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ABSTRACT Associations of oral diseases with noncommunicable diseases such as diabetes, 
cardiovascular diseases, chronic respiratory diseases, osteoporosis and chronic renal failure are widely 
reported in the literature from developed countries. Commonality of risk factors, changes in systemic 
inflammatory mediators and body metabolism play a role in this association. This paper reviews current 
knowledge on the burden and association of oral and systemic diseases, and highlights the paucity of 
information and research from the Eastern Mediterranean Region and other developing countries. A 
call is made for further research to understand the status and significance of oral–systemic disease 
associations and develop guidelines for their control in this Region.

العبء املتزايد لألمراض غري السارية: الدور املسهم ألمراض الفم فيه، منظور إقليم رشق املتوسط
سيد أخرت حسني بخاري، أياذ عيل خان

مة حول االرتباط بني أمراض  اخلالصـة: نُرشت تقارير عىل نطاق واسع يف األدبيات الصادرة عن البلدان املتقدِّ
الفم واألمراض غري السارية مثل السكري واألمراض القلبية الوعائية واألمراض التنفسية املزمنة وختلخل العظام 
يف  والتغريات  هذه،  اخلطر  عوامل  شيوع  من  كلٌّ  االرتباط  هذا  يف  هاماً  دوراً  ويلعب  املزمن.  الكلوي  والفشل 
الوسائط االلتهابية اجلهازية واستقالب اجلسم. ويستعرض الباحثان يف هذه الورقة املعارف حول عبء وارتباط 
األمراض اجلهازية وأمراض الفم، ويوضحان قلة املعلومات والبحوث يف إقليم رشق املتوسط والبلدان النامية 
بني  االرتباط  وأمهية  لوضع  أفضل  فهم  عىل  للحصول  البحوث  من  املزيد  إجراء  إىل  الباحثان  ويدعو   .األخر

األمراض اجلهازية وأمراض الفم وإعداد دالئل إرشادية ملكافحتها يف اإلقليم. 

Charge croissante des maladies non transmissibles : le rôle contributif des affections bucco-

dentaires. Le point de vue de la Région de la Méditerranée orientale

RÉSUMÉ L’association entre les atteintes bucco-dentaires et les maladies non transmissibles telles 
que le diabète, les maladies cardiovasculaires, les maladies respiratoires chroniques, l’ostéoporose et 
l’insuffisance rénale chronique fait l’objet d’une abondante littérature dans les pays développés. Les 
points communs entre les facteurs de risque, les modifications au niveau systémique des médiateurs 
inflammatoires et le métabolisme du corps humain jouent un rôle dans cette association. Cet article 
examine les connaissances actuelles sur la charge des maladies bucco-dentaires et systémiques 
et leur association, et met en lumière le manque d’information et de recherche dans la Région de la 
Méditerranée orientale et les autres pays en développement. Un appel à l’intensification de la recherche 
est lancé, afin que l’on comprenne l’importance et la signification de l’association entre maladies bucco-
dentaires et systémiques et que l’on définisse des lignes directrices permettant de lutter contre ces 
maladies dans la Région.
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Introduction

The world is facing an epidemic of chronic 
diseases, especially noncommunicable dis-
eases (NCD). Heart disease, stroke, cancer, 
diabetes and chronic respiratory disease are 
the leading causes of death in every region 
of the world [1]. In countries of the Eastern 
Mediterranean Region (EMR) 47% of the 
Region’s burden of disease is currently due 
to NCD, and this is expected to rise to 60% 
by the year 2020 [2]. It is predicted that by 
2020 these diseases will be causing 7 out of 
every 10 deaths in developing countries [3] 
and 60% of all mortality will be attributable 
to NCD [4]. Future decades will see dra-
matic changes in the health needs of poor 
and developing countries. In view of the 
estimates of the growing burden of NCD on 
the lives of poor people, greater recognition 
of the importance of NCD is needed [5]. 

Oral diseases are included among the 
World Health Organization (WHO) defini-
tion of chronic diseases [1], and the im-
portance of oral health is recognized as 
more than just healthy teeth: “the mouth is 
a mirror of health or disease, a sentinel or 
early warning system, an accessible model 
for the study of other tissues and organs and 
as a potential source of pathology affecting 
other systems and organs” [6].

Oral–systemic disease connections are 
not new and according to the American Den-
tal Association as many as 200 possible as-
sociations between systemic conditions and 
oral manifestations can be identified in the 
literature [7]. The relationship of poor oral 
health—mainly due to periodontal diseases 
and/or tooth loss—and increased risk of 
cardiovascular diseases (CVD), pulmonary 
diseases, diabetes, pregnancy outcomes, and 
all-cause mortality have become a constant 
issue of discussion in the current scientific 
literature [8]. These chronic systemic and 
oral diseases share many common risk fac-

tors such as heredity, age, sex, education, 
sedentary lifestyle, smoking, diet and obes-
ity [9]. Epidemiological and clinical studies 
identify a relationship between oral diseases 
and NCD, but the relationship has not been 
clearly established as a causal one. Several 
pathophysiological pathways of association 
are postulated to explain this relationship. 
Certain criteria for a cause–effect relation-
ship have been suggested which provide a 
direction for future investigations. 

The objective of this review article was 
to explore the literature for information on 
the status, association and burden of oral 
diseases in relation to NCD in developing 
countries generally and the EMR especially 
in order to review the body of global re-
search evidence about possible pathways 
of infection. The rationale of this review 
was to highlight the lack of information and 
research about the impact of oral diseases 
on NCD in this Region and to stress the 
importance of oral health issues in medicine 
in relation to the risk of NCD.

Research method

Online searches were made to find literature 
on oral diseases, e.g. dental caries, perio-
dontal diseases and tooth loss, and on NCD, 
e.g. CVD, diabetes, chronic respiratory dis-
eases, osteoporosis and renal complications. 
PubMed and websites of peer-reviewed 
journals, WHO, World Heart Federation, 
International Diabetes Federation and other 
health organizations were browsed to col-
lect the required information related to 
NCD and oral diseases. 

Burden of oral diseases

Oral diseases are prevalent globally. Dental 
caries and periodontal diseases, which have 
historically been considered the most im-
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portant global oral health burdens, vary in 
distribution and severity in different parts of 
the world [10]. The prevalence and severity 
of oral diseases is affected by age, sex, race, 
geographic area, socioeconomic factors, lo-
cal and systemic factors and methods of oral 
cleansing [11]. 

Dental caries affect 60%–90% of school-
children and adults in EMR countries. The 
average decayed/missing/filled teeth (DMF) 
score exceeds 2.00. The problem of missing 
teeth is reported to be smaller in industrial-
ized countries than in developing countries. 
Edentulism in those aged 65+ years is re-
ported as 7% for Egypt, 20% for Lebanon 
and 31%–46% for Saudi Arabia [12]. While 
there is research on missing teeth in EMR 
countries, e.g. from Jordan [13], in general 
data from the Region are sparse. Periodon-
tal disease is prevalent in all age groups; the 
current view is that some 5%–20% of any 
population suffers from severe generalized 
periodontitis, and moderate disease affects 
a majority of adults. If the minimum level 
of disease is defined as “one site of clini-
cal loss of attachment of 2 mm or more”, 
around 80% of all adults and over 90% of 
those aged 55–64 years are affected [14]. 
WHO data confirm that the problem of den-
tal caries continues to increase and that the 
prevalence of periodontal disease remains 
high in developing countries [15].

Oral disease and diabetes

A bidirectional relationship of diabetes 
and periodontal diseases is reported in the 
literature [16,17], as the presence of one 
condition tends to promote the other and 
periodontal disease is graded as the 6th most 
common complication of diabetes mellitus 
[18]. Greater prevalence, severity, extent 
or progression of periodontal diseases [19], 
greater tooth loss when compared with gen-
eral populations [18,20], higher incidence of 

dental caries [21] and poor oral health [20] 
are reported in diabetic patients. However 
there is insufficient evidence to determine 
a relationship between diabetes and higher 
risk for coronal or root caries [17]. 

The relationship between diabetes mel-
litus and periodontal disease has been ex-
plained in many ways. Oral infections serve 
as metabolic stressors that may exacerbate 
systemic disease [21] and bacterial products 
propagate an inflammatory response in 
the host through Toll-like receptors that 
induce an inflammatory cascade [22]. The 
physiological phenomena of impaired body 
resistance, vascular changes, altered oral 
microflora and abnormal collagen metabo-
lism found in diabetes may explain the 
association with periodontitis [23]. 

Oral disease and cardiovascular 

disease

Oral infections are associated with CVD as 
risk factors and this association is independ-
ent of the “classic” coronary risk factors 
[24]. One review of studies and several 
cross-sectional, case–control and follow-up 
studies report a positive association of poor 
oral health with CVD [12,25–29]. These 
include an association of periodontitis with 
carotid calcification and stroke [26]; of 
tooth loss and periodontal parameters (peri-
odontal pocket and clinical attachment loss) 
with cases of myocardial infarction and 
angina [27]; and of chronic periodontitis 
with future events of acute myocardial in-
farction [28]. But the associations of other 
oral health indicators, e.g. dental caries, 
presence of remaining teeth, dental plaque 
and dentures, with CHD deaths are not sig-
nificant [29].

The association between poor oral 
health and CHD is explained by changes 
in inflammatory and haemostatic factors 
[30]. Key inflammatory mediators [C-
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reactive protein (CRP), serum amyloid A, 
ceruloplasmin, alpha(1)-acid-glycoprotein 
and alpha(1)-antichymotrypsin] increased 
3-fold in patients with both CVD and 
periodontal disease [31]; CRP increases 
independently in patients with periodon-
titis [32] and coronary calcification [33] 
and is associated with increased risk for 
future development of atherosclerosis in 
periodontitis patients [34]. White blood cell 
counts increased with the severity of peri-
odontitis in both smoking and nonsmoking 
groups of patients [35]. Concentrations of 
pro-inflammatory markers (interleukin-1β, 
tumour necrosis factor-α, interleukin-2, 
interferon cytokine-у) were on average 
significantly higher in serum samples and 
gingival tissue biopsies from periodontitis 
patients than healthy controls [36]. Lipid 
profiles also showed that total cholesterol/
high-density lipoprotein cholesterol ratio 
was higher in patients with periodontitis and 
CVD [37]. 

Intervention studies have shown an in-
fluence of periodontal treatment in CVD 
patients by bringing changes in serum 
inflammatory and haemostatic markers, 
suggesting that prevention and control of 
periodontal diseases may play a role in 
the initiation and/or progression of CVD 
[34,38–40]. CRP levels were modified by 
periodontal treatment [41].

Oral disease and chronic 

respiratory disease

Recent studies provide evidence that oral 
infections may influence the initiation and 
progression of lung disease, but the link re-
mains controversial [42,43]. Joshipura has 
reported a high prevalence of dental plaque 
colonization of potential pathogens for bac-
terial pneumonia, an association of anaero-
bic pulmonary infection with periodontitis, 

an association of poor oral hygiene with 
chronic respiratory disease, an association 
of alveolar bone loss at baseline with subse-
quent pulmonary disease and systemic ac-
tivation of cytokines in periodontal disease 
[8]. Meta-analysis of 5 intervention studies 
on the relationship of oral hygiene and 
pneumonia showed that improvement in 
oral hygiene reduced incidence of nosoco-
mial pneumonia by on average 40% [44]. 

Oral disease and osteoporosis

The literature provides increasing evidence 
that osteoporosis is associated with peri-
odontitis and tooth loss [45], but the results 
are inconsistent. Reviews of studies dem-
onstrate a significant association between 
bone mass density of the mandible and 
peripheral skeleton, and a correlation be-
tween decreased mandibular bone mass and 
tooth loss [46,47], but this is not definitely 
proven. Bollen et al. reported an association 
of osteoporotic fractures with the number of 
teeth and with age [48]. Klemetti suggested 
that individuals with high mineral values 
in the skeleton seem to retain their teeth 
with deep periodontal pockets more easily 
than those with osteoporosis [49]. A case–
control study found no statistically sig-
nificant differences between osteoporotic 
patients for cortical width, panoramic man-
dibular index, alveolar crest resorption de-
gree, fractal dimension and the number of 
mandibular teeth, but there was a difference 
for cortical index [47].

Studies report that there is an association 
between edentulousness, periodontal disease 
and longitudinal changes in mandibular bone 
mass density [50]; that the present number 
of teeth are highly related to thoracic spine 
fracture and with latent osteoporosis [51]; 
and that a decrease in mandibular bone 
mass positively correlates with tooth loss in 
females, but not in males [52]. 
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Oral diseases and chronic renal 

failure

Data on the epidemiology of chronic re-
nal failure (CRF) are available for many 
European countries, but limited for other 
countries. Oral soft and hard tissues are 
significantly affected as result of CRF. 
Children with CRF have significantly fewer 
dental caries than healthy children due to 
the inhibitory effect of increased salivary 
urea levels, and an early effect of enamel 
hypoplasia is due to a defect of enamel 
development and mineralization [16,53]. 
As reported in many epidemiological and 
case–control studies CRF is associated with 
several oral manifestations, e.g. with oral 
infections, dental anomalies of delayed 
eruption and enamel hypoplasia in children 
and gingival enlargement in adults [16,54] 
and with poor oral hygiene and significantly 
higher plaque and calculus indices [55]. 
An increased risk of periodontitis has been 
reported in 80.6% of haemodialysis cases 
[56], and premature tooth loss and local-
ized suppurative osteomyelitis secondary 
to periodontitis in individuals receiving 
haemodialysis. CRF has also been associ-
ated with symptoms of xerostomia and 
reduced salivary flow [57,58]; oral uraemic 
malodour/bad taste [59]; and petechia and/
or ecchymosis and increased tongue coat-
ing and mucosal lesions such as uraemic 
stomatitis [60].

Possible pathways of association 

between oral disease and NCD 

Many pathways of association of oral infec-
tions and NCD have been postulated, e.g:
• Oral infections might contribute to the 

pathogenesis of CHD by the effects of 
endotoxins on the circulation; the role of 
heat-shock proteins; infection-induced 

perturbations in lipid profiles; and the 
formation of acute-phase reactants [61]. 

• Aspiration of saliva contaminated with 
oral bacteria, endotoxins, lipopolysaccha-
rides and enzymes promotes inflamma-
tion and infection of the lower respiratory 
tract and may develop to chronic obstruc-
tive pulmonary disease [62].

• Osteoporosis affects alveolar bone den-
sity that contributes towards a progres-
sion of periodontitis [63] that results 
in a weakening of the tooth socket and 
eventual loss of teeth [64].

• In diabetes the association with oral 
disease includes microvascular changes; 
changes in the components of the gingi-
val crevicular fluid; changes in collagen 
metabolism; an altered host response; 
alteration in subgingival flora; genetic 
predisposition; and monoenzymatic gly-
cation [65]. 

• In renal failure, oral infections corre-
late with markers of malnutrition and 
inflammation [66]; immunosuppression 
with cyclosporine A; reduced immuno-
deficiency [53]; and use of antihyperten-
sive calcium-blocking agents [56].

Discussion

A great volume of research is available in 
the literature about the association of oral 
disease with NCD such as diabetes or CVD. 
The global health challenge posed by the 
escalating burden of NCD in the developing 
world is well documented in various reports 
and publications [67]. Chronic diseases are a 
larger problem in low-income settings. Data 
on the global burden of NCD reveals a clear 
dominance of CVD, and research on chronic 
diseases in resource-poor nations remains 
embryonic [68]. A permanent threat of sys-
temic toxicity and injury may be anticipated 
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through bacterial endotoxins from oral ori-
gin entering the bloodstream, especially in 
patients with severe periodontal disease 
[69]. The emerging concept of “periodon-
tal medicine” highlights the importance of 
research into periodontal–systemic relation-
ships as a major source of potential contribu-
tory risk factors for systemic diseases [70]. 
Research on oral diseases is neglected and 
has a small share in the medical research 
work of developing countries. A stark il-
lustration of the divide between the devel-
oped and developing world is provided by 
expenditure on global health research. Of 
the US$ 70 billion spent annually, only 10% 
is allocated to poor countries that bear 90% 
of the world’s disease burden: the so-called 
“10–90 gap” [71]. 

Poor literacy rates and lack of awareness 
of disease symptoms in the population of 
developing nations results in worse disease 
outcomes [72]. People of South Asian de-
scent have one of the highest risks of CVD 
in the world. Thus it is likely that escalation 
of the global CVD epidemic will be most 
marked in Pakistan and India [73], and 
available data from the EMR shows that 
both men and women are at high risk [3]. 
Urbanization and industrialization bring 
changes in lifestyle that can affect oral 
and general health. Although oral health 
problems appear not to be life-threatening 
and have a low burden on daily life, when 
it comes to quality of life, oral and den-
tal conditions are characterized in terms 
of “impairment, disability and handicap” 
[12]. Like other NCDs, oral diseases such 
as periodontal diseases, dental caries and 
tooth loss are preventable and controllable 
through healthy behaviours and lifestyle 
changes. Prevention is the most effective 
way of combating CVD and other chronic 
diseases [73].

Abundant information about these chal-
lenging diseases and guidelines for preven-

tion and control are available for developed 
countries, while there is poor representation 
of research and literature from developing 
countries that have the greatest disease 
burden [71]. The volume of research and 
production of scientific knowledge in de-
veloping countries is negligible. Dental 
scientific literature productivity in EMR 
countries is estimated to be 2.46% of the 
total scientific literature [74]. 

Conclusion 

The literature provides evidence for an 
association with and contributory role of 
oral diseases to NCD, working through 
systemic pathophysiological phenomena. 
Understanding the association of tooth loss, 
periodontal disease and other oral health 
parameters with NCD remains uncertain 
until prospective controlled studies are con-
ducted. The studies available are largely 
from developed countries and few report 
any research on oral–systemic disease rela-
tionships from the EMR. The wide gap of 
representation of health issues between de-
veloped and developing countries needs to 
be addressed. This calls for attention from 
the WHO, World Bank and other interna-
tional research organizations to address the 
issue in developing countries where NCD 
are becoming more of a challenge. There is 
a need to include oral diseases in WHO’s 
STEPwise approach of disease surveillance 
while doing research on the prevention and 
control of NCD in countries at high risk 
of NCD and where relevant data on oral 
diseases is scarce [75]. It is important to 
establish a system of global surveillance of 
diseases based on the principles of equality 
of all people and health improvement as a 
common goal of humanity [76]. 
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