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of diabetes to the NHS will have risen to 
over £40 billion per year at today’s values.2

There is substantial evidence for a rela-
tionship between overweight/obesity and 
type 2 diabetes3 and although this condi-
tion was often called ‘late onset diabetes’ 
we are now seeing increasing prevalence 
in young people.4–6 There is also evidence 
for a relationship between both type 1 and 
type 2 diabetes and the chronic destruc-
tive condition of the dentition – periodon-
titis, recognised over 60 years ago.7,8 More 
recently evidence has emerged for a rela-
tionship between overweight/obesity and 
periodontal disease, although an excellent 
systematic review by Suvan et al. indicates 
that the magnitude is unclear.9 While there 
is evidence for these relationships, a causal 
basis has been assumed but is not estab-
lished. The aims of this paper are firstly to 
examine the evidence for an underlying 
mechanism linking obesity, diabetes and 
periodontal disease and the interaction 
between these three conditions so as to 
gain a better understanding of what might 
now be viewed as a triangular relation-
ship. Secondly, to highlight for dental 
practitioners the clinical significance of 
these relationships for the prevention and 

BACKGROUND

There is now little doubt that the increas-
ing worldwide prevalence of obesity is 
leading to increased morbidity, especially 
cardiovascular disease, diabetes and can-
cer. It is predicted that this trend will 
result in 65 million more obese adults in 
the USA and 11 million more obese adults 
in the UK by 2030, together leading to an 
additional 6—8.5 million cases of diabe-
tes, 5.7—7.3 million cases of heart disease 
and stroke and 492,000—669,000  addi-
tional cases of cancer. By 2030 the com-
bined medical costs for these preventable 
diseases alone are estimated to increase 
by $48—66 billion per year in the USA, 
impacting on health insurance premiums 
and by £1.9—2.0 billion per year in the UK, 
where the burden will fall largely on the 
state.1 In the UK, a recent study estimates 
that by 2035 the direct and indirect cost 

The global rise of obesity, both adult and childhood, has been paralleled by a rise in type 2 diabetes, a trend predicted to 
continue for at least the next two decades. The combined effect will create a burden of direct and co-morbidities that will 
strain the physical and financial resources of all countries. While it is accepted that both type 1 and type 2 diabetes are 
major risk factors for the development and progression of periodontal disease, there is growing evidence that obesity is 
both an indirect risk factor because it affects glycaemic control and a direct risk factor because secretion of pro-inflam-
matory agents by adipose tissue modifies the periodontal reaction to the plaque biofilm. Recent research suggests that 
periodontitis may adversely affect glycaemic control, which can be improved by periodontal treatment with reduced risk 
of diabetic co-morbidity, thereby creating a two-way relationship. Furthermore it appears possible that periodontitis may 
stimulate inflammatory change in adipose tissue, creating a triangular self-generating cycle of morbidity linking obesity, 
diabetes and periodontal disease. Dentists should recognise these interlinked risk factors and consider including an assess-
ment of glycaemic control and adiposity, possibly by waist-to-hip ratio, when periodontitis is diagnosed and in collabora-
tion with medical practitioners provide treatment to help reduce the development of systemic disease.

treatment of periodontal disease and the 
role they should play in helping to reduce 
the burden of related systemic disease.

OBESITY AND DIABETES
Systemic medical conditions associated 
with an increase in body weight and spe-
cifically adiposity are now well recognised. 
They include type 2 (insulin resistant) dia-
betes, cardio-vascular disease and osteo-
arthritis. Excessive body weight was 
recognised as a potential cause of diabetes 
over a century ago and since then the mass 
of accumulated research has confirmed this 
association and epidemiological studies 
have shown a parallel increase in both.10 
It has been estimated that obese persons 
have a more than ten-fold increased risk of 
developing type 2 diabetes compared with 
normal-weight persons11 and one study has 
put the increased risk for women with a 
BMI of 35 or greater at 93-fold.12 Diabetes 
was estimated to affect about 250 million 
people worldwide in 2007, a figure pre-
dicted to rise to 350 million by 2030,13 
the impact of which has been likened to 
a health tsunami.14 It is now one of the 
most common non-communicable diseases 
globally. It is the fourth or fifth leading 
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• Reports that the increasing prevalence 
of type 2 diabetes will impact on oral 
health, especially periodontitis.

• Reviews recent research suggesting 
a three-way metabolic relationship 
between obesity, diabetes and 
periodontal disease.

• Suggests periodontitis may adversely 
affect glycaemic control in diabetics 
but can be improved by periodontal 
treatment.
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cause of death in most developed countries 
and there is substantial evidence that it is 
endemic in many developing and newly 
industrialised nations. Complications from 
diabetes, such as coronary artery and 
peripheral vascular disease, stroke, diabetic 
neuropathy, amputations, renal failure and 
blindness are resulting in increasing dis-
ability, reduced life expectancy and enor-
mous direct and indirect health costs.

During the last 15 years research work 
has focused on unravelling the underlying 
biochemical mechanism linking adiposity 
with type 2 diabetes. Adipose tissue is no 
longer considered as merely a depository 
of fat containing cells but is now seen as 
an active endocrine organ with adipocytes, 
like many other cells, capable of releasing 
hormones, the best known being leptin, the 
appetite controlling hormone and cyto-
kines. These small proteins with a typical 
molecular weight in the range 8,000–
40,000, which are related not by structure 
but by their common cellular signalling 
action, including the regulatory mecha-
nism that determines the body’s reaction to 
cellular trauma and infection by either pro-
moting or suppressing the inflammatory 
response.15 Adipocyte secreted cytokines, 
now referred to as adipokines, released into 
the circulation appear to have the ability to 
mediate and modulate inflammatory activ-
ity. The adipokines most implicated as pro-
inflammatory mediators are interleukin 6 
(IL-6) and tumour necrosis factor (TNFα). 
Accumulating evidence now suggests that 
excessive adiposity can promote chronic 
low-grade inflammation leading to the 
systemic metabolic disturbance associ-
ated with obesity-linked disorders. The 
abnormal or excessive secretion of adipo-
kines appears to be one mechanism in the 
pathogenesis of obesity-linked morbidity.16

Several factors have been proposed to 
explain increased insulin resistance in 
the obese populations, beginning with 
increased free non-esterified fatty acids 
(FFA) accumulation, increased secretion 
of inflammatory cytokines and adipokines 
leading to C-reactive protein (CRP) secre-
tion, and mitochondrial dysfunction, all 
implicated in insulin resistance and pan-
creatic β-cell dysfunction. While these 
suggestions are still being evaluated and 
the complexity of possible mechanisms is 
becoming more apparent, there is grow-
ing evidence that part of the underlying 

mechanism is related to adipocyte produc-
tion of adipokines11 including IL-6  and 
TNFα.16 The basis of this suggestion is 
two-fold. Firstly, there is evidence that 
adipokine production mirrors increased 
adiposity and secondly that circulating 
adipokines have been found in higher 
concentrations in the type  2 diabetic 
population.16 While this evidence does 
not establish a causal relationship, the 
epidemiological data showing a parallel 
rise in obesity and type 2 diabetes preva- 2 diabetes preva-2 diabetes preva-
lence, both accompanied by raised levels 
of circulating pro-inflammatory cytokines, 
reinforces the belief in an inflammatory 
mediated metabolic mechanism.

The generally accepted mechanism 
is that a high calorie diet leading to an 
over-accumulation of fatty acids in adi-
pose tissue induces adipocyte hypertrophy 
and increases the production of reactive 
oxygen species (ROS) leading to the acti-
vation of adipose tissue inflammation 
and increased expression of cytokines. 
Upregulation of cytokines stimulates the 
infiltration of chronic inflammatory cells 
such as macrophages. These cells further 
accelerate inflammation by secreting more 
pro-inflammatory cytokines and chemo-
attractants (chemokines) causing further 
infiltration of chronic inflammatory cells 
and a further rise in pro-inflammatory 
adipokine secretion, thus initiating a self-
generating reciprocal cycle of chronic 
inflammation. Increased levels of circulat-
ing FFA, ROS and inflammatory cytokines 
disrupt insulin signalling in organs such 
as skeletal muscle and the liver, leading to 
βcell dysfunction, systemic insulin resist-
ance and the onset of diabetes mellitus.17,18

OBESITY AND  
PERIODONTAL DISEASE

Chronic periodontal disease is character-
ised by a progressive destruction of the 
periodontal ligament and alveolar bone 
supporting the teeth. The initial inflam-
matory reaction is seen at the gingival 
margin and appears to be related in part 
to bacterial plaque accumulation, how-
ever, the subsequent progressive destruc-
tion appears dependent upon a complex 
plaque–host relationship that is still  
being investigated.

The first report on the relationship 
between obesity and periodontal disease 
appeared in 1977, when Perlstein et al. 

found alveolar bone resorption to be 
greater in obese rats compared with non-
obese rats.19 Further evidence was provided 
by a survey of older people in the UK.20 
Two  literature reviews provide evidence 
linking obesity with periodontal dis-
ease.21,22 While this evidence is supported 
by recent studies from Korea,23 Jordan24 
and Finland,25 a recent four-year follow-up 
of 396 Finnish adults found no signifi-
cant association between body mass index 
(BMI) and deepened periodontal pock-
ets.26 An analysis of data from the United 
States third National Health and Nutrition 
Examination Survey (NHANES III) showed 
a significant correlation between body 
composition and periodontal disease for 
adults with waist-to-hip ratio being most 
significant, followed by BMI, free fat mass 
and subcutaneous fat.27 Several studies 
have indicated that abdominal fat (cen-
tral adiposity) rather than subcutaneous 
fat is more strongly associated with peri-
odontitis.27–29 A further analysis from the 
NHANES III dataset showed that only in 
the 18 to 34 year age group, were measures 
of body fat associated with periodontal 
disease, while underweight (BMI <18.5) 
was associated with decreased prevalence29 
An analysis of data from 2,452 non-smok-
ers in the NHANES III survey showed that 
adolescents aged 17-21  years had an 
increased risk of periodontitis for each 
1 kg/m2 increase in body mass index and 
for each 1 cm increase in waist circumfer- cm increase in waist circumfer-cm increase in waist circumfer-
ence.30 In a study of 706 Brazilian adults 
where 60% and 65% of males and females, 
respectively, were overweight or obese, 
obesity was significantly associated with 
periodontitis in adult, non-smoker women, 
but not in men.31 Recently reported studies 
have shown a similar relationship between 
BMI and periodontal disease in young peo-
ple32,33 and this is a grave concern.

Although most evidence has come from 
cross-sectional data, strong evidence has 

come recently from three  longitudinal 
studies in the USA, one showing signifi - in the USA, one showing signifi-
cant periodontal disease progression over 
25 years in obese men34 and the second, a 
very large study of 36,910 health care pro-
fessionals showed a significant association, 
even among the non-diabetic and never-
smoking over a period of up to 20 years.35 
In a third study a five-year follow-up of 
3,590 Japanese subjects showed evidence 
of a dose-response association between 
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BMI and periodontal disease.36 While much 
evidence suggests that it is the predisposi-
tion to type 2 diabetes that links obesity 
to periodontal disease, a large USA lon-
gitudinal study30 and a large Finnish sur-
vey of non-diabetic, non-smoking adults 
showing an association between BMI and 
periodontal pocket depth26 do not support 
the hypothesis of a direct causal chain, but 
suggest the involvement of other factors 
(vide infra).

While a metabolic basis for a direct 
causal relationship between obesity and 
periodontitis remains to be confirmed, 
it is possible that increased secretion of 
mediators of inflammation may modify 
the response of the periodontal tissues to 
the oral environment and the excessive 
production of adipokines could produce 
this effect. There is evidence linking peri-
odontal disease with metabolic disorder, 
an increasingly common loose associa-
tion of abdominal obesity, abnormal fat 
metabolism, hypertension, insulin resist-
ance, high plasma fibrinogen and elevated 
CRP. This strengthens arguments that peri-This strengthens arguments that peri-
odontal disease and certain obesity-related 
systemic illnesses are related through an 
inflammatory mechanism, with abnormal 
fat metabolism possibly being an impor-
tant factor.

DIABETES AND  
PERIODONTAL DISEASE

Diabetes as a risk factor for periodon-
tal disease has been recognised for over 
60 years.5,7,8 In the 1990s studies on the 
Pima Indians, a genetically cohesive com-
munity living in the Gila River Indian 
Reservation in Arizona, demonstrated that 
periodontitis is more prevalent in diabetic 
patients and worsens with diabetes;37 and 
in 1993 the distinguished periodontolo-
gist Harald Löe described periodontitis 
as the sixth complication of diabetes.38 
There is now a considerable weight of 
evidence establishing diabetes as a risk 
factor for chronic periodontitis, especially 
where glycaemic control is poor39.40 and 
the increased risk has been estimated at 
threefold.41 This appears to be true also 
for type 1 diabetes and there is evidence 
for increased risk of periodontal disease in 
affected children.5,42,43

A clearer picture of the metabolic basis 
for the relationship between diabetes and 
periodontal disease has begun to emerge 

in the last 20  years. Diabetes appears 
to disturb the macrophage properties of 
chronic inflammatory cells, impeding the 
response to bacterial infections and wound 
healing.44 Recent attention has focused on 
the role of advanced glycation end prod-
ucts (AGEs). In the hyperglycaemic state 
found in diabetics, glycation and oxida-
tion of proteins and lipids occurs resulting 
in the accumulation of AGEs.45 Receptors 
for AGEs (RAGE) are found on endothelial 
cells and chronic inflammatory cells. The 
discovery that RAGE was a receptor for 
S100/calgranulins inflammatory proteins 
and high mobility group box 1 (HMGB1), 
an intracellular protein that can pro-
gramme macrophages to secrete cytokines, 
set the stage for linking RAGE to be both 
a consequence and cause of types 1 and 2 
diabetes.46 It is the reaction between AGEs 
and their cellular receptors (RAGE) that has 
been linked to increased ROS production 
and cellular and matrix changes, includ-
ing abnormal endothelial cell function and 
in the increased vascularity seen in the 
inflammatory complications of diabetes. 
Secretion of pro-inflammatory cytokines 
such as IL-1β, IL-6 and TNFα also appear 
to be increased by AGE/RAGE reaction and 
raised levels have been found in gingival 
crevicular fluid of diabetics compared to 
healthy subjects.41

A TRIANGULAR RELATIONSHIP?
In recent years there has been increas-
ing evidence for a two-way relationship 
between diabetes and periodontal dis-
ease, suggesting not only that diabetes 
exacerbates the inflammatory response to 
plaque accumulation, but that periodontal 
inflammation can impair glycaemic con-
trol 47–51and may predict the development 
of diabetes in non-diabetic subjects.52 The 
basis for this is partly a better understand-
ing of the metabolic processes linking 
diabetes and inflammation, supported by 
evidence that periodontal treatment can 
result in a reduction in plasma glycated 
haemoglobin (HbA1c), and improved gly-HbA1c), and improved gly-
caemic control for diabetic patients.53 As 
for the association between obesity and 
periodontal disease, a recent systematic 
review and meta-analysis found strong 
evidence for a direct association, but not 
for a direction for the association and so 
was unable to establish to what extent 
obesity exacerbated periodontal disease 

or the converse.22 A recent study from 
Japan found that obesity in women was 
associated with more severe periodontitis 
independent of their glucose tolerance, 
suggesting a direct link not dependent on 
diabetic status.54 It is possible that as well 
as a direct effect on glycaemic control, 
periodontal inflammation can disturb fat 
metabolism causing hyperlipidaemia55,56 
and by increasing the level of circulat-
ing pro-inflammatory cytokines induce 
inflammatory changes in adipose tissue 
leading to infiltration of chronic inflam-
matory cells and increased secretion of 
adipokines. This in turn would impair gly-
caemic control leading to increased AGE 
expression, increased formation of cyto-
kines and a further impact on periodontal 
inflammation. There are suggestions that 
gram-negative periodontal pathogens by 
secreting lipopolysaccharide could trigger 
the release of systemic cytokines, disturb-
ing fat metabolism and causing hypertri-
glyceridemia.28,49 All of these suggestions 
point to a possible three-way relation-
ship between adiposity, diabetes and 
periodontal disease with each condition 
influencing the others and inflammation 
providing the two-way conduit between 
each of them. 

CLINICAL CONSIDERATIONS
While diabetes is now well recognised 
as a risk factor for periodontal disease, 
recent research has established obesity, 
especially abdominal adiposity, as a risk 
factor because of its impact on glycaemic 
control. Periodontologists are well aware 
of the problems in stabilising periodontal 
disease in diabetic patients, but there is 
now convincing evidence that periodon-
tal treatment can result in reductions 
in HbA1c levels47,57,58 and while modest, 
there are clear indications that similar 
decreases can reduce the risk of diabetic 
co-morbidity and even mortality. It has 
been estimated that each 1% reduction 
in HbA1c is associated with reductions in 
risk of 21% for deaths related to diabetes, 
14% for myocardial infarction and 37% for 
microvascular complications.59 In a study 
of Pima Indians with type 2 diabetes, peri-with type 2 diabetes, peri-
odontal disease was found to be a strong 
predictor of mortality from ischaemic heart 
disease and diabetic nephropathy and was 
an addition to the effects of traditional risk 
factors for these diseases.60
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Given the evidence for a positive effect 
of periodontal treatment on glycaemic 
control and the link between central adi-
posity and poor control, the dental pro-
fession should now consider whether an 
assessment of adiposity and glycaemic 
control should be part of the clinical 
assessment of patients with periodontal 
disease. In November 2012 a consensus 
document following the ninth European 
Workshop on Periodontitis and Systemic 
Diseases stated that: ‘Patients with diabetes 
should be told that they are at increased 
risk for periodontitis. They should also be 
told that if they suffer from periodontal 
disease their glycaemic control may be 
more difficult and they are at higher risk 
for other complications such as cardiovas-
cular and kidney disease. Patients present-
ing with a diagnosis of type 1, type 2 or 
gestational diabetes should receive a thor-
ough oral examination, which includes a 
comprehensive periodontal evaluation. If 
periodontitis is diagnosed, it should be 
properly managed. If no periodontitis is 
diagnosed initially, patients with diabe-
tes should be placed on a preventive care 
regime and monitored regularly for peri-
odontal changes.’61,62

It has been suggested that dentists should 
be more proactive in working with medical 
colleagues in diagnosing and managing 
diabetic patients and should consider the 
use of a blood glucose monitor, especially 
if patients complained of any of the clas-
sic symptoms of diabetes.63 By doing so 
dentists have the opportunity to identify 
unrecognised diabetes and pre-diabetes in 
their patients and refer them to a physician 
for further evaluation and care.64 It has 
also been suggested that periodontologists 
should counsel obese patients regarding 
the possible oral complications of obesity, 
as they do with smoking, and include an 
assessment of abdominal adiposity on a 
regular basis for periodontal risk assess-
ment.53 While this can be done by calculat-
ing BMI there is evidence that waist-to-hip 
ratio and waist circumference are better 
predictors of periodontal disease27,35 and 
diabetes.65 Because of evidence that the 
prevention and treatment of periodontal 
disease may reduce the risk of systemic 
morbidity at both individual and popula-
tion levels the dental profession must help 
ensure that oral disease does not increase 
the burden of systemic disease.
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Corrigendum
Practice article (BDJ 2013; 214: 551-557)

‘Caries detection and diagnosis, sealants and management of the possibly carious fissure’
In the above practice article, the figure captions for Figures 2, 5 and 9 were incorrect. The correct figures captions are as follows:
Fig. 2  Possibly carious occlusal fissure upper right first permanent molar (tooth 16)
Fig. 5  Bitewing radiograph of upper right 6 (16) seen in Figure 2
Fig. 9  A buccal pit in a lower right first permanent molar (tooth 46), which would benefit from having been sealed

The author apologises for any confusion caused.
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