler
et al., 2011). In a study of 23 subjects with T2DM andqguebontitis and 26 non-diabetic
subjects with periodontitis, both groups showedisigant improvements in the clinical

periodontal parameters after NSM. Therefore, ifestib with T2DM, pre-treatment
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BOP [94.4 (80.0-100.0)%], mean PD [3.8 (3.4-5.3)namd mean LOA [5.4 (4.4-
6.4)mm] showed a significant reduction at 90 dagrafiSM to BOP [25.6 (17.9-
32.7)%], mean PD [2.7 (2.4-3.0)mm] and mean LOA [®.7-5.3)mm]. Likewise, in
non-diabetic subjects pre-treatment BOP [74.8 (89.4)%], mean PD [3.6 (3.2-4.0)
mm] and mean LOA [4.5 (3.8-5.1) mm] showed a sigaiit reduction at 90 day after
treatment BOP [14.0 (9.1-19.2)%], mean PD [2.4-2& mm] and mean LOA [3.7
(3.5-4.5) mm] (Correat al., 2008). Another study of 20 subjects with T2DM &ad
non-diabetic patients all with periodontitis shoveaahilar improvements in clinical
periodontal variables at month 1 and month 3 &@M. In subjects with T2DM, pre-
treatment data [mean PD 3.9+0.5 mm, mean LOA 43Btin, Pl 99.7+1.2 and BOP
84.5£10.3%] showed significant improvements at rhdnfmean PD 3.0+0.8 mm,
mean LOA 4.1+1.0 mm, PI 38.3+£9.5 and BOP 32.5+1(.@86 month 3 [mean PD
2.9£0.6 mm, mean LOA 4.1+0.9 mm, Pl 39.8+16.3 a@PB31.5+10.5%]. Also in
non-diabetic subjects pre-treatment data [mean BE03H mm, mean LOA 4.2+0.6
mm, Pl 95.5+9.4 and BOP 67.2+13.5%] showed sigaifigmprovements at month 1
[mean PD 2.8+0.4 mm, mean LOA 3.5£0.6 mm, Pl 48.6#hd BOP 31.5+8.5 %] and
month 3 [mean PD 2.7£0.3 mm, mean LOA 3.5+0.6 mh382+9.2 and BOP

30.1+8.5%] (Kardesleet al., 2011).

In 2 further studies, the subjects with T2DM welsoastratified based on initial
glycaemic control (Dagt al., 2009; Kardesleet al., 2011). In one of these studies of
13 well controlled and 12 poorly controlled patewtth T2DM and periodontitis and
15 non-diabetic patients with periodontitis, thesere similar improvements in clinical
periodontal variables at month 1 and month 3 &teM. Therefore, in well controlled
T2DM subjects pre-treatment data [PD 3.7£0.4 mn9P4+5.4% and BOP

81.5£7.9%] showed significant improvements at mdnfRD 2.7+0.4 mm, PI
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37.9+11.1% and BOP 26.3£10.4%] and month 3 [PD@4&8#mm, Pl 35.6£8.7% and
BOP 25.4+6.9%)]. Likewise in poorly controlled T2Dddbjects, pre-treatment data [PD
4.1+1.0 mm, P199.7+£1.2% and BOP 86.0£12.3%] shosigdificant improvements at
month 1 [PD 3.0+£0.8 mm, PI 43.3£9.5 % and BOP 38.826] and month 3 [PD 3.1
+0.6 mm, Pl 44.2+6.3 % and BOP 40.6£8.2 %]. Alsmam-diabetic subjects, pre-
treatment data [PD 3.9£0.6 mm, Pl 95.5+£9.4% and B8&B+16.5%] showed
significant improvements at month 1 [PD 2.8+0.4 nith46.7+8.9 % and BOP
31.8+11.5%] and month 3 [PD 2.7+0.3 mm, P1 39.55%3and BOP 28.1+9.2%].
When the groups were compared, no significant idiffees were demonstrated at any
of the time points, except at month 1 and 3 subjetth poorly controlled T2DM
patients demonstrating significantly higher BOPtltze other 2 groups (Kardesktr

al., 2010). In the other study, 15 well controlled didpoorly controlled patients with
T2DM and periodontitis and 15 non-diabetic patiemitsr periodontitis showed similar
improvements in clinical periodontal variables aintih 3 after NSM. Therefore, in well
controlled T2DM subjects pre-treatment data [meBr2F+0.5 mm, mean LOA
4.3+0.8 mm, P1 1.8+0.7 and GI 1.0+0.3] showed digaint improvements at month 3
[mean PD 2.3+0.4 mm, mean LOA 3.0+0.8 mm, PI 0.2#hd GI 0.1+0.1]. Likewise
in poorly controlled T2DM subjects, pre-treatmeatad[mean PD 2.8+0.7 mm, mean
LOA 4.3£1.0 mm, P1 2.1+0.7 and Gl 1.3+0.4] showegh#gicant improvements at
month 3 [mean PD 2.4+0.6 mm, mean LOA 3.0+0.8 mh®.8+0.2 and GI 0.1+0.1].
Also in non-diabetic subjects pre-treatment datedmPD 2.6£0.4 mm, mean LOA
4.3+0.6 mm, P1 2.3+£0.5 and Gl 1.2+0.4] showed digaint improvements at month 3
[mean PD 2.4+0.7 mm, mean LOA 2.9+0.6 mm, Pl 0.2#hd GI 0.1+0.03] (Dagt

al., 2009).
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Collectively, the data from previous research iatks that NSM was equally as
effective in subjects with T2DM subjects as in ribabetic subjects. This is in line with
data from the current study which showed similgpriovements in clinical periodontal
variables at month 3, month 6 and month 12 afteMiNSor example, in subjects with
T2DM, pre-treatment data [mean PD 2.8 (2.4-3.2) mman LOA 3.1 (2.8-3.9) mm, PI
0.8 (0.5-1.1) and BOP 46.0 (30.0-60.7)%] showediBaant improvements at month 3
[mean PD 2.4 (2.2-2.9) mm, mean LOA 3.0 (2.6-3.6),iR1 0.5 (0.3-0.7) and BOP
18.5(8.8-38.0) %], month 6 [mean PD 2.2 (2.0-2.%),ymean LOA 2.8 (2.4-3.7) mm,
P1 0.6 (0.3-0.8) and BOP 15.3 (8.3-39.6) %] and thd2 [mean PD 2.2 (1.9-2.8) mm,
mean LOA 2.8 (2.4-3.6) mm, P1 0.5 (0.3-0.7) and BIOES (6.5-28.4) %]. Likewise, in
non-diabetic subjects pre-treatment data [mean B225-3.5) mm, mean LOA 3.5
(2.9-4.2) mm, PI1 0.6 (0.4-0.8) and BOP 43.0 (2%4¢p%] showed significant
improvements at month 3 [mean PD 2.6 (2.2-2.9) mean LOA 3.3 (2.8-3.9) mm,
P10.3 (0.1-0.6) and BOP 14.5 (10.3-27.0) %], mdhfmean PD 2.5 (2.1-2.9) mm,
mean LOA 3.1 (2.6-4.1) mm, P1 0.3 (0.1-0.6) and B3 (7.2-25.0) %] and month
12 [mean PD 2.3 (1.9-2.7) mm, mean LOA 3.1 (2.5-6ih, Pl 0.4 (0.2-0.8) and BOP

10.0 (5.1-24.2) %] (Table 6.6)

Within the current study, when subjects with T2DMrescompared to non-
diabetic subjects mean PD, mean LOA and BOP showesignificant differences
between groups at any time point. This corrobord#ta from 1 previous study that
showed no significant differences between subjedts and without T2DM at either
time points (Daggt al., 2009). However, the current study does not supfaia from 2
previous studies that showed significantly high@M mean PD and mean LOA in
subjects with T2DM compared to non-diabetic sulgjgctth before and after NSM

(Correaet al., 2008) and significantly higher BOP, mean PD measents and mean
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LOA in subjects with T2DM compared to non-diabetithjects at various time points
within the study (Kardeslest al., 2011). Furthermore, within the present studypdes
the reductions in Pl seen in both T2DM and non-gliglsubjects, Pl was significantly
higher in T2DM subjects compared to non-diabetlgetts at each time point,
indicating poorer oral care or increased plaquemctation in T2DM subjects. This is
in line with a previous study which demonstratettdsamprovements in plague levels,
gingival inflammation and BOP within the non-diabetubjects compared to the
T2DM subjects (Correet al., 2008). Caution must, however, be used when iregny
this result given the limitation that PI data, fraine current study, do not represent full
mouth assessments, but rather Pl scores from$asitd target teeth within each
subject. The higher Pl level in T2DM may, howewepresent a surrogate marker for
poorer lifestyle and general health managemeritporliving with T2DM may
negatively impact on a patient’s motivation forioml oral hygiene, given the patient’s

other competing healthcare needs.

Taken collectively, previous research and data fileencurrent study show that
NSM lead to significant improvements in the clinipariodontal status both in subjects
with and without T2DM (Correat al., 2008; Daggt al., 2009; Kardesleet al., 2010;
Kardeslert al., 2011). However, in the majority of previous saeslevaluating the
clinical response to NSM in subjects with T2DM, tkegiew period is 3 months (Kiran
et al., 2005; Correat al., 2008; O'Connel¢t al., 2008; Daget al., 2009; Kardeslegt
al., 2010; Kardesleet al., 2011) with only one previously published studingsa 6
month follow-up period (Santa al., 2010). Therefore conclusions from the currently
published literature regarding the effect of NSMatinical periodontal health are
limited to the short term. From the current literat no conclusions can be made about

long term clinical response to periodontal therepgubjects with T2DM. Given that
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periodontitis is a chronic condition, the lack ata beyond 3 months is a limitation.
Within the current study, the clinical periodontasponse to NSM was monitored at
months 3, 6 and 12 and, compared to pre-treatnatat 8ignificant improvements were
demonstrated at each time point for both T2DM sttbjand non-diabetic subjects

(Table 6.6).

Furthermore, previously published studies desdtibeclinical periodontal
response to NSM in subjects with T2DM using mean Ban LOA and % BOP
(Kiran et al., 2005; O'Connel¢t al., 2008; Daget al., 2009; Kardesleet al., 2010;
Santoset al., 2010; Kardesleet al., 2011). Whilst means provide a useful summary of
the data, they provide no specific information altbe extent and severity of the
periodontitis. Only two previous studies suppleredrthe mean clinical data with data
about the % of sites affected by specific probiegttis (Correat al., 2008; Corre&t
al., 2010). Therefore, one study showed that in stbjeith T2DM, the % PD sites
>7mm at pre-treatment [9.0 (1.0-22.0)%)] was sigaiiity reduced 90 days after NSM
[0.0 (0.0-1.0)%]. Likewise, in non-diabetic subgdhe % PD sites7mm at pre-
treatment [5.5 (3.0-14.0)%] were significantly redd 90 days after to [0.0 (0.0-0.0)%]
(Correaet al., 2008). Additionally, another study showed thasubjects with T2DM,
the % PD sitegs5mm at pre-treatment [38.0+22.8%] was significanéiguced at 3
months after NSM [7.5+£6.8%]. Data from the currstoidy shows that in subjects with
T2DM, the % of PD sites 5 mm at pre-treatment [10.9 (8.1-18.2)%] was s$icguntly
reduced at month 3 [5.3 (1.8-9.9)%], month 6 [3.89{9.7)%] and month 12 [3.0 (0.9-
8.9)%]. Similarly, in non-diabetic subjects, thed¥d®D sites> 5 mm at pre-treatment
[16.0 (8.0-30.8)%] was significantly reduced at rtto® [10.1 (5.8-19.0)%], month 6
[9.0 (3.2-19.5)%] and month 12 [3.2 (1.3-13.4)%dlfle 6.6). At pre-treatment, there

was an apparently higher % of PD site8 mm recorded in non-diabetic subjects [16.0
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(8.0-30.8)%] compared to subjects with T2DM [1(8BA€18.2)%], although the
difference failed to reach significance. After treant, the % of PD sites5 mm were
significantly higher in non-diabetic subjects atntio3 [10.1 (5.8)%] and month 6 [9.0
(3.2-19.5)%] compared to subjects with T2DM at nmaBii5.3 (1.8-9.9)%] and month 6
[5.3 (1.9-9.7)%]. When the impact of the pre-treattndifference between subjects with
T2DM and non-diabetic subjects was taken into astdbe differences found between
subjects with T2DM and non-diabetic subjects at théand month 6 failed to reach

significance (Table 6.6).

In an attempt to more fully describe the clinicapact of NSM in subjects with
T2DM compared to non-diabetic subjects data rejeinthe % of sites displaying
changes in PD and LOA were also presented in tbsept study (Table 6.7). For
example, in subjects with T2DM, the % of PD sitestreduced by 2 mm from pre-
treatment to month 3 was [11.0 (5.3-17.2)%], fra@peatment to month 6 was [12.0
(9.3-19.1)%] and from pre-treatment to month 12 ji&s6 (10.5-24.0)%)]. Likewise in
non-diabetic subjects, the % of PD sites that reddiy> 2 mm from pre-treatment to
month 3 was [12.3 (8.3-20.8)%], from pre-treatmeninonth 6 was [14.0 (9.3-19.4)%]
and from pre-treatment to month 12 was [18.0 (BB2)%]. When the changes in
subjects with T2DM were compared to those in nabsiic subjects, despite the
apparently higher % of reducing sites shown in d@aipetic subjects, no significant
differences were identified for any time period lflea6.7). Given that previous research
has demonstrated that greater reductions in PBese in deeper pockets (Cobb, 2002),
it is not unreasonable to propose that the morersgweriodontal disease present in the
non-diabetic subjects compared to subjects withMZDable 4.14) has led to the
apparently higher % of PD sites reducing®b¥ mm seen in non-diabetic subjects

compared to subjects with T2DM.
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As previously shown within this current study, PE@#a were able to detect
subtle differences in PD data that mean PD dakedféo detect (Table 4.14).
Furthermore, in the current study, PISA appearsflect both PD and BOP data within
a composite measure (Table 4.14). Given that inflatron within the periodontium has
the potential to contribute to the systemic inflaatony burden and thus influence the
pathogenic mechanisms present in T2DM, both PEQPASA data have been used in
this study to describe the clinical response to N8Mubjects with T2DM, pre-
treatment data [PESA 1401.5 (1144.3-1733.7 mant PISA 683.0 (439.1-1085.5)
mnv] showed significant reductions at month 3 [PES88.2 (1092.4-1543.9) nfm
and PISA 339.0 (145.4-688.3) rfifnmonth 6 [PESA 1159.7 (1010.1-509.0) mamd
PISA 340.1 (101.0-628.1) nfirand month 12 [PESA 1181.3 (930.3-1374.7) %hand
PISA 216.5 (87.1-539.4) nfin Similarly, in non-diabetic subjects, pre-treatthdata
[PESA 1711.0 (1439.4-2096.5) rhand PISA 897.3 (683.6-1232.9) rfirshowed
significant reductions at month 3 [PESA 1464.2 @L.091686.2) mrhand PISA 299.4
(159.5-536.5) mri}, month 6 [PESA 1402.9 (1139.8-1698.3) framd PISA 262.6
(89.0-514.8) mrfj and month 12 [PESA 1260 (983.7-1566.8) frand PISA 215.1
(62.5-520.3) mrfi. Also, when subjects with T2DM were compared onuiabetic
subjects PESA and PISA showed no significant difiees between groups at any time
point (Table 6.6). It would appear therefore, thatis study, PESA and PISA data
support the mean clinical data, demonstrating iwgmeents in clinical periodontal
variables at month 3, month 6 and month 12 aftdviNigat were similar in subjects
with and without diabetes. Currently, publishedad&iating to PESA and PISA is
cross-sectional, with no published studies curyamging PESA to describe the impact

of NSM upon the health of the clinical periodorttasues.

Changes in serum cytokines




6 Results 322

Previous studies have begun to describe the effeetducing periodontal
inflammation on circulating inflammatory cytokineveels (Ideet al., 2003; D'Aiutoet
al., 2004; Marcaccingt al., 2009), however, until recently few studies hadleated the
impact of periodontal therapy on circulating levelsnflammatory cytokines in
subjects with T2DM (lwamotet al., 2001; O'Connel¢t al., 2008; Daggt al., 2009;

Correaet al., 2010; Kardeslegt al., 2010).

In the current study, in subjects with T2DM and sthabetic subjects, pre-
treatment levels of IL-6 [0.51 (0.35-1.50) pg/mbtah59 (0.32-0.93) pg/ml] showed no
significant changes after NSM (Table 6.8). Thisgioet support results from some
previous studies in subjects with T2DM, which shsgnificant reductions in serum IL-
6 from pre-treatment level [2.1£0.3pg/ml] to 3 mwmpost-treatment [1.1+0.2pg/ml]
(O'Connellet al., 2008) or apparent reductions in pre-treatmerg levels [3.1 (2.1-

4.2) pg/ml] to month 3 [2.3 (1.2-4.5) pg/ml], altigh the changes failed to reach
statistical significance (Correshal., 2010). An additional study showed that in sulgect
with well controlled T2DM, pre-treatment levelssd#rum IL-6 were significantly
reduced at month 1 and 3 post-treatment and ndyetitasubjects also showed a
significant reduction in serum IL-6 levels at mo@thwith poorly controlled T2DM
subjects also demonstrating non-significant rednstiat month 1 and 3 (Kardeséer

al., 2010). Interestingly, within the current studgriem levels of IL-6 remained
consistently around the lower limits of detection the assay used, at a lower level than
reported in previous studies (O'Conretlél., 2008; Correa&t al., 2010; Kardesleet al .,

2010).

Within the present study, serum TNFpre-treatment levels [7.10 (3.25-9.30)
pg/ml] in subjects withT2DM showed significant retions at 3 months [3.70 (2.21-

6.72) pg/ml] and 6 months [3.86 (2.15-7.33) pg/@Mlble 6.8). This is in line with a
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previous study which shows pre-treatment serum aN&vels (9.2+3.33 pg/ml) and
(12.44+5.27 pg/ml) showed significant reduction8 atonths after NSM (7.75+2.52
pg/ml) and (10.25£3.68 pg/ml), in subjects with Meeintrolled and poorly controlled
T2DM respectively (Dag et al., 2009). In anothexdst in subjects with T2DM, serum
TNF-a levels showed a significant reduction from prextneent [3.77+£1.03pg/ml] to 1
month post-treatment [3.28+0.86 pg/ml] (wamotalet2001). In a separate study in
subjects with T2DM, pre-treatment plasma level$Nf-a [5.6 (4.3-7.4) pg/ml]

showed a significant reduction at 3 months postttnent [4.8 (2.7-6.7) pg/ml] (Correa
et al., 2010). However, a further study failed to showesignificant change in serum
TNF-o level from pre-treatment [0.0£0.3 pg/ml] to 3 mmafter NSM [0.0+0.2 pg/ml]
(O'Connellet al., 2008). In the current study however, non-diabsticjects shows
significant increases at 6 months [7.06 (5.59-8p&@inl] and 12 months [7.70 (6.71-
10.20) pg/ml] compared to pre-treatment serum ©Névels [3.44 (2.34-7.24) pg/ml]
(Table 6.8). This is not supported by data fronvimes studies which show, in non-
diabetic subjects, either reductions in serum ToNEvels from pre-treatment
(10.42+4.80pg/ml) to 3 months after NSM (7.72+4 &B8pl)] (Dag et al., 2009) or no
significant changes after NSM (ldeal., 2003; Kardesleet al., 2010). Possible reasons
for the relatively low pre-treatment TNElevels in serum being measured in non-
diabetic subjects could include seasonal variatiomeom temperature that occurred
during the quantification assays. Interestinglg, tajority of non-diabetic patients
were recruited within a short period of time, whareecruitment of subjects with
T2DM was slower and therefore spread over a lopgeod. However, as part of this
study data about the timing of blood sampling ardis cytokine analysis has not been
recorded and thus clear conclusions about the ingfaeasonal temperature variations

cannot be made.



6 Results 324

Overall, data from previous studies and the cursandy would appear to
suggest that in T2DM, a reduction in periodontlimmation may be associated with
a reduction in serum TNé&; which is potentially an important finding givemetrole of
inflammatory cytokines in the pathogenesis of T2BiWlI modulation of glycaemic
control. However, when comparing the pre-treatnheretls from published studies as
well as from the current study, there are cleaiatians in the levels of TNk-
presented. The use of different assays could patisrdccount for some of these
variations. Additionally, some studies used seramges whilst others used plasma
samples for quantifying circulating cytokine levelsth the possibility of the release of
blood cell contents potentially contributing to tkgel of cytokines in plasma samples,

providing another source for inter-study variatiamsytokine levels.

Changes in cytokines in saliva

Despite the recognition that saliva has the paétdiprovide important
complimentary information with regards to diagnasisl monitoring of periodontitis
(Miller et al., 2010), there is currently limited published Idnginal data evaluating the

impact of NSM on inflammatory cytokines in salivigektonet al., 2011).

In the present study, both non-diabetic subjeatkssajects with T2DM showed
that pre-treatment IL-6 levels in saliva [2.29 [@#£238) pg/ml and 2.41 (0.95-7.29)
pg/ml] did not change significantly after NSM (Tal8.9). Although pre-treatment
levels of IL-6 in saliva appear similar to previgupublished data in systemically
healthy subjects with periodontitis [3.6+5.9pg/f@ursoyet al., 2009), there are
currently no published longitudinal data, investiigg the impact of NSM on levels of

IL-6 in saliva.
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In the current study, in subjects with T2DM, preatment levels of TNk-in
saliva [1.58 (0.61-3.08) pg/ml] were significantgduced at month 3 [0.66 (0.26-1.53)
pg/ml], although at month 12 the level was sigmifitty increased [2.88 (1.25-4.32)
pg/ml]. In non-diabetic subjects, compared to peatiment levels of TNlk-in saliva
[2.59 (1.18-3.97) pg/ml] no significant changes evdetected after NSM (Table 6.9). In
comparison, one study evaluating changes in lefel$\NF-o in saliva in systemically
healthy subjects with periodontitis, reported digant reductions in TNFin saliva at
month 4 in subjects receiving OHI alone and subjesteiving NSM, although
numerical values were not published and the data mesented graphically,

preventing a direct comparison with data from theent study (Sextod al., 2011).

Additionally, in the present study, in subjectstwli2DM, pre-treatment levels
of IL-1p in saliva [38.65 (20.45-68.28) pg/ml] were reduaedonth 3 [19.00 (6.96-
50.55) pg/ml] (detected as a trend following cotimtof p-values for multiple
comparisons), although there was a non-significarease at month 12 [64.60 (26.88-
121.50) pg/ml]. In non-diabetic subjects, comparedre-treatment levels [62.60
(39.20-97.10) pg/ml], saliva ILflshowed apparent reduction at month 6 [38.55 (21.43
67.80) pg/ml] and month 12 [48.20 (27.10-86.20y/although these differences
failed to reach statistical significance (Table)6l8 comparison, one study evaluating
changes in levels of ILALin saliva in systemically healthy subjects witlipdontitis
reported significant reductions in I31n saliva at month 4 in subjects receiving OHI
alone and in subjects receiving NSM, although nucaévalues were not published and
the data were presented graphically, preventinigegtdcomparison with data from the

current study (Sextoet al., 2011).

Finally, in the current study, in subjects with T™@pre-treatment levels of IFN-

v in saliva [0.86(0.47-1.60)pg/ml] were significgnteduced at month 3 [0.43 (0.25-
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0.78) pg/ml], although there was a significant @ase at month 12 [1.61 (1.03-2.69)
pg/ml]. In non-diabetic subjects, compared to peatiment levels [1.55 (0.86-2.24)
pg/ml], saliva IFNy showed reductions at month 6 [0.83 (0.42-1.88nfg/detected as
a trend following correction of p-values for mulégomparisons) (Table 6.9).
However, levels of IFNrin saliva remained consistently around the loweit$ of

detection for the assay used and currently no gl data is available for comparison.

Overall, data from previous studies and the cursandy would appear to
suggests that in subjects with periodontitis, aicidn in periodontal inflammation may
be associated with a reductions in levels of Td\&ad IL-1B in saliva (Sextort al.,
2011). This would suggest that selected salivaoynlarkers may reflect the clinical
response to periodontal therapy. However, furtbegitudinal studies would be

required to clarify this.

Changes in cytokines in GCF

In subjects with T2DM, the current study demonstlahat pre-treatment GCF
levels of IL-6 [1.97 (0.98-5.17) pg/ml] reducedrsificantly at month 3 [1.03 (0.51-
2.70) pg/ml], month 6 [0.89 (0.14-1.80)pg/ml] andmth 12 [1.03 (0.34-2.17)pg/ml].
Also pre-treatment GCF levels of TNH4.16 (2.72-6.69) pg/ml] also reduced
significantly at month 3 [3.59 (1.28-10.37) pg/mtjonth 6 [2.03 (0.65-3.80) pg/ml]
and month 12 [1.74(0.96-3.45)pg/ml]. Similarly, yfreatment GCF levels of ILSL
[344.33 (156.16-572.50) pg/ml] reduced significgral month 3 [180.05 (68.98-
382.93) pg/ml], month 6 [116.35 (48.71-206.56) pyand month 12 [175.65 (58.54-
366.95) pg/ml]. Also, in T2DM subjects, the preatiaent GCF level of IFN-[2.51
(1.11-5.24) pg/ml] also showed a significant recarcbut only at month 6 [0.85 (0.23-

1.89) pg/ml].
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In non-diabetic subjects, the current study dermratedd that pre-treatment GCF
levels of IL-13 [413.38 (213.83-770.56) pg/ml] reduced signifitwat month 3
[166.25 (90.85-350.75) pg/ml], month 6 [150.60 66£268.32) pg/ml] and month 12
[184.25 (77.51-291.71) pg/ml]. Also, pre-treatm&@F levels of IFNy [4.40 (2.18-
7.09) pg/ml] reduced significantly at months 3 f2(8.92-4.87) pg/ml], month 6 [2.21
(1.41-4.23) pg/ml] and month 12 [1.43 (0.50-2.4@)npl]. Also in non-diabetic
subjects, pre-treatment GCF levels of IL-6 [2.23.213.37) pg/ml] reduced
significantly at month 6 [1.51 (0.94-2.34) pg/mijcapre-treatment levels of TNk-
[4.49 (2.55-7.04) pg/ml] reduced significantly abmth 12 [2.35 (1.09-3.55) pg/ml].
Overall, in both T2DM and non-diabetic subjectslugtions in GCF levels of these 4
selected pro-inflammatory cytokines would appeanitwor the improvements in

periodontal health seen within this study followjpeyiodontal therapy.

Currently published data investigating the changgso-inflammatory
cytokines levels in GCF following non-surgical metontal therapy in T2DM subjects
is limited to three studies (Corretal., 2008; Kardeslegt al., 2010; Santost al .,
2010). In one study, the impact of NSM on level$lel f was assessed in patients with
(n=23) and without (n=26) T2DM (Correa et al., 2D0%ter treatment, a significant
improvement in clinical periodontal parameters ahogroups was accompanied by
significant reductions in GCF volume and the tatalount of IL-B (Correa et al.,
2008). In another study, the periodontal treatnedieicts on GCF IL-6 levels in T2DM
(n=20) and non-diabetic subjects (n=22) were evatuéardesler et al., 2011). At 3
months post-treatment, reductions in the total athotiGCF IL-6 were demonstrated
graphically in both T2DM and non-diabetic subjetiswever, these reductions failed to
reach significance and this studies did not pulihghactual values for the cytokine

levels pre- and post-treatment, making interpretetf the results difficult (Kardesler et
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al., 2011). In a further study, the response of JNFN-y, IL-4 and IL-17 in GCF was
assessed in patients with well controlled T2DM @)=4nd in patients with poorly
controlled T2DM (n=20) (Santos et al., 2010), shaywno significant changes in the
total amounts of TNFe, IFN-y, IL-4 and IL-17 in GCF at 3 and 6 months post-
treatment. Again, failure to publish the actualues for the cytokine levels pre- and
post-treatment makes the interpretation of thelteslifficult. Furthermore, a lack of
non-diabetic subjects limits possible conclusidmsua the response in subjects with

T2DM compared to non-diabetic subjects.

Given the paucity of the available data regardingnges in GCF cytokines
following NSM in subjects with T2DM, it's worthwhelcomparing data from the
present study to studies evaluating the cytokisparese to periodontal therapy, in
systemically healthy subjects (Engebretsoal., 2002; Thunelkt al., 2010). A follow-
up study of systemically healthy subjects (n=2%vetd that following non-surgical
periodontal treatment, in patients with mild to recate periodontitis and in patients
with severe periodontitis the ILBlevels in GCF were reduced 2 weeks post-treatment
(Engebretson et al., 2002). However, at 6 montiessignificant post-treatment
reduction in GCF IL-f levels was maintained only in patients with mildderate
periodontal disease, with ILBIreturning to baseline levels in patients with seve
disease (Engebretson et al., 2002). In a more ratady, a multiplex immunoassay
was used to evaluate the effect of periodontabgineon a range of 22 GCF mediators,
including IL-1B, IL-6, TNF-a and IFNy in a small number of systemically healthy
subjects (n=6) (Thunell et al., 2010). Followingipdontal therapy, significant
reductions were detected in 13 of the 16 detec@litekines, including IL-f, IL-6 and
IFN-y. However, interestingly, TNE-was not found to be detectable in the GCF

samples taken in this study.
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Overall, data from previous studies and the cursandy would appear to
suggest that in subjects with periodontitis, retgesi of diabetes status, a reduction in
periodontal inflammation may be associated witbductions in levels of ILf}, and
possibly IL-6, TNFe and IFNy in GCF (Engebretsoet al., 2002; Correat al., 2008;
Thunellet al., 2010). Notwithstanding the differences in storagd elution protocols
used within this field of research, data would sgidhat in subjects with and without
T2DM, selected GCF biomarkers may reflect the cihresponse to periodontal
therapy. However, further longitudinal studieshgsstandardized protocols for GCF

sampling, elution and storage, would be requireddafy this.

Summary of key findings from chapter 6

At each time point BMI was significantly highersabjects with T2DM
compared to non-diabetic subjects. Also, in subjedth T2DM a significant

reduction in BMI was seen following NSM.

. In subjects with T2DM, HbAlc showed 0.45% and 0.4@%uctions at month 3
and month 12 respectively, although these redugtilieh not reach statistical

significance.

. At each time point HDL, non-HDL and cholesterol veagnificantly higher in
non-diabetic subjects compared to subjects withNI2BIso, in non-diabetic
subjects a significant reduction in non-HDL andlekterol was seen 6 months

after NSM.

. In both diabetic and non-diabetic subjects redustio hsCRP were seen 12

months after NSM, although these reductions dideath statistical significance.



Results 330

In both diabetic and non-diabetic subjects sigaificreductions in % BOP, mGl,
Pl, mean PD, mean LOA, PESA and PISA were seen@aBd 12 months after
NSM. Furthermore, mGl, % BOP, mean PD, mean LOASRENd PISA showed
no significant differences between subjects witibWVRand non-diabetic subjects

at any time point.

In both diabetic and non-diabetic subjects sigaiftcreductions in % PD sitesb
mm were seen at 3, 6 and 12 months after NSM. Gakiio account the pre-
treatment difference in % PD sited mm, the differences between subjects with
T2DM and non-diabetic subjects at month 3 and méritiled to reach

significance.

The % of PD sites that reduced®Y mm and> 3 mm appeared higher in non-
diabetic subjects compared to subjects with T2Dikhoagh the differences failed

to reach statistical significance.

In subjects with T2DM serum TNé&-was significantly reduced 3 and 6 months
after NSM. Conversely, in non-diabetic subjectsisemNF-a was significantly

increased at 6 and 12 months after NSM.

In subjects with T2DM a reduction in ILB1n saliva was seen at 3 months after
NSM was detected as a trend. In non-diabetic stéjeductions in IL-f in
saliva were seen at 6 and 12 months, although th#eesnces failed to reach

statistical significance.

In both diabetic and non-diabetic subjects sigaificreductions in ILi in GCF
were seen at 3, 6 and 12 months after NSM. Simjleglductions in TNFx and

IL-6 in GCF were seen after NSM, although not a&rg\time point.
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Chapter 7 General Discussion

Diabetes is widely accepted as a major public hgalbblem, associated with
reduced life expectancy, increased morbidity acde@ased mortality (IDF, 2006;
Mulnier et al., 2006; Daleet al., 2008). Between 2007 and 2025, the global prediicte
growth is 55% (IDF, 2006) and a recent UK healttvey projects a 98% increase in
the rate of obesity related diabetes by 2050 (Brevah., 2010). As a risk factor for
periodontal disease, T2DM is associated with aresmed incidence and severity of
periodontal disease, with the risk for developieggdontitis being greater if diabetes
control is poor (Nelsoet al., 1990; Emrichet al., 1991; Taylort al., 1998a; Tsaét al.,
2002; Moles, 2006). Furthermore, evidence sugdkatghose with moderate levels of
periodontal disease have a 2-fold increased riskdoeloping T2DM (Demmaesat al.,
2008) and diabetics with severe periodontal disaasasix times more likely to have
poor glycaemic control (Taylat al., 1996), highlighting a possible bi-directional
relationship between these two disease. Givenrédiqated future increase in diabetes
and the likely impact on the future prevalence @iqdontal disease, understanding the
mechanistic connections between the two diseasd#snsreasing importance to health

care.

In this study, subjects with gingivitis or perioditis presented with a
significantly longer history of diabetes comparedtose with healthy periodontal
tissues. Furthermore, a higher proportion of subjedth healthy periodontal tissues
(64.3%) was found to meet the UK target for glycameoontrol (HbAlc< 6.5%) and
progressively fewer subjects reached this targ#targingivitis (26.3%) and
periodontitis (14.9%) groups, respectively. Theeswlso a higher proportion of

subjects with healthy periodontal tissues beingagad by dietary intervention alone
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and progressively fewer in the gingivitis and pdantitis groups, respectively.
Conversely, a higher proportion of subjects withiguontitis (29.8%) required insulin,
with progressively fewer subjects requiring insutirthe gingivitis (17.9%) and healthy
periodontal tissues (0.0%) groups, respectivelikeneacollectively, these findings
highlight that the deterioration in glycaemic cah@ppears to be mirrored by
worsening periodontal health and that, as with rotiebetes complications, the
duration of diabetes and the degree of glycaemitrab(UKPDS, 1998b) would appear

to be important factors in the development of paoiditis in subjects with T2DM

Within T2DM subijects, the risk of diabetic complicas is strongly associated
with previous hyperglycaemia and a 1% reductioHliA1c has been associated with a
21% risk reduction in diabetic complications (Stat2000). Consequently, national
guidelines have therefore set an ideal target HX¥c5%, and recommend the use of
dietary and lifestyle interventions, with medicato as required, to achieve and
maintain this target HbAlc levels (NICE, 2008). énmber of previous studies have
investigated the impact of periodontal treatmenglkycaemic control in subjects with
T2DM (Stewartet al., 2001; Kiranet al., 2005; Promsudttet al., 2005; Jonest al.,
2007; O'Connelkt al., 2008) and meta-analyses of data from smallenietgional
studies have concluded that periodontal treatmauitiamprove glycaemic control
(Darreet al., 2008; Simpsomet al., 2010), with NSM producing a statistically
significant 0.40% HbALc reduction (p=0.04) when g@amed to no treatment or usual
treatment (Simpsoe al., 2010). Interestingly, a similar magnitude of ofp@am HbAlc
was demonstrated in the present study which showatdafter NSM, in subjects with
T2DM, HbA1c was reduced by 0.45% and 0.40% at m8rdhd month 12
respectively, although in the current study theskictions did not reach statistical

significance. Given the potential for successfulgmontal treatment to contribute to a
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positive effect on glycaemic control, is it surprggthat as yet, the maintenance of oral
health does not currently feature within nationahagement guidelines for T2DM
(NICE, 2008). Itis hoped that the data from #tisdy will contribute to future meta-

analyses to investigate this issue further.

It is increasingly recognised that inflammationygla role in the development
of diabetes and the association between elevagdric inflammation and the
development of T2DM has been previously demonstré@ertoniet al., 2010). In
subjects with T2DM, CRP has been proposed as @ovastular risk marker (Pfutzner
and Forst, 2006) as well as a useful marker iniptiad the risk of developing T2DM
(Freemaret al., 2002; Duncamt al., 2003). In the current study, levels of hsCRP
appeared higher in subjects with T2DM [2.3 (0.9y4ng/l) compared to non-diabetic
subjects [1.9 (0.8-3.9) mg/l), although the differe failed to achieve statistical
significance. Interestingly, when subjects weréehfer categorised based on periodontal
status, subjects with T2DM and healthy periodotissues had significantly higher
hsCRP [2.4 (0.8-5.5) mg/l) than non-diabetic sulsjedgth healthy periodontal tissues
[0.6 (0.2-1.5) mg/l). Evidence from a previouslybpshed meta-analysis also
demonstrated that CRP is elevated in patients patfodontitis (Paraskevasal.,

2008) and this was confirmed in the current studyich showed that in non-diabetic
subjects, hsCRP was significantly lower in thosthwiealthy periodontal tissues [0.6
(0.2-1.5) mg/l) compared to subjects with gingaji2.3 (0.8-4.2) mg/l] or periodontitis
[2.3 (1.1-4.3) mg/1], although in subjects with TIDsimilar differences in hsCRP
were not found. This might be because the impad®2a&fM on CRP levels outweighs
any impact of periodontal inflammation. Furthermgresvious studies have
demonstrated that reduction in CRP levels folloesqaontal management (D'Aiugb

al., 2004; Marcaccingt al., 2009), although this is not a universal findinghe
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literature (Ideet al., 2003), and the most recent meta-analysis condltitd moderate
evidence exists for an effect of periodontal thgragowering the levels of CRP
(Paraskevast al., 2008). Within the current study, the effect ofMIiSn CRP levels

was investigated in subjects with T2DM. In bothbdiac and non-diabetic subjects non-
significant reductions in hsCRP were seen 12 maoaities NSM, confirming data from
previous studies that also demonstrate non-sigmficeductions in hsCRP in subjects
with T2DM (Christgatet al., 1998; Correa&t al., 2010; Kardeslegt al., 2010). The

wide variations in CRP levels are likely to be do¢he non-specific nature of CRP as a
marker of inflammation and future studies investigathe impact of NSM on CRP

levels in T2DM need to be adequately powered towtcfor such variation.

Obesity is a powerful risk factor for T2DM (Chatal., 1994), with BMI
predicting the risk of T2DM (Wang al., 2005) and obesity being proposed as the
leading cause of insulin resistance (Ka&hal., 2006). The link between diabetes and
obesity was demonstrated in the current study, hvbimwed that, at each time point,
subjects with T2DM had significantly higher BMI cpared to the non-diabetic
patients. Furthermore, the T2DM group contain®éibher proportion of obese (42.6
%) and morbidly obese (30.7%) subjects comparé¢kdemon-diabetic group (10.8%
and 13.3%, respectively). Interestingly, in sulgegith T2DM a significant reduction
in BMI was seen following NSM, although the contriiion made by the higher drop
out of obese and morbidly obese subjects seentiovermakes it difficult to draw clear

conclusions about actual weight loss following péantal treatment.

T2DM and hypertension are commonly associated tiondi both of which
carry an increased risk of cardiovascular and rdisalase (Garciet al., 1974; Turner
et al., 1998Db). Despite evidence that tight control ofiBBubjects with T2DM reduces

diabetic complications (Turnet al., 1998a) and the clear guidance for the intensive



7 General Discussion 335

management of hypertension in subjects with T2DNCE 2008), the present study
demonstrates that systolic BP was significanthhbrgn subjects with T2DM (146.9
mmHg) compared to non-diabetic subjects (136.6 ngn Hhis supports previous
evidence showing higher prevalence of hypertensidi2DM patients than that

observed in the general population (HDS, 1993).

In subjects with T2DM, hyperlipidemia is a risk facfor CVD (NICE, 2008).
Furthermore, an association between hyperlipidemeaperiodontitis has previously
been demonstrated (Cutlgral., 1999b; Loschet al., 2000; Noaclet al., 2000;
Fentogluet al., 2009; Fentoglet al., 2010) with hyperlipidemia described as one of the
factors associated with diabetes-induced immuretterations (lacopino and Cutler,
2000). Data from the present study showed thatdesfenon-HDL and cholesterol were
significantly higher in non-diabetic subjects comgahto subjects with T2DM, although
this is not surprising, given that the manageméntised lipid levels is a key priority
for diabetes management (NICE, 2008). In subjedts W2DM and periodontitis, no
changes in lipid levels were demonstrated followN#M, corroborating data from
previous studies (Christgatial., 1998; Kiranet al., 2005; Kardeslegt al., 2010) and
perhaps reflecting that when raised serum lipiéleare already actively managed as
part of T2DM treatment, further improvements aregeained through improvements in
periodontal health. Interestingly, a significardwetion in non-HDL and cholesterol
was seen 6 months after NSM in non-diabetic subjedtich supports data from a
recent small study (Fentogétial., 2010), although an appropriately designed RCT

would be required to confirm this.

Previous epidemiological evidence has reportechareased prevalence and
severity of periodontal disease in subjects witbbP2compared to non-diabetic

subjects (Shlossmaat al., 1990; Sandberg al., 2000; Mattoutt al., 2006; Moles,
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2006). In more recent interventional studies eualgahe response to periodontal
therapy, the pre-treatment periodontal conditiosuddjects with and without diabetes
was well matched (Dag al., 2009; Kardesleet al., 2010) or the T2DM subjects had
higher levels of BOP and mean PD (Correa et ab820n the current study, when
exploring the pre-treatment periodontal statusubjects with T2DM in comparison to
those without diabetes, no significant differenaese found in the mean PD, mean
recession and mean LOA in subjects with T2DM antbgentitis compared to non-
diabetic subjects with periodontitis. However, pdontal disease rarely affects all parts
of the periodontium equally and whilst means presid useful summary statistic of the
data, they provide no specific information abowt &xtent and severity of the
periodontitis. In the current study, the percenpefiodontal sites with PB 6 mm was
significantly lower in subjects with T2DM and pedtantitis compared to non-diabetic
subjects with periodontitis, indicating more seveeeiodontal disease was present, at
pre-treatment, in non-diabetic subjects comparesibgects with T2DM. This was
contrary to previous epidemiological evidence (Shkinaret al., 1990; Sandbere al.,
2000; Mattoutt al., 2006; Moles, 2006) and was not replicated incthe previous

study that supplemented the mean PD data witharathe percent of sites with
advanced periodontal disease, and which showedynifisant differences in the
percent of periodontal sites with PB7 mm between subjects with T2DM and non-
diabetic subjects (Correshal., 2008). This most probably reflects the differentethe
recruitment pools used for diabetic and non-digb&ibjects in the current study (and
must be regarded, unfortunately, as a weaknes$ssistudy) and highlights the need to
stratify periodontal case selection based on exedtseverity of disease to ensure more

robust matching of groups with regards to periodbsiiatus in future studies.
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Given that inflammation within the periodontium hhe potential to contribute
to the systemic inflammatory burden (Loos, 2005%) @rus influence the pathogenic
mechanisms present in T2DM (Hotamisligilal., 1996; Stumvolkt al., 2005), it is
interesting to note that in the present study, éidévels of gingival inflammation were
seen in subjects with T2DM and gingivitis compa@don-diabetic subjects with
gingivitis, although this difference is not replied in subjects with periodontitis. Given
that periodontitis was more advanced in the nobetia group compared to the T2DM
group, the gingivitis groups offer the potentiaktady in more detail the effect of
diabetes on gingival/periodontal inflammation. &iuhe tight criteria for defining
gingivitis, the gingivitis patients in the T2DM amdn-diabetic groups were very well
matched from a clinical perspective. These grahpeefore offer utility to study the
impact of diabetes on gingival inflammation. Inisteworthy that gingival
inflammation was significantly higher in the T2DNMogip with gingivitis, compared to
the non-diabetic patients with gingivitis, and tb@ild possibly reflect up-regulated
inflammation as a result of diabetes. Interesyintjlis concept is supported by the
T2DM subjects with gingivitis having elevated levelf GCF IL-6 (1.44 (0.53-3.61)
pg/ml), IL-18 (173.41 (77.60-268.19) pg/ml) and IFN2.17 (0.65-2.50) pg/ml)
compared to the GCF levels of IL-6 (0.90 (0.39-2 4@/ml), IL-18 (116.25 (56.50-
176.53) pg/ml) and IFN-(1.85 (1.01-2.44) pg/ml) in the non-diabetic sabgewith

gingivitis, although these differences didn't aci@estatistical significance.

The current study also showed that PESA was ablepi@sent key aspects of
the PD data, highlighting differences in PD betwsebjects with different periodontal
status and detecting differences in the extentsandrity of periodontal disease
between T2DM and non-diabetic subjects. PISA adflected the differences in

periodontal case definitions within the currentdstand given that PISA incorporates
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both BOP and PD data into a single variable, data the present study confirms
PESA and PISA as valuable measures of the extgraraddontal disease and the
periodontal inflammatory burden (Nesgteal., 2008; Nesset al., 2009).

In the current study, both diabetic and non-diabstibjects demonstrated
significant reductions in % BOP, mGl, Pl, mean Ri2an LOA, PESA and PISA at 3,
6 and 12 months after NSM. Furthermore, when dialagid non-diabetic subjects were
compared at each time point, no significant diffees were identified in mGlI, % BOP,
mean PD, mean LOA, PESA and PISA. This supportgque research that has
demonstrated significant improvements in clinicadipdontal parameters following
periodontal management in subjects with T2DM (Ryukset al., 2003; Kiranet al.,
2005; Correat al., 2008; O'Conneltt al., 2008; Daget al., 2009; Correat al., 2010;
Kardeslert al., 2010; Santost al., 2010; Kardesleet al., 2011). In both diabetic and
non-diabetic subjects, the current study also skosignificant reductions in % PD sites
>5 mm at 3, 6 and 12 months after NSM, and takmtg account the pre-treatment
differences in % PD sites5 mm, the differences between subjects with T2l a
non-diabetic subjects at month 3 and month 6 fdadegach statistical significance.
This confirms previous research that demonstraggsfisant reductions in the % of PD
sites exhibiting advanced disease following NSMubjects with T2DM (Correst al .,
2008; Correat al., 2010). The present study also showed that thé Pbaites that
reduced by 2 mm and> 3 mm appeared higher in non-diabetic subjects ematpto
subjects with T2DM, although the differences faitedeach statistical significance.
Given that greater reductions in PD are seen ipelgaockets after NSM (Cobb, 2002),
the apparently higher % of PD sites reducingtl&/mm and> 3 mm seen in the non-
diabetic subjects most probably reflects the ireedaseverity of periodontal disease

seen in non-diabetic subjects at baseline. Ovehallcurrent study confirms that NSM
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is effective in managing periodontitis in subjewith T2DM, and highlights the need
for robust patient pathways to ensure delivery gptdke of periodontal screening,

supplemented with therapy as required, within disgase susceptible population

In the current study, the group with T2DM contaiesignificantly higher
percent of subjects with dry mouth compared toeheghout diabetes and the
percentage of subjects with at least one caricoth twas over 4 times greater in
subjects with T2DM compared to non-diabetic sulsieconfirming data from previous
studies that have highlighted poorer oral healtbubjects with T2DM (Sandberal.,
2000; Hintacet al., 2007; Borgest al., 2010). Furthermore, in the present study, the
T2DM group reported poorer oral health behaviounslding attendance at a dentist
and oral hygiene practices) compared to the nobedi@group. This corroborates
previous research that demonstrates that thedstttowards oral health of patients
with diabetes are poor in comparison with findifrgen surveys of general populations
(Allen et al., 2008). In the current study, 95% of subjects WiloM had received
examinations of their feet and eyes within the g2stmonths, clearly demonstrating the
robust patient pathways that exist for screenimgli@betic complications such as
retinopathy and peripheral vascular disease. Howvéve same is not true regarding
screening for oral complications in subjects wiDM, with as many as one third of
subjects with T2DM in this study reporting not sgpa dentist in the past 12 months.
This clearly demonstrates that the opportunitysfeening for oral complications is
not currently taken up by all subjects within tlisease-susceptible population. Taken
collectively, this emphasises the importance ofsaering oral health within a wider
perspective of maintaining systemic health, andhéed for more robust care pathways

to ensure good oral health in disease susceptaierys.
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The role of inflammatory cytokines in the pathoges®f periodontal disease is
well recognised (Preshaw and Taylor, 2011). Likewisflammatory cytokines are key
players in the relationship between inflammatiod a@DM with cytokines, such as
TNF-a, IL-1p and IL-6, contributing to the development of T2@ough obesity,
insulin resistance artcell dysfunction (Donatkt al., 2003; Pickup, 2004; Wellen and
Hotamisligil, 2005). It is proposed that alterasdn immunologically active molecules
as a result of T2DM have the potential to influetiee cytokine network within the
periodontium and thus contribute to local periodbtissue destruction (Preshatal.,
2007). Furthermore, inflammation within the periaiom has the potential to
contribute to the systemic inflammatory burden ené$n T2DM (Loos, 2005; Nesse
al., 2009). It is therefore surprising that, untirweecently, relatively few studies have
investigated the role of inflammatory cytokinegatients with T2DM and periodontal
disease (Cutlegt al., 1999a; Engebretsatal., 2007; Correa&t al., 2008; Dagt al.,
2009; Correat al., 2010; Kardesleet al., 2010; Santost al., 2010).

Previous research demonstrates significantly higaerm levels of IL-6 and
TNF-o in subjects with T2DM compared to non-diabeticjeats (Pradhaset al., 2001,
Sprangeet al., 2003b; Bertonet al., 2010) and this was supported in the current study
which showed significantly higher serum levels dfFFa, IL-18 and IFNy in subjects
with T2DM compared to non-diabetic subjects andificantly higher serum levels of
TNF-a, IL-1p and IFNy in T2DM subjects with periodontitis compared tordabetic
subjects with periodontitis. Interestingly, in theesent study, in subjects with T2DM
and periodontitis, serum TNéwas significantly reduced 3 and 6 months after NSM
supporting previously published data demonstrashgrt term reductions in circulating
TNF-o after periodontal therapy in subjects with T2DMdmotoet al., 2001; Correa

et al., 2008; Daget al., 2009). Given the role of TNE&-n the pathogenesis of T2DM,
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reductions in circulating TNlk-following NSM may, in part, explain the improventen
in glycaemic control seen in subjects with T2DMeafberiodontal therapy. Conversely,
in the current study, serum TNFwas significantly increased at 6 and 12 monther aft
NSM in non-diabetic subjects, with relatively lowegreatment serum TNé{evels
being demonstrated in these subjects, potentiatyributing to this apparent increase
after NSM. Additionally, it would appear that ddéitam the current study don’t support
the published evidence that subjects with periatisritave higher levels of circulating
inflammatory cytokines (Marcaccief al., 2009; Suret al., 2009) with significantly
lower serum TNFe, IL-1p and IFNy demonstrated in non-diabetic subjects with
periodontitis compared to subjects with healthyquntal tissues. However, low
levels of cytokines present in serum (at the liroftdetection of even the high
sensitivity assay system used in this researobigalith variations in levels, make it
difficult to interpret results and prevent cleanclusions from being made. To clarify
the role of circulating inflammatory cytokines tmetrelationship between T2DM and

periodontitis, further studies with larger sampissvould be required.

Our understanding of the specific roles of cytokiimeperiodontal disease is
deepest for pro-inflammatory cytokines, for exampld 8, IL-6 and TNFe (Preshaw
and Taylor, 2011) and previous data demonstrat@eéased levels of ILfLland IL-6 in
GCF from subjects with periodontitis (Preiss andyMg1994; Figueredet al., 1999;
Engebretsomt al., 2002; Zhonget al., 2007) and in GCF sampled from diseased sites
compared with healthy sites (Mogial., 1999; Linet al., 2005; Thunelkt al., 2010).
This is supported by data from the present studghvtiemonstrated significantly
higher GCF IL-B in diabetic subjects with periodontitis [344.356116-572-50)
pg/ml] compared to those with those with gingivjig3.41 (77.60-268.19) pg/ml) and

also those with healthy periodontal tissues [8449666-130.61) pg/ml]. Similarly,
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significantly higher GCF IL-g was demonstrated in non-diabetic subjects with
periodontitis [413.38 (213.84-770.56) pg/ml] comgghto those with those with
gingivitis [116.25 (56.50-176.53) pg/ml) and alkoge with healthy periodontal tissues
[54.26 (25.79-100.65) pg/ml]. Also in non-diabedighjects, significantly higher levels
of GCF IL-6, TNFea and IFNy were demonstrated in subjects with periodontitis
compared to those with healthy periodontal tissrgbsin subjects with T2DM the same
differences were detected as a trend. This confin@sitility of GCF IL-6, TNFe,

INF-y and particularly IL-B as indicators of inflammatory status in the peoiutdl
tissues. Additionally, the findings of elevatedcaiiating levels of these cytokines in
T2DM patients and the less clear-cut finding ofvated GCF cytokines in T2DM
patients with gingivitis may be a reflection of ttnederlying alterations to inflammatory

networks that result from the diabetic state.

In the current study, no significant differences56F IL-6, TNF«, IL-1p and
IFN-y levels were found between subjects with T2DM aod-diabetic subjects, and
even following categorisation based on periodosttaius, in non-diabetic subjects with
periodontitis the apparently higher levels of GCF6| TNF-a and IL-13 compared to
T2DM subjects with periodontitis failed to reachtsdtical significance. This supports
previous data that showed no differences in pratitnent IL-B levels between subjects
with and without T2DM (Correat al., 2008) but doesn’t support the findings of a
further study that demonstrated higher levels oFGIC6 in T2DM subjects with
periodontitis compared to non-diabetic subjectfwiriodontitis (Kardeslest al.,
2011). In the current study, the higher levelseglbon-significant, of GCF cytokines in
non-diabetic subjects with periodontitis compaiedubjects with T2DM and
periodontitis, may well be a reflection of the meevere periodontal disease that was

present in non-diabetic subjects compared to thgsts with T2DM.
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The relationship between increasing levels of pfammatory cytokines in
GCF and the presence of periodontal disease isdiusupported by significant positive
correlations that were consistently demonstratatercurrent study between mGl,
mean PD, PESA and PISA and GCF levels of IL-6, Td\&#rd IL-13. Furthermore, the
current study also demonstrated that GCF levelk-@f3 and IFNy were significant
predictors of PISA, and a trend for GCF TNRevels as a predictor of PISA was also
noted. Data from the current study therefore carate published research that
demonstrated significant positive correlations leswGCF levels of IL{1and clinical
periodontal parameters in subjects with T2DM (Emgtdonet al., 2004; Engebretson

et al., 2007).

Previous studies investigating the impact of pesiadl therapy on GCF
cytokine levels demonstrated significant reduction&CF IL-13, IL-6 and IFNy post-
treatment (Engebretsanal., 2002; Thunelkt al., 2010). Additionally, in patients
withT2DM, although one study demonstrated signifta@ductions in IL-f (Correaet
al., 2008), others showed a non-significant reduatio@CF IL-6 (Kardesleet al.,
2011) or no significant changes in GCF Thfter NSM (Santost al., 2010). In the
current study, GCF samples from both diabetic amddiabetic subjects showed
significant reductions in ILfiat 3, 6 and 12 months after NSM. Similarly, reduts
in TNF-a and IL-6 in GCF were seen after NSM, althoughatavery time point.
Overall, in both T2DM and non-diabetic subjectslugtions in GCF levels of selected
pro-inflammatory cytokines would appear to mirnmprovements in periodontal health

seen following NSM.

It is now recognised that biomarkers in saliva hidneepotential to provide
information to aid in the diagnosis and monitorofgperiodontal disease (Millet al.,

2010). Published data demonstrated higher levelsig¥ in saliva from subjects with
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periodontitis compared to those without perioda{iiller et al., 2006; Gursot al.,
2009), and this is mirrored in the current studycktshowed that IL{1 levels in saliva
were significantly higher in subjects with periotita compared to those with healthy
periodontal tissues, in both diabetic and non-diatsibjects. This would suggest that
levels of IL-18 in saliva reflect the periodontal status. SimyatL-6 in saliva was
significantly higher in subjects with periodontitiempared to those with healthy
periodontal tissues, but the picture is less chatir differences only demonstrated in
subjects with T2DM. Interestingly, when pre-treatinievels of cytokines in saliva
from subjects with T2DM were compared to levelsifroon-diabetic subjects, TNk-
IL-1B and IFNy were significantly higher in non-diabetic subjectenpared to subjects
with T2DM, most likely reflecting the more severerjpdontal disease present in the
non-diabetic subjects compared to subjects withMZeen in the current study.
Significant positive correlations were also foundhe current study between mGl, %
BOP, PESA and PISA and saliva levels of IL-6 and . Furthermore, salivary levels
of IL-6 and IL-18 were significant predictors of PISA. This corrodttes published
research that demonstrated significant positiveetations between levels of IL31In
saliva and clinical periodontal parameters (Mileal., 2006; Tobon-Arroyavet al.,
2008; Gursoyet al., 2009), and reflects the potential importanceati’a as a

diagnostic fluid for periodontal disease.

One previous study has demonstrated significantatezhs in IL-1 in saliva
after NSM (Sextoret al., 2011). In the present study, a reduction in fLiisaliva was
detected as a trend at 3 months after NSM in steoyeith T2DM, and non-significant
reductions in IL-B in saliva were seen at 6 and 12 months in noneti@Bubjects.

Taken collectively, it would suggest that 1B-inay reflect the clinical response to
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periodontal therapy, although clearly, further istigations are warrant to confirm

whether IL-B in saliva is a useful biomarker for periodontitis.

In conclusion, the findings of the present studgtdbute to the knowledge of the
clinical and biological response to periodontaréps, both in diabetic and non-diabetic
patients. Moreover, the current study highlightsithportance of studying pro-
inflammatory cytokines in both periodontal diseasd diabetes, and more specifically,
pro-inflammatory cytokines such as IL-6, TNFand IL-13 show potential as
contributors to the pathogenic links between diebaind periodontal disease, with the
consideration of IL-f in saliva and GCF as a prognostic marker for jgkemditis in
individuals with and without diabetes. It is encaging that a reduction in HbAlc was
observed following periodontal therapy in the diabpatient group, although this

failed to achieve statistical significance. Adalital research is warranted to investigate

this further, ensuring that groups are well matctoegheriodontal status.
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