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Periodontal infections: A risk factor for various systemic
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ABSTRACT
A healthy periodontium is vital for the general well-being of an
individual. However, periodontal diseases are common and
periodontal infections are increasingly associated with systemic
diseases. We aimed to critically evaluate the literature on the
association between periodontal infections and systemic
diseases. We searched the PubMed database over a 20-year
period for literature on periodontal diseases and their links to
various systemic diseases, and examined the strength of
association between periodontal disease and each systemic
disease, the dose–response relationship, and the biological
plausibility. We found that individuals with periodontal disease
may be at higher risk for adverse medical outcomes including
cardiovascular diseases, respiratory infections, adverse
pregnancy outcomes, rheumatoid arthritis and diabetes mellitus.
Many cohort, in vitro and animal studies suggest that systemic
inflammation due to pathogens associated with periodontal
disease may play a role in the initiation and progression of
some systemic diseases. Periodontal infections should therefore
be considered as a risk factor for various systemic diseases.
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INTRODUCTION
The oral cavity is a mirror of the body and reflects the general
health and well-being of an individual.1 Humans have been
afflicted by major oral diseases such as dental caries and periodontal
diseases since time immemorial.2 Periodontal infections have
many causes, often modified by underlying systemic conditions.3

In recent years, there has been a shift in interest from understanding
periodontal manifestations of systemic diseases to linking the role
of periodontal infections with various systemic diseases.

Associations have been reported between periodontal disease
and cardiovascular disease (CVD), stroke, diabetes, preterm low
birth-weight babies, respiratory infections and rheumatoid
arthritis (RA).4

Periodontal disease is the result of host inflammatory reaction
to bacterial infection. The focus of infection in the oral cavity can
lead to systemic inflammation resulting in adverse medical
outcomes. There is a need to educate both dentists as well as
general healthcare practitioners about this important aspect of
oral health. It is also necessary to coordinate with medical
institutions where the results of emerging research are translated
into practice guidelines. As the prevalence of CVD, cerebrovascular
accidents, respiratory infections and diabetes is increasing globally,
identifying risk factors other than the traditionally recognized
ones may help in effectively preventing and managing these
diseases.

We have summarized the available evidence on the possible
mechanisms by which periodontal infections may be responsible
for the initiation and progression of systemic diseases. We hope
this will increase awareness of the importance of oral health,
which is often neglected in India.

METHODS
We searched the PubMed database from 1990 through 2010 (both
years included) for English language articles using the following
search terms: ‘Periodontal disease and systemic diseases’,
‘periodontal disease and atherosclerosis’, ‘P. gingivalis and
cardiovascular diseases’, ‘periodontal disease and stroke’,
‘periodontitis and respiratory infections’, ‘periodontal disease
and diabetes mellitus’, ‘periodontal infections and rheumatoid
arthritis’ and ‘periodontal infections and preterm low birth weight
babies’. We selected and reviewed cross-sectional, longitudinal,
cohort, in vitro and animal studies that provided information
related to periodontal infection and systemic diseases.

WHAT ARE PERIODONTAL DISEASES?
Periodontal diseases are a group of diseases that cause inflammation
and destruction of the investing and supporting structures of the
teeth (such as the gingiva, periodontal ligament, alveolar bone and
cementum of the tooth), as well as the periodontal tissues. This
leads to apical migration of the junctional epithelium, resulting in
the formation of periodontal pockets.5,6 Periodontal diseases occur
due to a complex interplay of bacterial infection and host response,
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often modified by behavioural factors and various systemic
conditions such as metabolic disorders (diabetes mellitus, female
hormonal imbalance), drug-induced disorders, haematological
disorders such as leukaemia, and immune system disorders. These
systemic disorders have been shown to affect the periodontium
and/or influence the treatment of periodontal disease.5

Periodontal disease is caused by bacteria found in dental
plaque, and about 10 species have been identified as putative
pathogens in periodontal disease. Pathogens frequently associated
with periodontal disease include Aggregatibacter actinomycete-
mcomitans (previously Actinobacillus actinomycetemcomitans),
Capnocytophaga, Campylobacter rectus, Fusobacterium
nucleatum, Porphyromonas gingivalis, Prevotella intermedia,
Tannerella forsythia and Treponema denticola.6

PERIODONTAL INFECTIONS AND CARDIOVASCULAR
DISEASES
Both periodontal diseases and CVD are chronic, whose causes are
multifactorial. Risk factors common to both include older age,
male gender and smoking, and psychosocial factors such as stress.
A number of epidemiological studies in the 1990s suggested a
relationship between CVD and periodontal diseases.7–9 However,
these observational studies did not provide a rationale for
periodontal infections leading to systemic complications.

There is now epidemiological evidence to support the concept
that poor oral health, especially extensive and severe periodontal
disease, may put patients at risk for a variety of systemic conditions
such as CVD.10 This association highlights the importance of
good oral health. Poor dental health has been associated with an
increased risk of fatal coronary heart disease (CHD).11 Thus,
maintenance of good oral hygiene is important. A study by de
Oliveira et al.12 showed that infrequent brushing of the teeth was
associated with increased concentrations of C-reactive protein
(CRP) and fibrinogen; both are associated with coronary arterial
plaque formation.

Strength of association
The evidence for a link between periodontal disease and
cardiovascular risk has been reviewed by several groups. In a
meta-analysis of published studies, Humphrey et al.13 found a
higher risk for CVD in those with periodontal disease, with a
summary relative risk (RR) estimate ranging from 1.24 (95% CI
1.01–1.51) to 1.34 (95% CI 1.10–1.63). Cronin14 has provided an
insightful commentary on this study. In a similar review, Janket
et al.15 concluded that in patients with periodontal disease, the RR
of future cardiovascular events was 1.19 (95% CI 1.08–1.32). In
another meta-analysis by Khader et al.,16 the adjusted risk of CHD
in those with periodontitis was 1.15 (95% CI 1.06–1.25) and the
overall adjusted RR of CVD was 1.13 (95% CI 1.01–1.27).
However, in a consensus review from the UK and Ireland,
Williams et al.17 have stressed the need for further prospective
research before a causal relationship can be established between
periodontal disease, CVD and diabetes. Similar views have been
expressed in a systematic review by Scannapieco et al.,18 who
found a modest association between periodontal disease and
atherosclerosis, myocardial infarction and CVD.

Dose–response relationship
The systemic inflammatory burden varies according to the stage
of periodontal infection. A study of patients with acute ischaemic
heart disease showed that triglyceride and low density lipoprotein
(LDL) levels were raised in patients with severe chronic

periodontitis compared with those who had mild chronic
periodontitis, while high density lipoprotein (HDL) levels were
low in those with severe chronic periodontitis.19

As periodontal infections are one of the reasons for the loss of
teeth, the number of remaining teeth may indicate the risk for
CHD. A study suggests that there was a 7-fold increased risk of
mortality from CHD in subjects with <10 teeth compared with
those with >25 teeth.20

A statistically significant association has been reported between
periodontal disease and fatal CHD with risk ratios of 2.15 (95%
CI 1.25–3.72) and 1.90 (95% CI 1.17–3.10) for severe gingivitis
and edentulous status, respectively.21 The Consensus Report of
the Sixth European Workshop on Periodontology 200822 suggested
that periodontitis contributes to the total infectious and
inflammatory burden which, in turn, may contribute to
cardiovascular events and stroke in susceptible subjects.

The association of periodontal disease with atherosclerosis,
myocardial infarction and CVD is of public health importance due
to the high prevalence of periodontal diseases in the community.
Gingival bleeding is highly prevalent among adult populations in
all regions of the world; advanced disease with deep periodontal
pockets (>6 mm) affects 10%–15% of adults worldwide.23

The ‘National Oral Health Survey and Fluoride Mapping
2002–2003’ found that the prevalence of periodontal disease in
India increased in those above the age of 12 years. In children aged
12 years, the prevalence was 57%, and peaked at 89.6% in the age
group of 35–44 years. The prevalence was lower in the age group
of 65–74 years (79.9%). Calculus was more prevalent than bleeding
across age groups. Periodontal pockets, both shallow (4–5 mm)
and deep (>6 mm), were markedly more common in older adults
(65–74 years).24

Biological plausibility
Atherosclerosis is considered to be an inflammatory disease and
infections are an important cause of systemic inflammation.25

Exposure to periodontal pathogens, particularly P. gingivalis,
causes systemic inflammation and an increased risk for CVD.26

Periodontal infection predisposes individuals to an increased
incidence of bacteraemia resulting in a persistent bacterial challenge
to the arterial endothelium. P. gingivalis has been found to invade
and proliferate in human coronary artery endothelial cells and
coronary artery smooth muscle cells.27

The microbial challenge contributes to a macrophage/
monocyte-derived inflammation, resulting in increased levels of
pro-inflammatory cytokines such as interleukin (IL)-1β, IL-6 and
tumour necrosis factor (TNF)-α.28 It also results in increased
levels of CRP which is a risk factor for CVD.29 Findings in animal
models have shown that macrophages/monocytes proliferate in
the smooth muscles of the heart, and the arterial intima, ingest
LDL and become engorged ‘foam cells’. These lead to an
autoimmune phenomenon resulting in atheroma or arterial plaque
formation. P. gingivalis is predominantly involved in this process.30

Various studies have reported the presence of bacterial DNA of
oral pathogenic microorganisms in coronary atherosclerotic
plaques. The presence of bacterial DNA in coronary atherosclerotic
plaques in considerable proportions may suggest a possible
relationship between periodontal bacterial infection and genesis
of coronary atherosclerosis.31,32 A few studies have negated
these findings.33,34 Even though many clinical, laboratory and
animal-based models have been used to ascertain the biological
plausibility, the exact mechanism is still unclear and more studies
are necessary.
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PERIODONTAL INFECTIONS AND STROKE
Various studies have correlated periodontal disease with
stroke.35–38

Strength of association
In a case–control study, periodontitis (clinical attachment loss
[CAL] >6 mm) was found to be significantly associated with
haemorrhagic stroke (odds ratio [OR] 2.5, 95% CI 1.1–5.6), but
this association did not exhibit a dose-dependent response for
periodontitis.39 Findings from an Indian study showed that a
probing pocket depth (PPD) of >4.5 mm was the most significant
risk factor for stroke (OR 8.5, 95% CI 1.1–68.2) followed by
hypertension (OR 7.6, 95% CI 3.3–17.1) and smoking (OR 3.1,
95% CI 1.3–7.4).35

Biological plausibility
Periodontal infections are associated with systemic inflammation
characterized by an increased burden of periodontal pathogens,
antigens, endotoxins and liberation of pro-inflammatory cytokines,
which may contribute to atherogenesis and thrombo-embolic
events culminating in ischaemic stroke.36,38

PERIODONTAL INFECTIONS AND LOW BIRTH-WEIGHT
AND PRETERM BABIES
Many prospective cohort studies, case–control studies and cross-
sectional observational studies have correlated poor maternal
periodontal health with low birth-weight (LBW) and preterm
babies.40,41

Strength of association
A case–control study by Pitiphat et al.42 found that the OR
associated with periodontitis was 1.74 (95% CI 0.65–4.66) for
preterm delivery and 2.11 (95% CI 0.76–5.86) for small-for-
gestational age (SGA) babies. When preterm delivery and/or SGA
were combined, the OR was 2.26 (95% CI 1.05–4.85). Another
case–control study found that maternal periodontitis was associated
with preterm birth (OR 1.77, 95% CI 1.12–2.59), LBW (OR 1.67,
95% CI 1.11–2.51) and intrauterine growth restriction (OR 2.06,
95% CI 1.07–4.19).43

A meta-analysis by Khader and Ta’ani44 showed that pregnant
women with periodontal disease had an overall adjusted risk of
preterm birth that was 4.28 (95% CI 2.62–6.99) times more than
that of healthy subjects. The overall adjusted OR of preterm LBW
was 5.28 (95% CI 2.21–12.62), while the overall adjusted OR of
a preterm delivery or LBW was 2.3 (95% CI 1.21–4.38).

Dose–response relationship
The severity of periodontitis may adversely affect pregnancy
outcomes in a dose-dependent manner. One report suggested that
the average PPD and average CAL were significantly higher
among women who gave birth to preterm LBW babies.45 The
extent and severity of periodontal diseases appeared to be associated
with increased odds of preterm LBW delivery. Larger studies are
needed before one can be sure that periodontal infection is a true
risk factor for preterm LBW.

Biological plausibility
Chronic infections during pregnancy are associated with premature
labour.46 Periodontal infection may lead to systemic inflammation,
which is associated with an increase in CRP levels. Very high CRP
levels in early pregnancy have been found to be associated with
preterm delivery.47

The response of the mother’s immune system to infection by
these periodontal pathogens brings about the release of
inflammatory mediators which may trigger preterm labour or
result in LBW infants.48 P. gingivalis and Fusobacterium nucleatum
may colonize placental tissue and contribute to preterm delivery.
Studies in animals have shown that these microorganisms can
invade maternal and foetal tissues resulting in chorioamnionitis
and placentitis.49,50

In view of the possible adverse effects of periodontal infections
on pregnancy outcomes, it is important to promote good oral
hygiene during routine pre- and antenatal visits.

PERIODONTAL INFECTIONS AND RESPIRATORY
DISEASES
Dental plaque may promote oral and oropharyngeal colonization
by respiratory pathogens.51 Bacteria from oral biofilms may be
aspirated into the respiratory tract to initiate and cause progression
of conditions such as aspiration pneumonia, chronic obstruc-
tive pulmonary disease (COPD) and lower respiratory tract
infections.52–54 Reports suggest that patients on ventilators are at
higher risk for acquiring fatal pneumonia due to periodontal
infections,55 and poor periodontal health in the elderly may be
associated with increased mortality from pneumonia.56 The results
of a systematic review suggest that oral colonization by respiratory
pathogens, due to poor oral hygiene and periodontal diseases,
appears to be associated with nosocomial pneumonia.57

Strength of association
In a systematic review, Azarpazhooh and Leake58 showed evidence
of association of pneumonia with oral health (OR 1.2–9.6) but a
weak association (OR<2.0) between COPD and oral health. The
review showed good evidence that improved oral hygiene and
frequent professional oral healthcare reduces the progression or
occurrence of respiratory diseases among high-risk elderly adults
living in nursing homes, especially those in intensive care units
(relative risk reduction 34%–83%).

Biological plausibility
It has been reported that dental plaque may act as a reservoir for
respiratory pathogens such as Staphylococcus aureus, Pseudo-
monas aeruginosa, P. gingivalis, A. actinomycete-mcomitans and
enteric species, and thus be an important risk factor for various
respiratory infections.59 Enzymes released from oral bacteria may
act on the respiratory mucosal surface promoting adhesion and
colonization of respiratory pathogens.60

In addition, oral bacterial products in oropharyngeal aspirates
may stimulate cytokine production from the respiratory epithelial
cells, resulting in recruitment of inflammatory cells. The resulting
inflamed epithelium may be more susceptible to respiratory
infection.61 The findings of many studies underline the necessity
of improving oral hygiene among patients who are at risk for life-
threatening respiratory infections, such as those living in long
term care institutions.

PERIODONTAL INFECTIONS AND DIABETES MELLITUS
The association of periodontal infections and diabetes mellitus is
bidirectional.62 Various oral conditions are associated with diabetes
such as dry mouth, candidal infections, delayed wound healing
and periodontal disease. Periodontitis has been described as the
sixth complication of diabetes, together with retinopathy,
nephropathy, neuropathy, macrovascular disease and altered
wound healing.63,64
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Poorly controlled diabetes is also associated with periodontal
diseases.64,65 Severe periodontitis in people with diabetes increases
the risk of poor glycaemic control due to release of pro-inflammatory
cytokines such as TNF-α, which are known to play a role in
inducing insulin resistance in a manner similar to that of obesity.66,67

Based on their systematic review, Taylor and Borgnakke68

concluded that periodontitis poses an increased risk for worsening
glycaemic control. The risk of developing ketoacidosis, retinopathy
and neuropathy is also higher among people who have diabetes
and periodontitis.69

Dose–response relationship
Chronic periodontitis may have an effect on insulin resistance,
since increased levels of TNF-α are seen in patients with severe
periodontitis. In chronic periodontitis, there is persistent release
of lipopolysachharides (LPS) from P. gingivalis and prolonged
upregulation of TNF-α, which may increase the severity of
diabetes.70 A chronic increase in serum TNF-α due to periodontal
infection may actually cause type 2 diabetes as insulin resistance
increases, and the patient can no longer metabolize glucose
appropriately.71

Taylor et al.72 found that patients with severe periodontitis had
an increased risk of developing poor glycaemic control over time.

Biological plausibility
There is no clear evidence of a causal association between
periodontitis and diabetes, but severe periodontal disease increases
the severity of diabetes mellitus and complicates metabolic control.
Microorganisms that cause periodontitis and the host inflammatory
response to these may increase insulin resistance in people with
diabetes. This process may be reversed following treatment for
periodontitis.72,73

Studies have reported that periodontal diseases lead to a
significant increase in glycated haemoglobin (HbA1c) and high-
sensitivity CRP, which may be associated with poor glycaemic
control.74 The virulence of P. gingivalis is also one of the factors
associated with poor glycaemic control.75

PERIODONTAL INFECTIONS AND RHEUMATOID
ARTHRITIS
There is evidence to suggest a relationship between the extent and
severity of periodontal disease and RA.76–78

Biological plausibility
Many studies suggest that periodontitis could indeed be a causal
factor in the initiation and maintenance of the autoimmune
inflammatory response that occurs in RA.79,80 Studies also support
the fact that both conditions manifest as a result of an imbalance
between pro- and anti-inflammatory cytokines. As a result, new
treatment strategies are expected to emerge for both diseases that
may target the inhibition of pro-inflammatory cytokines and
destructive proteases.78–80 Findings that support the hypothesis
that oral infections play a role in the pathogenesis of RA are the
impact of periodontal pathogens such as P. gingivalis on
citrullination, and the association of periodontitis in RA patients
with seropositivity for rheumatoid factor and the anti-cyclic
citrullinated peptide antibody.81 The findings of a case–control
study suggest that antibodies to P. gingivalis are more common in
patients with RA than in healthy controls. An association of P.
gingivalis titres with RA-related autoantibody and CRP levels
suggests that infection with this organism may play a role in the
risk for and progression of RA.82

Patients with RA should be carefully screened and their
periodontal condition treated appropriately.

EFFECT OF PERIODONTAL TREATMENT
Periodontal treatment, a relatively simple and cost-effective
intervention, has many benefits. Many studies report a decrease in
plasma levels of pro-inflammatory cytokines, CRP and other
markers of systemic inflammation.83–86 Periodontal management
markedly reduces systemic inflammatory markers after 1 year but
not in the short term, and also improves endothelial function.87,88

It decreases insulin resistance in patients with diabetes, improves
periodontal health89 and reduces the severity of RA if anti-TNF-α
therapy is used along with standard periodontal therapy.90 Use of
chlorhexidine (0.12%) mouth rinse also decreases the risk of
ventilator-associated pneumonia (VAP).91 Timely dental treatment
can not only halt progression of the disease but possibly also
reduce the risk of developing various systemic conditions.

CURRENT GAPS IN RESEARCH
Even though initial descriptive studies and recent cohort, case–
control and experimental studies have sought to find links between
periodontitis and various systemic diseases, a causal relationship
needs to be shown through prospective cohort studies and
randomized controlled trials. A temporal relationship has been
shown for CVD, stroke and adverse pregnancy outcomes but not
for diabetes and RA.

CONCLUSION
Periodontal disease is possibly an important risk factor for various
systemic diseases. Maintenance of good oral health should be
given priority. People should be educated on the importance of
good oral health and the risks associated with poor oral health.
Dentists and medical practitioners should work together to provide
comprehensive healthcare, thereby reducing the morbidity and
mortality associated with periodontal infections.

Conflict of interest: None declared

REFERENCES
1 Long RG, Hlousek L, Doyle JL. Oral manifestations of systemic diseases. Mt Sinai

J Med 1998;65:309–15.
2 Ripamonti U. Paleopathology in Australopithecus africanus: A suggested case of a

3-million-year-old prepubertal periodontitis. Am J Phys Anthropol 1988;76:
197–210.

3 Kuo LC, Polson AM, Kang T. Associations between periodontal diseases and
systemic diseases: A review of the inter-relationships and interactions with diabetes,
respiratory diseases, cardiovascular diseases and osteoporosis. Public Health 2008;
122:417–33.

4 Kim J, Amar S. Periodontal disease and systemic conditions: A bidirectional
relationship. Odontology 2006;94:10–21.

5 Page RC. The etiology and pathogenesis of periodontitis. Compend Contin Educ
Dent 2002;23 (5 Suppl):11–14.

6 Loesche WJ, Grossman NS. Periodontal disease as a specific, albeit chronic,
infection: Diagnosis and treatment. Clin Microbiol Rev 200;14:727–52.

7 DeStefano F, Anda RF, Kahn HS, Williamson DF, Russell CM. Dental disease and
risk of coronary heart disease and mortality. BMJ 1993;306:688–91.

8 Paunio K, Impivaara O, Tiekso J, Mäki J. Missing teeth and ischaemic heart disease
in men aged 45–64 years. Eur Heart J 1993;14 Suppl K:54–6.

9 Joshipura KJ, Rimm EB, Douglass CW, Trichopoulos D, Ascherio A, Willett WC.
Poor oral health and coronary heart disease. J Dent Res 1996;75:1631–6.

10 Seymour RA. Is gum disease killing your patient? Br Dent J 2009;206:551–2.
11 Morrison HI, Ellison LF, Taylor GW. Periodontal disease and risk of fatal coronary

heart and cerebrovascular diseases. J Cardiovasc Risk 1999;6:7–11.
12 de Oliveira C, Watt R, Hamer M. Toothbrushing, inflammation, and risk of

cardiovascular disease: Results from Scottish Health Survey. BMJ 2010;340:c2451.
13 Humphrey LL, Fu R, Buckley DI, Freeman M, Helfand M. Periodontal disease and

coronary heart disease incidence: A systematic review and meta-analysis. J Gen
Intern Med 2008;23:2079–86.



218 THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 24, NO. 4, 2011

14 Cronin A. Periodontal disease is a risk marker for coronary heart disease? Evid Based
Dent 2009;10:22.

15 Janket SJ, Baird AE, Chuang SK, Jones JA. Meta-analysis of periodontal disease and
risk of coronary heart disease and stroke. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2003;95:559–69.

16 Khader YS, Albashaireh ZS, Alomari MA. Periodontal diseases and the risk of
coronary heart and cerebrovascular diseases: A meta-analysis. J Periodontol
2004;75:1046–53.

17 Williams RC, Barnett AH, Claffey N, Davis M, Gadsby R, Kellett M, et al. The
potential impact of periodontal disease on general health: A consensus view. Curr
Med Res Opin 2008;24:1635–43.

18 Scannapieco FA, Bush RB, Paju S. Associations between periodontal disease and
risk for atherosclerosis, cardiovascular disease, and stroke: A systematic review.
Ann Periodontol 2003;8:38–53.

19 Oliveira FJ, Vieira RW, Coelho OR, Petrucci O, Oliveira PP, Antunes N, et al.
Systemic inflammation caused by chronic periodontite in patients victims of acute
ischemic heart attack. Rev Bras Cir Cardiovasc 2010;25:51–8.

20 Holmlund A, Holm G, Lind L. Number of teeth as a predictor of cardiovascular
mortality in a cohort of 7,674 subjects followed for 12 years. J Periodontol
2010;81:870–6.

21 Morrison HI, Ellison LF, Taylor GW. Periodontal disease and risk of fatal coronary
heart and cerebrovascular diseases. J Cardiovasc Risk 1999;6:7–11.

22 Kinane D, Bouchard P; Group E of European Workshop on Periodontology.
Periodontal diseases and health: Consensus Report of the Sixth European Workshop
on Periodontology. J Clin Periodontol 2008;35 (8 Suppl):333–7.

23 Petersen PE, Ogawa H. Strengthening the prevention of periodontal disease: The
WHO approach. J Periodontol 2005;76:2187–93.

24 Bali RK, Mathur VB, Talwar PP, Chanana HB. National Oral Health Survey and
Fluoride Mapping, 2002–2003. New Delhi:Dental Council of India; 2004. Available
at http://www.iaphd.org/index.php (accessed on 10 Dec 2010).

25 Pesonen E, El-Segaier M, Persson K, Puolakkainen M, Sarna S, Ohlin H, et al.
Infections as a stimulus for coronary occlusion, obstruction, or acute coronary
syndromes. Ther Adv Cardiovasc Dis 2009;3:447–54.

26 Pussinen PJ, Tuomisto K, Jousilahti P, Havulinna AS, Sundvall J, Salomaa V.
Endotoxemia, immune response to periodontal pathogens, and systemic inflammation
associate with incident cardiovascular disease events. Arterioscler Thromb Vasc
Biol 2007;27:1433–9.

27 Dorn BR, Dunn WA Jr, Progulske-Fox A. Invasion of human coronary artery cells
by periodontal pathogens. Infect Immun 1999;67:5792–8.

28 Bretz WA, Weyant RJ, Corby PM, Ren D, Weissfeld L, Kritchevsky SB, et al.
Systemic inflammatory markers, periodontal diseases, and periodontal infections in
an elderly population. J Am Geriatr Soc 2005;53:1532–7.

29 Noack B, Genco RJ, Trevisan M, Grossi S, Zambon JJ, De Nardin E. Periodontal
infections contribute to elevated systemic C-reactive protein level. J Periodontol
2001;72:1221–7.

30 Qi M, Miyakawa H, Kuramitsu HK. Porphyromonas gingivalis induces murine
macrophage foam cell formation. Microb Pathog 2003;35:259–67.

31 Mahendra J, Mahendra L, Kurian VM, Jaishankar K, Mythilli R. 16S rRNA-based
detection of oral pathogens in coronary atherosclerotic plaque. Indian J Dent Res
2010;21:248–52.

32 Gaetti-Jardim E Jr, Marcelino SL, Feitosa AC, Romito GA, Avila-Campos MJ.
Quantitative detection of periodontopathic bacteria in atherosclerotic plaques from
coronary arteries. J Med Microbiol 2009;58 (Pt 12):1568–75.

33 Aimetti M, Romano F, Nessi F. Microbiologic analysis of periodontal pockets and
carotid atheromatous plaques in advanced chronic periodontitis patients. J Periodontol
2007;78:1718–23.

34 Cairo F, Gaeta C, Dorigo W, Oggioni MR, Pratesi C, Pini Prato GP, et al. Periodontal
pathogens in atheromatous plaques: A controlled clinical and laboratory trial. J
Periodontal Res 2004;39:442–6.

35 Pradeep AR, Hadge P, Arjun Raju P, Shetty SR, Shareef K, Guruprasad CN.
Periodontitis as a risk factor for cerebrovascular accident: A case–control study in
the Indian population. J Periodontal Res 2010;45:223–8.

36 Grau AJ, Becher H, Ziegler CM, Lichy C, Buggle F, Kaiser C, et al. Periodontal
disease as a risk factor for ischemic stroke. Stroke 2004;35:496–501.

37 Joshipura KJ, Hung HC, Rimm EB, Willett WC, Ascherio A. Periodontal disease,
tooth loss, and incidence of ischemic stroke. Stroke 2003;34:47–52.

38 Dörfer CE, Becher H, Ziegler CM, Kaiser C, Lutz R, Jörss D, et al. The association
of gingivitis and periodontitis with ischemic stroke. J Clin Periodontol 2004;31:
396–401.

39 Kim HD, Sim SJ, Moon JY, Hong YC, Han DH. Association between periodontitis
and hemorrhagic stroke among Koreans: A case–control study. J Periodontol
2010;81:658–65.

40 Jeffcoat MK, Geurs NC, Reddy MS, Cliver SP, Goldenberg RL, Hauth JC.
Periodontal infection and preterm birth: Results of a prospective study. J Am Dent
Assoc 2001;132:875–80.

41 Offenbacher S, Boggess KA, Murtha AP, Jared HL, Lieff S, McKaig RG, et al.
Progressive periodontal disease and risk of very preterm delivery. Obstet Gynecol
2006;107:29–36.

42 Pitiphat W, Joshipura KJ, Gillman MW, Williams PL, Douglass CW, Rich-Edwards
JW. Maternal periodontitis and adverse pregnancy outcomes. Community Dent Oral
Epidemiol 2008;36:3–11.

43 Siqueira FM, Cota LO, Costa JE, Haddad JP, Lana AM, Costa FO. Intrauterine
growth restriction, low birth weight, and preterm birth: Adverse pregnancy outcomes
and their association with maternal periodontitis. J Periodontol 2007;78:2266–76.

44 Khader YS, Ta’ani Q. Periodontal diseases and the risk of preterm birth and low birth
weight: A meta-analysis. J Periodontol 2005;76:161–5.

45 Khader Y, Al-shishani L, Obeidat B, Khassawneh M, Burgan S, Amarin ZO, et al.
Maternal periodontal status and preterm low birth weight delivery: A case–control
study. Arch Gynecol Obstet 2009;279:165–9.

46 Romero R, Gómez R, Chaiworapongsa T, Conoscenti G, Kim JC, Kim YM. The role
of infection in preterm labour and delivery. Paediatr Perinat Epidemiol 2001;15
(Suppl 2):41–56.

47 Lohsoonthorn V, Qiu C, Williams MA. Maternal serum C-reactive protein concen-
trations in early pregnancy and subsequent risk of preterm delivery. Clin Biochem
2007;40:330–5.

48 Madianos PN, Lieff S, Murtha AP, Boggess KA, Auten RL Jr, Beck JD, et al.
Maternal periodontitis and prematurity: Part II: Maternal infection and fetal exposure.
Ann Periodontol 2001;6:175–82.

49 Bélanger M, Reyes L, von Deneen K, Reinhard MK, Progulske-Fox A, Brown MB.
Colonization of maternal and fetal tissues by Porphyromonas gingivalis is strain-
dependent in a rodent animal model. Am J Obstet Gynecol 2008;199:86.e1–e7.

50 Han YW, Redline RW, Li M, Yin L, Hill GB, McCormick TS. Fusobacterium
nucleatum induces premature and term stillbirths in pregnant mice: Implication of
oral bacteria in preterm birth. Infect Immun 2004;72:2272–9.

51 El Attar MM, Zaghloup MZ, Elmenoufr HS. Role of periodontitis in hospital-
acquired pneumonia. East Mediterr Health J 2010;16:563–9.

52 Deo V, Bhongade ML, Ansari S, Chavan RS. Periodontitis as a potential risk factor
for chronic obstructive pulmonary disease: A retrospective study. Indian J Dent Res
2009;20:466–70.

53 Sharma N, Shamsuddin H. Association between respiratory disease in hospitalized
patients and periodontal disease: A cross-sectional study. J Periodontol 2011 Jan 10
[Epub ahead of print].

54 Scannapieco FA, Ho AW. Potential associations between chronic respiratory disease
and periodontal disease: Analysis of National Health and Nutrition Examination
Survey III. J Periodontol 2001;72:50–6.

55 Munro CL, Grap MJ, Elswick RK Jr, McKinney J, Sessler CN, Hummel RS 3rd. Oral
health status and development of ventilator-associated pneumonia: A descriptive
study. Am J Crit Care 2006;15:453–60.

56 Awano S, Ansai T, Takata Y, Soh I, Akifusa S, Hamasaki T, et al. Oral health and
mortality risk from pneumonia in the elderly. J Dent Res 2008;87:334–9.

57 Scannapieco FA, Bush RB, Paju S. Associations between periodontal disease and
risk for nosocomial bacterial pneumonia and chronic obstructive pulmonary disease:
A systematic review. Ann Periodontol 2003;8:54–69.

58 Azarpazhooh A, Leake JL. Systematic review of the association between respiratory
diseases and oral health. J Periodontol 2006;77:1465–82.

59 Sumi Y, Miura H, Michiwaki Y, Nagaosa S, Nagaya M. Colonization of dental
plaque by respiratory pathogens in dependent elderly. Arch Gerontol Geriatr
2007;44:119–24.

60 Didilescu AC, Skaug N, Marica C, Didilescu C. Respiratory pathogens in dental
plaque of hospitalized patients with chronic lung diseases. Clin Oral Investig
2005;9:141–7.

61 Paju S, Scannapieco FA. Oral biofilms, periodontitis, and pulmonary infections. Oral
Dis 2007;13:508–12.

62 Grossi SG, Genco RJ. Periodontal disease and diabetes mellitus: A two-way
relationship. Ann Periodontol 1998;3:51–61.

63 Löe H. Periodontal disease: The sixth complication of diabetes mellitus. Diabetes
Care 1993;16:329–34.

64 Mealey BL, Oates TW; American Academy of Periodontology. Diabetes mellitus
and periodontal diseases. J Periodontol 2006;77:1289–303.

65 Taylor GW. Bidirectional interrelationships between diabetes and periodontal diseases:
An epidemiologic perspective. Ann Periodontol 2001;6:99–112.

66 Nishimura F, Murayama Y. Periodontal inflammation and insulin resistance—
lessons from obesity. J Dent Res 2001;80:1690–4.

67 Tsai C, Hayes C, Taylor GW. Glycemic control of type 2 diabetes and severe
periodontal disease in the US adult population. Community Dent Oral Epidemiol
2002;30:182–92.

68 Taylor GW, Borgnakke WS. Periodontal disease: Associations with diabetes,
glycemic control and complications. Oral Dis 2008;14:191–203.

69 Rosenthal IM, Abrams H, Kopczyk A. The relationship of inflammatory periodontal
disease to diabetic status in insulin-dependent diabetes mellitus patients. J Clin
Periodontol 1988;15:425–9.

70 Wang PL, Ohura K. Porphyromonas gingivalis lipopolysaccharide signaling in
gingival fibroblasts-CD14 and toll-like receptors. Crit Rev Oral Biol Med
2002;13:132–42.

71 Lazenby MG, Crook MA. The innate immune system and diabetes mellitus: The
relevance of periodontitis? A hypothesis. Clin Sci (Lond) 2010;119:423–9.

72 Taylor GW, Burt BA, Becker MP, Genco RJ, Shlossman M, Knowler WC, et al.
Severe periodontitis and risk for poor glycemic control in patients with non-insulin-
dependent diabetes mellitus. J Periodontol 1996;67 (10 Suppl):1085–93.

73 Nishimura F, Iwamoto Y, Mineshiba J, Shimizu A, Soga Y, Murayama Y. Periodontal
disease and diabetes mellitus: The role of tumor necrosis factor-alpha in a 2-way
relationship. J Periodontol 2003;74:97–102.



219MANJUNATH et al. : PERIODONTAL INFECTIONS ARE A RISK FACTOR FOR VARIOUS SYSTEMIC DISEASES

74 Lim LP, Tay FB, Sum CF, Thai AC. Relationship between markers of metabolic
control and inflammation on severity of periodontal disease in patients with diabetes
mellitus. J Clin Periodontol 2007;34:118–23.

75 Makiura N, Ojima M, Kou Y, Furuta N, Okahashi N, Shizukuishi S, et al.
Relationship of Porphyromonas gingivalis with glycemic level in patients with type
2 diabetes following periodontal treatment. Oral Microbiol Immunol 2008;23:
348–51.

76 Gleissner C, Willershausen B, Kaesser U, Bolten WW. The role of risk factors for
periodontal disease in patients with rheumatoid arthritis. Eur J Med Res 1998;3:
387–92.

77 Mercado FB, Marshall RI, Klestov AC, Bartold PM. Relationship between rheumatoid
arthritis and periodontitis. J Periodontol 2001;72:779–87.

78 Scardina GA, Messina P. Microvascular periodontal alterations: A possible
relationship between periodontitis and rheumatoid arthritis. Clin Hemorheol
Microcirc 2007;37:229–35.

79 de Pablo P, Chapple IL, Buckley CD, Dietrich T. Periodontitis in systemic rheumatic
diseases. Nat Rev Rheumatol 2009;5:218–24.

80 Pischon N, Pischon T, Kröger J, Gülmez E, Kleber BM, Bernimoulin JP, et al.
Association among rheumatoid arthritis, oral hygiene, and periodontitis. J Periodontol
2008;79:979–86.

81 Mangat P, Wegner N, Venables PJ, Potempa J. Bacterial and human peptidylarginine
deiminases: Targets for inhibiting the autoimmune response in rheumatoid arthritis?
Arthritis Res Ther 2010;12:209.

82 Mikuls TR, Payne JB, Reinhardt RA, Thiele GM, Maziarz E, Cannella AC, et al.
Antibody responses to Porphyromonas gingivalis (P. gingivalis) in subjects with
rheumatoid arthritis and periodontitis. Int Immunopharmacol 2009;9:38–42.

83 Offenbacher S, Beck JD, Moss K, Mendoza L, Paquette DW, Barrow DA, et al.
Results from the periodontitis and vascular events (PAVE) study: A pilot multicentered,

randomized, controlled trial to study effects of periodontal therapy in a secondary
prevention model of cardiovascular disease. J Periodontol 2009;80:190–201.

84 Correa FO, Gonçalves D, Figueredo CM, Gustafsson A, Orrico SR. The short-term
effectiveness of non-surgical treatment in reducing levels of interleukin-1beta and
proteases in gingival crevicular fluid from patients with type 2 diabetes mellitus and
chronic periodontitis. J Periodontol 2008;79:2143–50.

85 Oz SG, Fentoglu O, Kilicarslan A, Guven GS, Tanrtover MD, Aykac Y, et al.
Beneficial effects of periodontal treatment on metabolic control of
hypercholesterolemia. South Med J 2007;100:686–91.

86 Offenbacher S, Lin D, Strauss R, McKaig R, Irving J, Barros SP, et al. Effects of
periodontal therapy during pregnancy on periodontal status, biologic parameters, and
pregnancy outcomes: A pilot study. J Periodontol 2006;77:2011–24.

87 D’Aiuto F, Parkar M, Andreou G, Suvan J, Brett PM, Ready D, et al. Periodontitis
and systemic inflammation: Control of the local infection is associated with a
reduction in serum inflammatory markers. J Dent Res 2004;83:156–60.

88 Tonetti MS, D’Aiuto F, Nibali L, Donald A, Storry C, Parkar M, et al. Treatment of
periodontitis and endothelial function. N Engl J Med 2007;356:911–20.

89 Stewart JE, Wager KA, Friedlander AH, Zadeh HH. The effect of periodontal
treatment on glycemic control in patients with type 2 diabetes mellitus. J Clin
Periodontol 2001;28:306–10.

90 Ortiz P, Bissada NF, Palomo L, Han YW, Al-Zahrani MS, Panneerselvam A, et al.
Periodontal therapy reduces the severity of active rheumatoid arthritis in patients
treated with or without tumor necrosis factor inhibitors. J Periodontol 2009;80:
535–40.

91 Safdar N, Crnich CJ, Maki DG. The pathogenesis of ventilator-associated pneumonia:
Its relevance to developing effective strategies for prevention. Respir Care
2005;50:725–39.

Attention Subscribers
The subscriptions for The National Medical Journal of India are being serviced from the following address:

The Subscription Department
The National Medical Journal of India
All India Institute of Medical Sciences
Ansari Nagar
New Delhi 110029

The subscription rates of the journal are as follows:

One year Two years Three years Five years

Indian `600 `1100 `1600 `2600

Overseas US$ 85 US$ 150 US$ 220 US$ 365

Personal subscriptions paid from personal funds are available at 50% discounted rates.

Please send all renewals and new subscriptions along with the payment to the above address. Cheques/Demand Draft
should be made payable to The National Medical Journal of India. Please add `75 for outstation cheques.

If you wish to receive the Journal by registered post, please add `90 per annum to the total payment and make the
request at the time of subscribing.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


