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Aging and the periodontium
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Abstract

The geriatric population has been growing fast over the last decades in Brazil and all over the
world, changing demographics. Additionally, increased knowledge and the advances of modern
dentistry have led the old population to retain more natural teeth, needing specialized dental
services for a longer time. Changes in biochemical and physiological processes occur with aging
in all body tissues, including the periodontium. The association between periodontal and systemic
diseases has also been widely discussed, suggesting the need of a multidisciplinary care, especially
in older adults, who are frequently affected by chronic systemic conditions and multiple drug
therapy. These features lead to a highly complex management of the geriatric population, challenging
the dental care providers. The aim of this study is to review the age-related changes and the consequences
of other factors, such as systemic diseases and drugs, on the periodontium of aged patients.
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Introduction

Population of older adults has been growing in a non preceding rhythm all
over the world. In Brazil, individuals aged 60 to 64 years are the most prevalent
within the elderly, representing 30% of this population. However, the most
significant increase has been observed for individuals over 80 years, whose number
increased from 560 thousand people in 1980 to almost 2 million people in 2006'.

Nowadays, more people retain their natural teeth throughout life. Comparison
of five nursing home populations from 1988 to 2004 indicates improvement in
dental status among the elderly population. The rate of edentulism decreased from
71 to 43% and the percentage of subjects retaining 20-28 teeth increased from 3 to
23%. Moreover, the mean number of teeth for each participant was 3.1 in 1988
compared with 8.4 in 20042

With the longer retention of teeth, older adults remain at risk for periodontal
disease. In a population composed by 89 individuals, being 87% over 80 years of
age, none presented healthy periodontium. All subjects presented bleeding on
probing, 93% presented calculus and 65% had periodontal pockets of 4 mm depth
or more’. Gingival recession and loss of periodontal attachment are also very
prevalent among the older adults. Fifty-six to 92% of individuals aged 45 years
and older present periodontal attachment loss of 3 mm or more in at least one oral
site*>. This condition worsens with time*, most likely because of the increase in
gingival recession rather than probing depth’. In spite of the high incidence of
moderate attachment loss in middle-aged and geriatric subjects, severe loss is
confined to a minority and is present in only a few sites. Generalized severe
attachment loss is experienced by approximately one fifth of older individuals®.

This damage to the periodontal tissues may be due to various changes on
biochemical, immunological and physiological processes during aging®. However,
it is not known whether and to what extent the changes are due to the aging
process or consequences of other factors, such as systemic diseases, medications or
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social and environmental modifications®.

This paper reviews the changes in the periodontal tissues
due to the aging process, systemic medications and medical
conditions, in order to guide the clinician to a better
multidisciplinary understanding, which is imperative for the
treatment of older adults.

Age-related changes in periodontal tissues
Morphological alterations

The thinning and decreasing in the keratinization of
the gingival epithelium may occur with aging and may
indicate an increase in tissue permeability and a decrease in
its resistance to infection and trauma’. Moreover, flattening
of the epithelial invaginations toward the conjunctive tissue’,
a high vacuolization of interstitial spaces and the invasion
of fat cells are also observed with aging®. However, there is
no consensus in the literature regarding this issue.

The apical migration of the junctional epithelium, with
consequent gingival recession, has been discussed. Although
such a migration is associated with aging, the loss of insertion
caused by aging alone may not seem to have clinical
significance®. Gingival recession progression may occur due
to several factors, such as passive eruption caused by
physiological wear of teeth, a consequence of anatomically
thin tissues and toothbrushing trauma. Apparently, gingival
recession is not an avoidable physiological process caused
by aging, but a cumulative and progressive effect from
periodontal disease or trauma over time’.

There is a reduction in the number of total cells®? in the
connective tissue and a consequent reduction in collagen
synthesis. However, a higher collagen amount can be found
due to an increase in the conversion of soluble collagen to
insoluble collagen, as well as to an increase in the
denaturation temperature and mechanical resistance of fibers’.

There is a reduction in the number of fibroblasts in the
periodontal ligament and also in its functional activity, which
includes the mitotic and synthesis ability. There is also a
reduction in the organic matrix production and in
vascularization, and an increase in the number of elastic
fibers®7-1°, The thickness of the periodontal ligament varies
and may reduce due to the reduction in the force applied by
masticatory muscles along the time in subjects with complete
dentition or having dental elements with no antagonist’?.
On the other hand, when several elements are missing, there
might be an overload on the existing remaining teeth, with
consequent periodontal ligament thickening®®. Therefore, it
can be said that any alteration in the periodontal ligament
width reflects the functional condition of teeth’.

A continuous deposition of cementum was observed,
which leads to an increase in thickness of this tissue with
age, mainly in the teeth apical region to compensate for the
physiological wear of teeth!'®.

Radiographic exams revealed that the mean alveolar
bone height was reduced in older patients in a population
ranging from 20 to > 80 years of age''. However, data should
be analyzed with caution once some alterations in the bone
tissue in the oral cavity are similar to those in other parts of
the body. This reduction in height may be due to systemic

factors instead of being due to age-related alterations’.

Alterations in disease progression

The induction of gingivitis in subjects of different age
groups and with healthy periodontium showed a similar
plaque accumulation in old and young adults. Nevertheless,
old adults developed a more severe gingivitis and with a
greater number of inflammatory cells'?, demonstrating an
infiltrate with a greater proportion of B cells and lower
density of polymorphonuclear cells'®. This situation reveals
possible effects of aging on the quality of the immune
response.

Modifying factors of periodontal disease

Periodontal changes during increasing age are not
sufficient to account for all damage experienced by elderly
patients. The clinical appearance of periodontal tissues in
this population reflects age-related changes and accumulation
of disease and trauma over time'*".

Association between periodontium and systemic diseases

The influence of oral condition on general health has
been well documented in the last decades. Infectious diseases,
such as periodontitis, cause inflammation and contribute to
levels of overall infection and inflammation in the body
and may trigger the beginning and/or the progression of other
diseases such as diabetes and arteriosclerosis'®. There are
two mechanisms through which infection and inflammation
apparently located in periodontal pockets may harm general
health: the passage of periodontal pathogens and their
products into circulation (bacteremia), and the passage of
locally produced inflammatory mediators into circulation.
Both mechanisms can contribute to inflammatory systemic
diseases'’.

Diabetes mellitus

It is suggested that the potential interactions between
diabetes and periodontitis seem to enhance the morbidity of
these two diseases'®. The chronic hyperglycemic condition
of diabetes is associated with damage, dysfunction, or failure
of various organs and tissues, including the periodontium,
due to the increased risk for infections in patients with
diabetes, impairment of the synthesis of collagen and
glycosaminoglycans by gingival fibroblasts, and increased
crevicular fluid collagenolytic activity'.

It has been demonstrated by a meta-analysis study® that
patients with types 1 and 2 diabetes had worse oral hygiene
and higher severity of gingival and periodontal diseases,
compared to nondiabetic subjects. On the other hand,
periodontal therapy with or without adjunctive antibiotic
therapy in patients (mean age: 53 years) may influence the
systemic conditions of patients with type 2 diabetes, leading
to improvements in glycemic control and in the reduction of
inflammatory markers?'.

There is still much to know about the relationship
between periodontitis and diabetes mellitus, and its
mechanisms. Clinically, the decrease of periodontal
pathogens as well as the improvement of the diabetic
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condition should be sought to slow down the progression of
the disease or promote tissue repair.

Coronary heart disease (CHD)

Periodontal and cardiovascular diseases are common
inflammatory conditions in the human population,
atherosclerosis being the major component of the latter. In
the atheroma formation, inflammation plays a continuous
role from endothelial cell expression of adhesion molecules
to the development of the fatty streak and established plaque,
which is surrounded by a fibrous cap and narrows the lumen
of the affected vessels, compromising blood flow. The rupture
of the atherosclerotic plaque may lead to thrombus formation
and to the major clinical sequelae of atherosclerosis: coronary
thrombosis, acute myocardial infarction and stroke??.

A meta-analysis study indicated that individuals with
periodontitis had 1.14 times higher risk of developing
coronary heart disease®. The more severe the periodontal
disease the easier the periodontal pathogens could enter the
circulation, reaching blood vessels and atherosclerotic
lesions. The chronic and cyclic nature of periodontal diseases
provides multiple opportunities for repeated bacteremia and
affection of endothelial integrity*?*, perpetuating
inflammatory events in atherosclerosis®.

Another linkage between periodontal disease and CHD
is the level of C-reactive protein, which is an acute-phase
reactant in response to infection or trauma and its high
sustained level was associated with advanced periodontitis?.
Additionally, it is suggested that high levels of C-reactive
protein are also related to CHD. Ridker ef al *” demonstrated
that C-reactive protein levels predict the risk of coronary
events, although, there is still no consensus weather this
protein contributes to atherogenesis or is a marker of
atherosclerosis®.

There are many traditional risk factors for cardiovascular
disease, such as cigarette smoking, hypertension, high low-
density lipoprotein cholesterol level, low high-density
lipoprotein cholesterol level, diabetes mellitus, family history
of premature CHD, age, obesity, physical inactivity and an
atherogenic diet. However, Ridker ef al?® reported that
individuals with low low-density lipoprotein cholesterol
levels, but high C-reactive protein levels were at greater risk
for cardiovascular events than those with high low-density
lipoprotein cholesterol levels but low C-reactive protein
levels. This may highlight the attention for other risk factors,
in addition to the traditional ones, as periodontal disease to
the onset or progression of CHD.

Chronic renal disease

Chronic renal disease and renal replacement therapy can
affect oral tissues and can greatly influence the dental
management of the renal patient. Otherwise, chronic adult
periodontitis is suggested to contribute to overall systemic
inflammatory burden, with possible consequences in the
management of the end stage renal disease patient on
hemodialysis maintenance therapy®. Additionally, some of
the most common causes for end-stage renal disease are
diabetes mellitus and chronic hypertension, which are also
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associated with periodontal disease. Moderate to severe
periodontitis appears to be highly prevalent in the renal
hemodialysis population, and was associated to overt
nephropathy and end-stage renal disease in subjects with
type 2 diabetes®® and to death of end-stage renal patients
from cardiovascular causes®'. Thus, it is suggested that
periodontal therapy, which may reduce systemic inflammation,
could be a treatment consideration for this population.

Other conditions

Depression — The association between periodontitis and
depression may be related to psychoneuroimmunologic
changes, damaging behavior, or a combination of both®2. At-
risk behavior includes a disinterest in performing appropriate
oral hygiene techniques, a cariogenic diet, reduced salivary
flow, rampant dental caries, advanced periodontal disease
and oral dysesthesias. Additionally, several medications used
for the treatment may intensify xerostomia and increase the
incidence of dental disease®. People with chronic diseases
are at high risk of developing depression, once this
psychological condition was present in 40% of the patients
with CHD*, and a positive relation between psychosocial
factors and periodontal disease was found by 57.1% of the
studies analyzed in a systematic review*. Thus, it is suggested
that depression therapy may be an important procedure for
periodontal health maintenance??.

Immunosuppression — 1t is suggested that immunocompro-
mising conditions do not predispose the subject to
periodontal disease; however, it has been reported that the
prevalence of periodontal disease is increased in HIV-positive
when compared to HIV-negative subjects®*. Additionally,
immunocompromised HIV-positive patients with preexisting
periodontitis may have their oral condition exacerbated3®.
Regarding the treatment improvement and the increase in
life span for HIV patients, a higher prevalence of this
condition may be found in the elderly. Basic periodontal
therapy using mechanical technique improved gingival
condition in 78.2% of HIV-positive and AIDS patients after
6 months of therapy, showing that even under immuno-
supression, mechanical therapy is important for maintenance
of periodontal health®’.

Neurodegenerative disease — Dementia, as well as reduction
in cognitive ability, are common in the elderly and have been
related to a higher index of periodontal disease in patients over
60 years of age®. It has been suggested that inflammation within
the brain may play a role in the etiology and pathogenesis of
Alzheimer’s disease. As peripheral infection/inflammation, such
as periodontitis, may affect inflammatory systemic state,
including the central nervous system, chronic periodontal
disease has been also associated to this type of dementia®.

Subjects with Parkinson’s disease also present poorer
oral health comparing to controls, including more missing
teeth, caries, dental plaque, and poorer periodontal health,
due to the lack of muscular control®. It is of great importance
that neurodegenerative patients and their caregivers must be
oriented about the need for monitoring oral hygiene
procedures in these individuals® and professional periodontal
health maintenance.
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Obesity - An association between obesity and periodontal
disease has been presented, which cause could be related to
biological or behavioral determinants in common®'. Increased
food intake and reduced physical activity may be accompanied
by other changes in health related behaviors resulting in poorer
periodontal health, as well as an elevated risk of cardiovascular
disease and type 2 diabetes”. Association between the measures
of body fat and periodontal disease was found among younger
adults, but not middle or older adults®. This result was not
confirmed neither by Ylostalo et al*', who found this association
among non-diabetic, non-smoking subjects aged 30-49, nor by
Linden et al**, who found that obesity (BMI>30) was associated
with low-threshold periodontitis, once obese older adults from
60 to 70 years of age, presented a greater number of sites with
periodontal pockets deeper than 5 mm*. Studies were adjusted
for confounders as smoking, diabetes, education, oral hygiene
and dental attendance*?. It has been suggested that focus on
prevention in individuals at risk of developing obesity may
benefit both general and dental health*?.

Osteoporosis — A systematic review about oral implication
of osteoporosis showed that individuals with reduced systemic
bone density presented high periodontal bone loss, tooth loss
and temporomandibular joint bone loss*. In addition, older
adults with osteoporosis had higher periodontal attachment
loss*, while subjects aged 65 years and older, who took
calcium and vitamin D supplementation presented less tooth
loss than subjects taking no supplementation over a-5-year
follow-up*. Despite these findings, the relationship between
systemic and oral bone loss, and periodontal disease is not
well established. However, it is suggested that findings in
clinical and radiographic exams, may help dentists identifying
patients with undetected low bone mineral density and refer
them to medical professionals*.

Drugs

Montenegro et al* reported 46 oral side effects after
evaluating the 8,635 commercial drugs most used by the
elderly, and stated that oral side effects present great
incidence and cause many difficulties to this population
(Figure 1). Despite this, 21.6% of the drugs did not present
any information concerning oral side effects. It is believed
that these and some other important data that should been
found in the prescribing information might have been
neglected, rather than only the absence of side effects®.

Among gingival and periodontal problems observed,
gingival overgrowth with false periodontal pocket formation
is included. This condition promotes bacterial plaque
accumulation and makes oral hygiene procedures more
difficult. Calcium channel-blocking and immunosuppressive
drugs used in the treatment of angina, arterial hypertension
and cardiac arrhythmias and also in the management of
transplanted patients, respectively, show such characteristics®.

Indirect damage to oral tissues may also be promoted
by reduced salivary flow. It is well known that saliva is an
important fluid for oral health and its reduction may cause
gingivitis and a decrease in antimicrobial activity*, among
other disorders, which may affect health and quality of life.
According to Nagle and Hershkovic®, elderly people present
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Fig. 1. Percentage of drugs presenting oral side effects reported in prescribing
information, medicine guides and textbooks from a total of 8,635 drugs used by the
Brazilian elderly population (Adapted from Montenegro et al. 7).

a reduction of most salivary components, as well as salivary
flow decreased by 62% when compared with younger people,
limiting its protective capacity, and turning saliva into a
highly concentrated fluid, which compromises its lubrication
and moistening abilities. There was no difference either in
salivary flow or in saliva composition comparing older adults
who used and did not use medications. However, although
individuals who used drugs presented more extensive oral
sensorial complaints, including xerostomia, it was suggested
that salivary alterations were directly related to age rather
than disease and/or drug use®.

Systemic diseases as well as the use of medicines like
antihypertensive and antiparkinsonian drugs, which are most
used by the elderly, are pointed as the main causes of
xerostomia. In a previous study, patients aged 67 to 96 years
with poor health were examined. Almost 53% of them presented
very low salivary flow, and this condition was strongly related
to endocrine diseases, and the use of ophthalmologic and
respiratory drugs, as well as potassium chloride. It was not
possible to identify the effect of each drug. However, the number
of drugs used daily, which ranged from 0 to 14, appear to be
a key factor to the reduced salivary flow>’.

As many chronic diseases are found and many drugs are
usually used by older adults even in healthy conditions,
prescribing a drug is of major importance and responsibility,
and involves an interdisciplinary focus, in order to reduce
damage and improve patient’s quality of life*’.

Behavioral and environmental modifiers

Tobacco smoking — Smokers are at a higher risk of
developing periodontal disease, once tobacco may affect
vascularization, the immunologic and inflammatory
systems*, attachment and function of fibroblasts, and increase
the prevalence of periopathogens®'. In a previous study,
smokers over 50 years of age showed more sites with bacterial
plaque, deeper probing depth and higher periodontal
attachment loss when compared to former smokers or to non-
smokers of the same age. Additionally, smokers had a
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diminished response to periodontal therapy and present 4.8
times more risk of developing periodontitis than non-
smokers®>. The amount of cigarette consumption is also
associated with higher risk for having moderate and severe
periodontitis®>. As quitting smoking reduced the risk of having
periodontal disease®, dental professionals should be more
active in smoking cessation counseling, in order to achieve
positive effects in patient’s health’'.

Stress - Genco et al.® observed that emotional distress was
a significant risk factor for individuals from 25 and 74 years of
age having financial problems, once differences for stress were
related to different levels of periodontitis. Stressed individuals
showed higher pro-inflammatory cytokine level®, this
psychological condition being a possible positive influence
on chronic periodontal disease*. Additionally, stress may affect
the host immune response, making the individual more
susceptible to the development of unhealthy conditions*, which
are commonly found in elderly. Thus, stress might exacerbate
periodontal disease, especially in older patients. In addition,
stressed individuals may adopt harmful habits, such as, altering
oral hygiene habits, intensification of smoking and changing
eating habits, worsening the periodontal condition®.

Discussion

Age-related periodontal alterations do not seem to be
responsible for the high incidence of periodontal disease in
the elderly population. The deterioration of periodontal
tissues found in older adults may seem to be the result of the
accumulation of diseases and traumas acquired throughout
the lives of these individuals'*!s.

Older patients are more susceptible to systemic diseases,
their associations and, consequently, to the use of systemic
medical therapies. Moreover, the elderly population is
exposed to environmental and social factors for a longer
time than younger people, increasing the susceptibility of
the elderly population to possible changes in these factors.

According to Seymour et al.', infectious diseases, such
as gastrointestinal, respiratory and periodontal diseases, may
contribute, alone or in combination, to the overall infection
state of the individual. In the same way, infectious diseases
and systemic conditions, such as obesity, emotional distress,
autoimmune diseases, as well as social factors like smoking,
are related to the increase in inflammatory markers. They
may also contribute to the overall inflammation state of the
body, worsening periodontal disease and other important
diseases, such as arteriosclerosis and diabetes mellitus.

Type-2 diabetes is frequently observed as part of a
multifactorial syndrome that includes obesity and
arteriosclerotic cardiovascular disease®. Periodontal disease
has also been related to such conditions, which shows that it
may be part of a systemic net, contributing to the general
inflammatory state of the individual'®. Despite these findings,
more studies are needed to clarify the relationship between
periodontal disease and diabetes mellitus, mainly on the
treatment effects on this condition. Clinically speaking, the
reduction in periodontal pathogens and the control of
diabetes should be achieved in order to reduce the speed of
disease progression and promote tissue repair.
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As for cardiovascular discases, there are several
traditional risk factors, such as smoking, arterial hypertension,
high levels of low-density cholesterol (LDL), low levels of
high-density cholesterol (HDL), diabetes mellitus, family
history among relatives of premature coronary disease, age,
obesity, physical inactivity and an atherogenic diet?. Ridker
et al.?® suggested that the level of C-reactive protein is a
stronger predictor of cardiovascular events than the LDL
cholesterol, popularly known as a risk factor. This is an
important finding, which suggests that the clinical interest
must focus beyond traditional risk factors and must also
consider other factors, such as the periodontal disease as a
contributor to the coronary disease onset and progression.

Drugs commonly used by the elderly may cause oral side
effects, such as gingival overgrowth and salivary flow
reduction*’. Whenever possible, these drugs should be replaced
in agreement with the patient’s physician, but the dentist must
be aware of the medical history and orient the patient about
the importance of periodical visits for controlling bacterial
plaque. Measures for the induction or replacement of salivary
flow have to be considered, when necessary, in order to
minimize the effects of hyposalivation and xerostomia.

When treating the elderly, the dentist has to take into
account the physiological alterations in the oral cavity, as
well as obtain accurate information on medical problems,
drug regimen and possible limitations of patients of this age
group, such as limited motor skills to keep good oral
hygiene'. According to Duval and Leport®, simple everyday
habits like toothbrushing, flossing and chewing may cause
bacteremia. Therefore, to avoid the contribution of the
cumulative and spontanecous effect of microorganisms entering
the bloodstream to overall generalized infection and
inflammation, it is necessary to adopt a preventive strategy
to reduce the source of oral bacteria by means of adequate
oral hygiene and regular professional care. Once periodontal
disease is a consequence of lifetime damages, the best
conduct for patients is to seek professional advice in order
to prevent the disease since an early age. It is possible then,
to reduce the risk of developing, worsening or perpetrating
some systemic conditions at old age.

In conclusion, only age-related periodontal alterations
may not seem to have clinical significance. Associations
among such alterations and systemic diseases, medicines and
behavioral and environmental factors may significantly
compromise the well-being of the elderly. The relation
between periodontal disease and some systemic diseases
seems to have a double meaning effect, that is, it seems to
increase morbidity in both conditions.

References

1. Nogueira SL, Geraldo, JM, Machado JC, Ribeiro RCL. Distribuicao espacial
e crescimento da populagéo idosa nas capitais brasileiras de 1980 a 2006:
um estudo ecoldgico. Rev Bras Estud Popul. 2008; 25: 195-8.

2. Samson H, Strand GV, Haugejorden O. Change in oral health status among
the institutionalized Norwegian elderly over a period of 16 years. Acta
Odontol Scand. 2008; 66: 368-73.

3. Locker D, Slade GD, Murray H. Epidemiology of periodontal disease among
older adults: a review. Periodontol 2000. 1998; 16: 16-33.

4. Qian F, Levy SM, Warren JJ, Hand JS. Incidence of periodontal attachment
loss over 8 to 10 years among lowa elders aged 71+ at baseline. J Public
Health Dent. 2007; 67: 162-70.



Aging and the periodontium

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Thomson WM, Slade GD, Beck JD, Elter JR, Spencer AJ, Chalmers JM.
Incidence of periodontal attachment loss over 5 years among older South
Australians. J Clin Periodontol. 2004; 31: 119-25.

Johnson BD, Mulligan K, Kiyak HA, Marder M. Aging or disease?
Periodontal changes and treatment considerations in the older dental patient.
Gerontology. 1989; 8: 109-18.

Needleman I. Envelhecimento e o periodonto. In: Newman MG, Takei HH, Carranza
FA. Periodontia clinica. 9.ed. Rio de Janeiro: Guanabara Koogan; 2004. p.51-5.
Marsillac MWS, Mello HSA. Doenca periodontal em idosos. In: Mello HSA.
Odontogriatria. S0 Paulo: Santos; 2005. p.107-14.

Zendbio EG, Toledo BEC, Zuza EP. Fisiologia, patologia e tratamento das
doengas do periodonto do paciente geriatrico. In: Campostrini E.
Odontogeriatria. Rio de Janeiro: Revinter; 2004. p.184-98.

Severson JA, Moffett BC, Kokich V, Selipsky H. A histologic study of age
changes in the adult human periodontal joint (ligament). J Periodontol.
1978; 49: 189-200.

Salonen LWE, Frithiof L, Wouters FR, Helld LB. Marginal alveolar bone
height in an adult Swedish population: a radiographic cross-sectional
epidemiologic study. J Clin Periodontol. 1991; 18: 223-32.

Fransson C, Berglundh T, Lindhe J. The effect of age on the development
of gingivitis. Clinical, microbiological and histological findings. J Clin
Periodontol. 1996; 23: 379-85.

Fransson C, Mooney J, Kinane DF, Berglundh T. Differences in the
inflammatory response in young and old human subjects during the course
of experimental gingivitis. J Clin Periodontol. 1999; 26: 453-60.

Persson RE, Persson GR. The elderly at risk for periodontitis and systemic
diseases. Den Clin North Am. 2005; 49: 279-92.

De Rossi SS, Slaughter YA. Oral changes in older patients: a clinician’s
guide. Quintessence Int. 2007; 38: 773-80.

Seymour GJ, Ford PJ, Cullinan MP, Leishman S, Yamazaki K. Relatioship
between periodontal infections and systemic disease. Clin Microbiol Infect.
2007; 13: 3-10.

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

Novak MJ, Potter RM, Blodgett J, Ebersole JL. Periodontal disease in hispanic
Americans with type 2 diabetes. J Periodontol. 2008; 79: 629-36.
Nishimura F, Takahashi K, Kurihara M, Takashiba S, Murayama V.
Periodontal disease as a complication of diabetes mellitus. Ann Periodontol.
1998; 3: 20-9.

Khader YS, Dauod AS, El-Qaderi SS, Alkafajei A, Batayha WQ. Periodontal
status of diabetics compared with non-diabetics: a meta-analysis. J Diabetes
Complication. 2006; 20: 59-68.

O’Connell PA, Taba M, Nomizo A, Foss Freitas MC, Suaid FA, Uvemura
SA et al. Effects of periodontal therapy on glycemic control and inflammatory
markers. J Periodontol. 2008; 79: 774-83.

Paquette DW, Brodala N, Nichols TC. Cardiovascular disease, inflammation,
and periodontal infection. Periodontol 2000. 2007; 44: 113-26.

Bahekar AA, Singh S, Saha S, Molnar J, Arora R. The prevalence and
incidence of coronary heart disease is significantly increased in periodontitis:
a meta-analysis. Am Heart J. 2007; 154: 830-7.

Geerts SO, Legrand V, Charpentier J, Albert A, Rompen EH. Further
evidence of the association between periodontal conditions and coronary
artery disease. J Periodontol. 2004; 75: 1274-80.

Elkaim R, Dahan M, Kocgozlu L, Werner S, Kanter D, Kretz JG et al.
Prevalence of periodontal pathogens in subgingival lesion, atherosclerotic
plaques and healthy blood vessels: a preliminary study. J Periodontal
Res. 2008; 43: 224-31.

Linden GJ, McClean K, Young |, Evans A, Kee F. Persistently raised C-
reactive protein levels are associated with advanced periodontal disease.
J Clin Periodontol. 2008; 35: 741-7.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and
other markers of inflammation in the prediction of cardiovascular disease in
women. N Engl J Med. 2000; 342: 836-43.

Ridker PM, Rifai N, Rose L, Buring JE, Cook NR. Comparison of C-reactive
protein and low-density lipoprotein cholesterol levels in the prediction of first
cardiovascular events. N Engl J Med. 2002; 347: 1557-65.

Craig RG. Interactions between chronic renal disease and periodontal
disease. Oral Dis. 2008; 14: 1-7.

Shultis WA, Weil EJ, Looker HC, Curtis JM, Shlossman M, Genco RJ et al.
Effect of periodontitis on overt nephropathy and end-stage renal disease in
type 2 diabetes. Diabetes Care. 2007; 30: 306-11.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Kshirsagar AV, Craig RG, Moss KL, Beck JD, Offenbacher S, Kotanko P et
al. Periodontal disease adversely affects the survival of patients with end-
stage renal disease. Kidney Int. 2009; 75: 746-51.

Rosania AE, Low KG, McCormick , Rosania DA. Stress, depression,
cortisol, and periodontal disease. J Periodontol. 2009; 80: 260-6.
Friedlander AH, Mahler ME. Major depressive disorder: psychopathology,
medical management and dental implications. J Am Dent Assoc. 2001;
132: 629-38.

Peruzzo DC, Benatti BB, Ambrosano GMB, Nogueira-Filho GR, Sallum
EA, Casati MZ et al. A systematic review of stress and psychological
factors as possible risk factors for periodontal disease. J Periodontol. 2007;
78: 1491-504.

Ndiaye CF, Critchlow CW, Leggott PJ, Kiviat NB, Ndoye |, Robertson PB
et al. Periodontal status of HIV-1 and HIV-2 seropositive and HIV seronegative
female commercial sex workers in Senegal. J Periodontol. 1997; 68: 827-31.
Kinane DF, Marshall GJ. Periodontitis modified by systemic factors. Ann
Periodontol. 1999; 4: 54-63.

Lemos S, Oliveira F, Vencio E. Periodontal disease and oral hygiene
benefits in HIV seropositive and AIDS patients. Med Oral Patol Oral Cir
Bucal. 2010; 15: e417-21.

Yu YH, Kuo HK. Association between cognitive function and periodontal
disease in older adults. J Am Geriatr Soc. 2008; 56: 1693-7.

Kamer AR, Craig RG, Dasanayake AP, Brys M, Glodzik-Sobanska L, de
Leon MJ. Inflammation and Alzheimer's disease: Possible role of periodontal
diseases. Alzheimers Dement. 2008; 4: 242-50.

Einarsdéttir ER, Gunnsteinsdottir H, Hallsdottir MH, Sveinsson S, Jonsdottir
SR, Olafsson VG et al. Dental health of patients with Parkinson’s disease
in Iceland. Spec Care Dentist. 2009; 29: 123-7.

Ylostalo P, Suominen-Taipale L, Reunanen A, Knuuttila M. Association
between body weight and periodontal infection. J Clin Periodontol. 2008;
35: 297-304.

Linden G, Patterson C, Evans A, KeeF. Obesity and periodontitis in 60-70-
year-old men. J Clin Periodontol. 2007; 34: 461-6.

Al-Zahrani MS, Bissada NF, Borawskit EA. Obesity and periodontal disease
in young, middle-aged, and older adults. J Periodontol. 2003; 74: 610-5.
Dervis E. Oral implications of osteoporosis. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2005; 100: 349-56.

Brennan RM, Genco RJ, Hovey KM, Trevisan M. Clinical attachmento
loss, systemic bone density, and subgingival calculus in postmenopausal
women. J Periodontol. 2007; 78: 2104-11.

Krall EA, Wehler C, Garcia RI, Harris SS, Dawson-Hughes B. Calcium and
vitamin D supplements reduce tooth loss in the elderly. Am J Med. 2001;
111: 452-6.

Montenegro FLB, Pereira CMM, Marchini L, Nascimento DFF, Brunetti RF.
Efeitos colaterais bucais dos medicamentos em idosos: um ponto muito
importante para discussdo pela equipe interdisciplinar de cuidados em
salde; 2006. Available from: http://www.odontologia.com.br/
artigos.asp?id=552. Acessed 2008 out 19.

Sreebny LM. Salivary flow in health and disease: an appraisal and update.
Int Dent J. 2000; 50: 140-61.

Nagler RM, Hershkovic O. Relationships between age, drugs, oral sensorial
complaints and salivary profile. Arch Oral Biol. 2005; 50: 7-16.
Pajukoski H, Meurman JH, Snellman-Gréhn S, Keindnen S, Sulkava R.
Salivary flow and composition in elderly patients referred to an acute geriatric
ward. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1997; 84: 265-71.
Johnson GK, Hill M. Cigarette smoking and periodontal patient. J Periodontol.
2004; 75: 196-209.

Torrungruang K, Nisapakultorn K, Sutdhibhisal S, Tamsailom S,
Rojanasomsith K, Vanichjakvong O et al. The effect of cigarette smoking
on the severity of periodontal disease among older Thai adults. J Periodontol.
2005; 76: 566-72.

Genco RJ, Ho AW, Kopman J, Grossi SG, Dunford RG, Tedesco LA.
Models to evaluate the role of stress in periodontal disease. Ann Periodontol.
1998; 3: 288-302.

Deinzer R, Forster P, Fuck L, Herforth A, Stiller-Winkler R, Idel H. Increase
of crevicular interleukin-14 under academic stress at experimental gingivitis
sites and at sites of perfect oral hygiene. J Clin Periodontol. 1999; 26: 1-8.
DeFronzo RA, Ferrannini E. Insulin resistance. A multifaceted syndrome
responsible for NIDDM, obesity, hypertension, dyslipedemia, and
atherosclerotic cardiovascular disease. Diabetes Care. 1991; 14: 173-94.
Duval X, Leport C. Prophylaxis of infective endocarditis: current tendencies,
continuing controversies. Lancet Infect Dis. 2008; 8: 225-32.

Braz J Oral Sci. 9(1):1-6



