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Periodontitis is an oral inflammatory disease and may contribute to low-grade systemic inflammation. Based on the contribution of periodontitis to systemic inflammation and the potential role of systemic inflammation in neuroinflammation, many epidemiological studies have investigated a possible association between periodontitis and mild cognitive impairment or dementia. The purpose of this study was to evaluate the clinical/epidemiological evidence regarding the association between periodontitis and cognitive decline in adult patients. A search conducted between September and October 2018 was performed in the electronic databases PubMed, Scopus, Web of Science, The Cochrane Library, LILACS, OpenGrey, and Google Scholar, with no publication date or language restrictions. Analytical observational studies in adults (P—Participants), with (E—Exposure) and without periodontitis (C—Comparison) were included in order to determine the association between periodontitis and cognitive decline (O—Outcome). The search identified 509 references, of which eight observational studies were accorded with the eligibility criteria and evaluated. The results should, however, be interpreted cautiously due to the limited number of studies. This systematic review points to the need for further well-designed studies, such as longitudinal observational studies with control of modifiable variables, as diagnostic criteria and time since diagnosis of periodontitis and cognitive impairment, to confirm the proposed association.
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INTRODUCTION

As life expectancy has increased and the elderly population has grown, there has been an increase in the prevalence of age-related diseases, as well as mild cognitive impairment (MCI) (1–5). The MCI is a pathological cognitive state with potential progression to dementia, resulting in social and health sequelae (6). According to the World Health Organization (WHO), the number of people living with dementia is expected to triple, from 50 to 152 million by 2050, which is alarming as it is one of the leading causes of mortality and disability in elderly adults (7, 8).

Given the increasing prevalence of age-related diseases, investigating modifiable risk factors for dementia is an essential objective for developing preventative strategies. The known risk factors for dementia include age, presence of apolipoprotein E allele (9), family history and schooling (10–13). Chronic inflammation has also been identified as a risk factor on this disease (14–16).

Periodontitis is a chronic inflammatory and infectious disease of multifactorial etiology, which affects the protective and support tissue of teeth, the periodontium (17). This is the most prevalent disease in the oral cavity, as well as dental caries (18, 19). Studies have proposed that periodontitis induces chronic systemic inflammation, which stimulates the production of inflammatory cytokines, among them interleukin 1β (IL-1β), interleukin 6 (IL-6) and tumor necrosis factor-alpha (TNF-α), and contributes to an increase in the neuroinflammatory response (20–24).

Periodontitis may be associated with other chronic inflammatory systemic diseases (25), including cardiovascular diseases (26) such as atherosclerosis (27), rheumatoid arthritis (28) and diabetes (29). This evidence suggests that periodontitis is an important source of inflammatory mediators reaching all systems through the blood circulation (24). Based on the contribution of periodontitis to systemic inflammation and the potential role of systemic inflammation in neuroinflammation (24), it is relevant to consider an association between chronic periodontitis and cognitive impairment. The aim of this study was, through a systematic review to analyze the association between periodontitis and cognitive impairment in adults.

METHODS

Protocol and Registration

This systematic review was recorded in the PROSPERO database (https://www.crd.york.ac.uk/PROSPERO/), under registration number CRD42017056276. The PRISMA guidelines were followed (Supplementary Table S1) (30, 31).

Study Design and Eligibility Criteria

After the initial search and exclusion of duplicate records, studies were selected for full reading based on the acronyms PECO from the evaluation of the title and abstract. We included observational studies focused in adult humans (P) in which patients with periodontitis (E) and without periodontitis (C) were part of the same investigation, in order to observe an association between periodontitis and cognitive decline (O). This strategy aimed to answer the following question: Is there an association between periodontitis and cognitive impairment in adults?

The selection of articles was also based on the following exclusion criteria: studies that reported intervention, such as periodontal therapy and patients with gingivitis only (periodontal inflammation without bone loss), as well as review articles, case reports, letters, editorials, theses or articles that did not include the results of interest.

Search Strategy

The literature review was conducted in the following electronic databases: PubMed, Scopus, Web of Science, The Cochrane Library and LILACS. The gray literature was consulted through OpenGrey and Google Scholar. The search was conducted between September and October 2018. Data collection was done independently by two reviewers (PCN, MMCL). Any disagreements between the examiners were resolved by a third reviewer (RRL).

The MeSH terms, keywords and detailed search strategies were appropriately adapted for each database using the Boolean operators (OR, AND) to combine the searches (Supplementary Table S2).

No restrictions were imposed on the date of publication or the language used in primary studies. A manual search was performed on the reference lists of included studies to find additional studies. An alert was created on each database for the new studies included after the running of searches. Articles that were in more than one database were considered only once.

Data Extraction

After collecting the references in the databases, all articles were stored in a reference manager (EndNote®, version X7, Thomson Reuters). Initially, we exclude duplicates, leaving the articles for analysis by title and abstract following the eligibility criteria. From then on, the articles elected were analyzed and judged in their full-text.

After selection, the following data were extracted from the included articles in the qualitative analysis: year, source of sample; characteristics of the participants (sample size and age); evaluation methods (for periodontitis and cognitive decline); statistical analysis, results and outcomes.

Data Analysis

Risk of Bias

For the evaluation of the methodological quality and the risk of bias, the checklist of Fowkes and Fulton (32) was applied. This checklist has domains covering the study and sample design; characteristics of the control group; quality of measures and results; and integrity and distorting influences.

After evaluating each criterion, different signals were attributed in cases of major problems (++) in the study or in minor problems (+), in order to evaluate if the methods are adequate to produce consistent and valid information, as well as if the results expected effects that could draw conclusions. In the items where the question was not applicable to the type of study, the acronym NA (not applicable) was assigned. No problem was assigned using another signal (0). The evaluation for each domain was standardized by an adapted version to the criteria previously described (Supplementary Table S3) (27).

After a detailed evaluation of the methods and results, the studies were analyzed to verify the possibility of “biased results,” “confusions” and “chance occurrence.” In order to determine the value of the study, three summary questions were answered: “Are the results erroneously biased in certain direction?”; “Are there any serious confusing or other distorting influences?” and “Is it likely that the results occurred by chance?” “YES” and “NO” answers were assigned. If the answer is NO in the three questions, the article is considered reliable, with low risk of bias.

RESULTS

Study Selection

A total of 509 relevant studies were identified in the electronic databases. Among these, 108 were duplicates and were excluded. Of the remainers, 401 titles and abstracts were analyzed and 390 were eliminated as they did not satisfy the inclusion criteria. The full text evaluation results in 11 articles (33–43).

Three articles (36, 37, 39) were subsequently excluded due to the lack of a control group (adult patients without periodontitis). Thus, eight studies were included in the qualitative synthesis (33–35, 38, 40–43). All steps were performed by two reviewers (PCN and MMLC) and checked by a third reviewer in the case of disagreement (RRL). Each step is described in Figure 1 according to the PRISMA flowchart (30).
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FIGURE 1. Flow diagram of databases was searching accordingly with PRISMA guidelines (30).



Characteristics of the Studies

In the eight articles included, the samples were from communities, hospitals, and national epidemiological surveys. One of them (43) was classified as a prospective cohort, four studies (35, 40–42) were retrospective cohorts and three were transverse studies (33, 34, 38). A summary and the characteristics of each study are presented in Table 1.


Table 1. Summary of characteristics and results of the included studies.
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Most of the studies (33–35, 38, 40, 42, 43) included adults over 50 years old; only one study (41) included participants of 20 years and older.

For the periodontitis evaluation, most studies considered the following clinical parameters: two articles (33, 40) measured probing depth (mm) and clinical attachment loss; two articles (35, 38) evaluated only probing depth; three articles (41–43) included participants with periodontitis diagnosed according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM); and one study (34) used laboratory parameters, such as serum levels of immunoglobulins G (IgG) against Porphyromonas gingivalis (P. gingivalis).

The diagnostic tools used to assess cognitive impairment varied among the studies. Three studies (41–43) used diagnostics established by means of ICD-9-CM coding; one study used the Mini-mental State Examination (MMSE) (40), one article (38) used the MMSE with the Hasegawa Dementia Scale-Revised (HDS-R); one study (35) used two Wechsler Adult Intelligence Scale (WAIS) subtests i.e., the Digit Symbol Test (DST) and the Block Design Test (BDT); one study (33) applied the 2 min Digit Symbol Substitution Test (DSST); and one article (34) used three tests: delayed logical verbal memory test from the East Boston Memory Test, three word registration/memory tasks and five serial subtractions by intervals of three.

All articles (33–35, 38, 40–43) highlighted an association between periodontitis and cognitive impairment. Individuals with periodontitis reported a higher probability of developing cognitive decline or an associative relationship between both conditions.

Risk of Bias

The risk of bias evaluation was performed using three questions associated with the risk of bias, confounding factors and chance occurrence, which summarized the quality assessment of the included studies. Although some studies presented minor problems, they did not influence the final risk of bias, and all were considered as a low risk, with consistent information, as shown in Table 2.


Table 2. Quality assessment of studies included, according to Fowkes and Fulton (32).
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All articles presented a minor problem (+) regarding the item “Sample size” i.e., they did not report a sample size calculation. Likewise, Iwasaki et al. (38), Iwasaki et al. (40) and Kamer et al. (35) did not describe randomization, but reported the matching of groups.

The studies performed by Chen et al. (42), Lee et al. (43) and Tzeng et al. (41) were considered as having a minor problem in the item “Validity,” C as they were based on a diagnosis established by ICD-9-CM coding. This approach presents low specificity due to the absence of clinical parameters or complementary exams in the diagnosis of periodontitis. The study by Noble et al. (34) was also scored as presenting a minor problem (+) in the item “Validity” due to the use of laboratory parameters as the only method to diagnose periodontitis.

Finally, the articles by Iwasaki et al. (38), Iwasaki et al. (40), Noble et al. (34) and Yu and Kuo (33) did not emphasize the blindness between evaluators and the subjects of the research.

DISCUSSION

This systematic review presents evidence that periodontitis patients may have a higher probability of developing cognitive impairment than those without periodontitis, or suggesting a positive association between the pathologies. This observation is based on eight studies (33–35, 38, 40–43).

Systematic reviews involve the application of methodological strategies that limit the risk of bias, evaluate and summarize crucial scientific evidence. Such systematic analyses can help professionals leaving them up to date for clinical decision-making (45). The quality assessment tools vary according to the type of study (46).

In this systematic review, the included studies were observational analytical studies: one prospective cohort (43); four retrospective cohort (35, 40–42) and three transversal studies (33, 34, 38) which make Fowkes and Fulton (32) checklist valid for the evaluation of methodological quality and risk of bias.

Regarding the outcome, the relationship between periodontitis and cognitive impairment demonstrated by all articles (33–35, 38, 40–43) can be attributed to three possible mechanisms: (1) a direct process through the bloodstream; (2) an indirect process through inflammatory mediators; and (3) induction of expression of platelet aggregation proteins (24, 47).

Periodontitis is an inflammatory disease that affects the periodontium, causing the progressive loss of dental support tissues, with the bacterial plaque having been identified as its primary cause (18, 48). The first possible mechanism linking periodontitis and cognitive impairment suggests that bacteria or viruses present in dental plaque enter into the bloodstream, resulting in a systemic infection and causing direct deleterious effects. From the bloodstream, the pathogens' products pass through the blood-brain barrier and reach the brain, which can directly contribute to cognitive decline, resulting in dementia and subsequently neurodegenerative diseases, such as Alzheimer's Disease (AD) (47, 49).

The second mechanism proposes an association through an indirect process, based on an inflammatory response against periodontitis. The presence of periodontal pathogens initiates an increase in the serum levels of inflammatory mediators such as cytokines (interleukin 6 [IL-6] and tumor necrosis factor alpha [TNF-α]), proteins (C-reactive protein [CRP]) and cell adhesion molecules (Intercellular adhesion molecule [ICAM-1] and vascular cell adhesion molecule [VCAM-1]) (47, 50, 51).

The third mechanism is based on studies that have investigated the expression of platelet aggregation proteins resulting from the presence of periodontal bacteria, including Streptococcus sanguis and P. gingivalis (47, 52). As a result, periodontitis may play a role in the formation of atheroma and thrombi, contributing to atherosclerotic disease and increasing the risk of cognitive decline due to vascular dementia (53).

Based on the proposed models, this systematic review searched for studies that investigated the association between periodontitis and cognitive impairment. To prove this association, methods of appropriate sensitivity and good specificity should be used. Most of the studies (33, 35, 38, 40) included in this systematic review used evaluation methods validated by the scientific literature, such as probing depth (PD) and clinical attachment loss (CAL). In contrast, three studies (41–43) have used only ICD-9-CM as a parameter to identify periodontitis, without reporting periodontal clinical parameters in this evaluation, which may lead to a questionable clinical validity (54). Noble et al. (34), only used laboratory analysis of a serological marker for P. gingivalis. This methodological failure to use the ideal instrument for the diagnosis of periodontitis was what characterized the studies by Chen et al. (42), Lee et al. (43), Tzeng et al. (41) and Noble et al. (34) as having a lower risk (+) in the quality assessment.

Besides using an appropriate diagnostic method, the study sample should be representative to ensure an inferential value. None of the studies included in this systematic review presented a sample size calculation, which can be viewed as a minor problem (+). However, five studies (33, 34, 41–43) obtained their sample from a National Survey, and such surveys are usually based on a prior sample size calculation.

Although the included studies suggests a positive association between periodontitis and cognitive impairment, some limitations were identified in this review. One of these problems was the use of different methods to evaluate cognitive impairment, as the inadequate description of the source of bias, including the size sample calculation, and the lack of reproducibility in the of periodontitis and cognitive impairment diagnosis when using the ICD-9-CM coding parameters. Another limitation was the impossibility to summarize the data in a quantitative analysis. Although the systematic review included 8 studies according to our eligibility criteria, the quantitative synthesis would be inconsistent not only for the diversity among the periodontal clinical parameters and diagnosis of cognitive impairment but also for the presence of a few studies to a group which have these specific parameters.

Based on the results presented by included studies, we cannot rule out the hypothesis that periodontitis and dementia, as common diseases to older adults and/or presenting common risk factors (55), have an eventuality connection. One of the possible reasons for the highlighted association between periodontitis and cognitive impairment is the reverse causality of the two conditions. Individuals with cognitive decline may present deficits in self-care and oral hygiene, which can lead to a higher incidence of periodontitis in these patients (56). The included studies may not answer this association as a result of a pathophysiological process due to a possible insufficient duration of the studies. In addition, the exclusion criteria used by some studies (41–43) may not have been sufficient to ensure that the development of periodontitis preceded the onset of dementia.

CONCLUSION

In view of the scientific evidence, an association between periodontitis and cognitive decline is suggested. The diagnosis and treatment of chronic periodontitis is essential for reducing the bacterial source capable of inducing an increase in the levels of proinflammatory cytokines, and, consequently, promoting a better quality of life, especially for elderly adults. There is a need for more observational studies on this topic with control of modifiable variables (diagnostic criteria, time of diagnosis and follow-up between periodontitis and cognitive decline, level of education, etc.) to investigate the cause-effect relationship between the pathologies.

AUTHOR CONTRIBUTIONS

PN, AA, NF, LM, and RL: study concept and design. PN, MC, NF and MM: analysis and interpretation of data. PN, MC, and AA: preparation of manuscript. LM and RL: critical revision of manuscript.

ACKNOWLEDGMENTS

The authors thank the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior—Brasil (CAPES)—Finance Code 001.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2019.00323/full#supplementary-material

REFERENCES

 1. Levy R. Aging-associated cognitive decline. Working party of the international psychogeriatric association in collaboration with the World Health Organization. Int Psychogeriatr. (1994) 6:63–8. doi: 10.1017/S1041610294001626

 2. Bennett DA, Wilson RS, Schneider JA, Evans DA, Beckett LA, Aggarwal NT, et al. Natural history of mild cognitive impairment in older persons. Neurology. (2002) 59:198–205. doi: 10.1212/WNL.59.2.198

 3. Ritchie K, Lovestone S. The dementias. Lancet. (2002) 360:1759–66. doi: 10.1016/S0140-6736(02)11667-9

 4. Prince M, Acosta D, Chiu H, Scazufca M, Varghese M. Dementia diagnosis in developing countries: a cross-cultural validation study. Lancet. (2003) 361:909–17. doi: 10.1016/S0140-6736(03)12772-9

 5. Jiang X, Huang J, Song D, Deng R, Wei J, Zhang Z. Increased consumption of fruit and vegetables is related to a reduced risk of cognitive impairment and dementia: meta-analysis. Front Aging Neurosci. (2017) 9:18. doi: 10.3389/fnagi.2017.00018

 6. Hill NT, Mowszowski L, Naismith SL, Chadwick VL, Valenzuela M, Lampit A. Computerized cognitive training in older adults with mild cognitive impairment or dementia: a systematic review and meta-analysis. Am J Psychiatry. (2017) 174:329–40. doi: 10.1176/appi.ajp.2016.16030360

 7. Organization WH. The World Health Report 2003: Shaping the Future. World Health Organization (2003). Geneva. Available online at: https://www.who.int/whr/2003/en/

 8. Prince M. Epidemiology of dementia. Psychiatry. (2007) 6:488–90. doi: 10.1016/j.mppsy.2007.10.001

 9. Singhrao SK, Harding A, Chukkapalli S, Olsen I, Kesavalu L, Crean S. Apolipoprotein E related co-morbidities and Alzheimer's Disease. J Alzheimers Dis. (2016) 51:935–48. doi: 10.3233/JAD150690

 10. Crook T, Bahar H, Sudilovsky A. Age-associated memory impairment: diagnostic criteria and treatment strategies. Int J Neurol. (1987) 21–2:73–82.

 11. Petersen RC, Stevens JC, Ganguli M, Tangalos EG, Cummings JL, Dekosky ST. Practice parameter: early detection of dementia: mild cognitive impairment (an evidence-based review). Report of the quality standards subcommittee of the American Academy of Neurology. Neurology. (2001) 56:1133–42. doi: 10.1212/WNL.56.9.1133

 12. Wimo A, Winblad B, Aguero-Torres H, Von Strauss E. The magnitude of dementia occurrence in the world. Alzheimer Dis Assoc Disord. (2003) 17:63–7. doi: 10.1097/00002093-200304000-00002

 13. Bird TD. Genetic aspects of Alzheimer Disease. Genet Med. (2008) 10:231–9. doi: 10.1097/GIM.0b013e31816b64dc

 14. Holmes C, El-Okl M, Williams AL, Cunningham C, Wilcockson D, Perry VH. Systemic infection, interleukin 1beta, and cognitive decline in Alzheimer's disease. J Neurol Neurosurg Psychiatr. (2003) 74:788–9. doi: 10.1136/jnnp.74.6.788

 15. Engelhart MJ, Geerlings MI, Meijer J, Kiliaan A, Ruitenberg A, Van Swieten JC, et al. Inflammatory proteins in plasma and the risk of dementia: the rotterdam study. Arch Neurol. (2004) 61:668–72. doi: 10.1001/archneur.61.5.668

 16. Holmes C, Cunningham C, Zotova E, Woolford J, Dean C, Kerr S, et al. Systemic inflammation and disease progression in Alzheimer disease. Neurology. (2009) 73:768–74. doi: 10.1212/WNL.0b013e3181b6bb95

 17. Caton JG, Armitage G, Berglundh T, Chapple ILC, Jepsen S, Kornman KS, et al. A new classification scheme for periodontal and peri-implant diseases and conditions - introduction and key changes from the 1999 classification. J Clin Periodontol. (2018) 45(Suppl 20):S1–8. doi: 10.1111/jcpe.12935

 18. Swedish Council on Health Technology Assessment S. (2004). Chronic Periodontitis – Prevention, Diagnosis and Treatment: A Systematic Review. Swedish Council on Health Technology Assessment (SBU).

 19. Van Dyke TE, Van Winkelhoff AJ. Infection and inflammatory mechanisms. J Clin Periodontol. (2013) 40(Suppl 14):S1–7. doi: 10.1111/jcpe.12088

 20. Kamer AR, Dasanayake AP, Craig RG, Glodzik-Sobanska L, Bry M, De Leon MJ. Alzheimer's disease and peripheral infections: the possible contribution from periodontal infections, model and hypothesis. J Alzheimers Dis. (2008) 13:437–49. doi: 10.3233/JAD-2008-13408

 21. Fentoglu O, Koroglu BK, Hicyilmaz H, Sert T, Ozdem M, Sutcu R, et al. Pro-inflammatory cytokine levels in association between periodontal disease and hyperlipidaemia. J Clin Periodontol. (2011) 38:8–16. doi: 10.1111/j.1600-051X.2010.01644.x

 22. Becerik S, Ozturk VO, Atmaca H, Atilla G, Emingil G. Gingival crevicular fluid and plasma acute-phase cytokine levels in different periodontal diseases. J Periodontol. (2012) 83:1304–13. doi: 10.1902/jop.2012.110616

 23. Zhu H, Lin X, Zheng P, Chen H. Inflammatory cytokine levels in patients with periodontitis and/or coronary heart disease. Int J Clin Exp Pathol. (2015) 8:2214–20.

 24. Teixeira FB, Saito MT, Matheus FC, Prediger RD, Yamada ES, Maia CSF, et al. Periodontitis and Alzheimer's Disease: a possible comorbidity between oral chronic inflammatory condition and neuroinflammation. Front Aging Neurosci. (2017) 9:327. doi: 10.3389/fnagi.2017.00327

 25. Linden GJ, Herzberg MC. Periodontitis and systemic diseases: a record of discussions of working group 4 of the Joint EFP/AAP Workshop on periodontitis and systemic diseases. J Periodontol. (2013) 84:S20–3. doi: 10.1902/jop.2013.1340020

 26. Mustapha IZ, Debrey S, Oladubu M, Ugarte R. Markers of systemic bacterial exposure in periodontal disease and cardiovascular disease risk: a systematic review and meta-analysis. J Periodontol. (2007) 78:2289–302. doi: 10.1902/jop.2007.070140

 27. Almeida A, Fagundes NCF, Maia LC, Lima RR. Is there an association between periodontitis and atherosclerosis in adults? A systematic review. Curr Vasc Pharmacol. (2017). doi: 10.2174/1570161115666170830141852

 28. Kaur S, White S, Bartold M. Periodontal disease as a risk factor for rheumatoid arthritis: a systematic review. JBI Libr Syst Rev. (2012) 10:1–12. doi: 10.11124/jbisrir-2012-288

 29. Chapple IL, Genco R. Diabetes and periodontal diseases: consensus report of the Joint EFP/AAP Workshop on periodontitis and systemic diseases. J Periodontol. (2013) 84:S106–12. doi: 10.1902/jop.2013.1340011

 30. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. Ann. Intern. Med. (2009) 151:264–9, w264. doi: 10.1371/journal.pmed.1000097

 31. Maia LC, Antonio AG. Systematic reviews in dental research. A guideline. J Clin Pediatr Dent. (2012) 37:117–24. doi: 10.17796/jcpd.37.2.h606137vj3826v61

 32. Fowkes FG, Fulton PM. Critical appraisal of published research: introductory guidelines. BMJ. (1991) 302:1136–40. doi: 10.1136/bmj.302.6785.1136

 33. Yu YH, Kuo HK. Association between cognitive function and periodontal disease in older adults. J Am Geriatr Soc. (2008) 56:1693–7. doi: 10.1111/j.1532-5415.2008.01847.x

 34. Noble JM, Borrell LN, Papapanou PN, Elkind MS, Scarmeas N, Wright CB. Periodontitis is associated with cognitive impairment among older adults: analysis of NHANES-III. J Neurol Neurosurg Psychiatr. (2009) 80:1206–11. doi: 10.1136/jnnp.2009.174029

 35. Kamer AR, Morse DE, Holm-Pedersen P, Mortensen EL, Avlund K. Periodontal inflammation in relation to cognitive function in an older adult Danish population. J Alzheimers Dis. (2012) 28:613–24. doi: 10.3233/JAD-2011-102004

 36. Moriya S, Tei K, Toyoshita Y, Koshino H, Inoue N, Miura H. Relationship between periodontal status and intellectual function among community-dwelling elderly persons. Gerodontology. (2012) 29:e368–74. doi: 10.1111/j.1741-2358.2011.00483.x

 37. Sparks Stein P, Steffen MJ, Smith C, Jicha G, Ebersole JL, Abner E, et al. Serum antibodies to periodontal pathogens are a risk factor for Alzheimer's disease. Alzheimers. Dement. (2012) 8:196–203. doi: 10.1016/j.jalz.2011.04.006

 38. Iwasaki M, Kimura Y, Yoshihara A, Ogawa H, Yamaga T, Sato M, et al. Oral health status in relation to cognitive function among older Japanese. Clin Exp Dent Res. (2015) 1:3–9. doi: 10.1002/cre2.2

 39. Kamer AR, Pirraglia E, Tsui W, Rusinek H, Vallabhajosula S, Mosconi L, et al. Periodontal disease associates with higher brain amyloid load in normal elderly. Neurobiol Aging. (2015) 36:627–33. doi: 10.1016/j.neurobiolaging.2014.10.038

 40. Iwasaki M, Yoshihara A, Kimura Y, Sato M, Wada T, Sakamoto R, et al. Longitudinal relationship of severe periodontitis with cognitive decline in older Japanese. J Periodontal Res. (2016) 51:681–8. doi: 10.1111/jre.12348

 41. Tzeng NS, Chung CH, Yeh CB, Huang RY, Yuh DY, Huang SY, et al. Are chronic periodontitis and gingivitis associated with dementia? A nationwide, retrospective, matched-cohort study in Taiwan. Neuroepidemiology. (2016) 47:82–93. doi: 10.1159/000449166

 42. Chen C-K, Wu Y-T, Chang Y-C. Association between chronic periodontitis and the risk of Alzheimer's disease: a retrospective, population-based, matched-cohort study. Alzheimer's Res Ther. (2017) 9:56. doi: 10.1186/s13195-017-0282-6

 43. Lee YT, Lee HC, Hu CJ, Huang LK, Chao SP, Lin CP, et al. Periodontitis as a modifiable risk factor for dementia: a nationwide population-based cohort study. J Am Geriatr Soc. (2017) 65:301–5. doi: 10.1111/jgs.14449

 44. Avlund K, Schultz-Larsen K, Krustrup U, Christiansen N, Holm-Pedersen P. Effect of inflammation in the periodontium in early old age on mortality at 21-year follow-up. J Am Geriatr Soc. (2009) 57:1206–12. doi: 10.1111/j.1532-5415.2009.02328.x

 45. Cook DJ, Mulrow CD, Haynes RB. Systematic reviews: synthesis of best evidence for clinical decisions. Ann Intern Med. (1997) 126:376–80. doi: 10.7326/0003-4819-126-5-199703010-00006

 46. Sanderson S, Tatt ID, Higgins JP. Tools for assessing quality and susceptibility to bias in observational studies in epidemiology: a systematic review and annotated bibliography. Int J Epidemiol. (2007) 36:666–76. doi: 10.1093/ije/dym018

 47. Watts A, Crimmins EM, Gatz M. Inflammation as a potential mediator for the association between periodontal disease and Alzheimer's disease. Neuropsychiatr Dis Treat. (2008) 4:865–76.

 48. Newman MG, Takei H, Klokkevold PR, Carranza FA Jr. Carranza Periodontia Clínica. Elsevier (Medicina) (2012).

 49. Stein PS, Scheff S, Dawson DR. Alzheimer's disease and periodontal disease: Mechanisms underlying a potential bi-directional relationship (2006). doi: 10.1590/1806-9282.60.02.015

 50. Banks WA, Farr SA, Morley JE. Entry of blood-borne cytokines into the central nervous system: effects on cognitive processes. Neuroimmunomodulation. (2002) 10:319–27. doi: 10.1159/000071472

 51. Ishida N, Ishihara Y, Ishida K, Tada H, Funaki-Kato Y, Hagiwara M, et al. Periodontitis induced by bacterial infection exacerbates features of Alzheimer's disease in transgenic mice. NPJ Aging Mech Dis. (2017) 3:15. doi: 10.1038/s41514-017-0015-x

 52. Pham K, Feik D, Hammond BF, Rams TE, Whitaker EJ. Aggregation of human platelets by gingipain-R from Porphyromonas gingivalis cells and membrane vesicles. Platelets. (2002) 13:21–30. doi: 10.1080/09537100120104863

 53. Haan MN, Shemanski L, Jagust WJ, Manolio TA, Kuller L. The role of APOE epsilon4 in modulating effects of other risk factors for cognitive decline in elderly persons. JAMA. (1999) 282:40–6. doi: 10.1001/jama.282.1.40

 54. Mccarthy EP, Iezzoni LI, Davis RB, Palmer RH, Cahalane M, Hamel MB, et al. Does clinical evidence support ICD-9-CM diagnosis coding of complications? Med Care. (2000) 38:868–76. doi: 10.1097/00005650-200008000-00010

 55. Harding A, Gonder U, Robinson SJ, Crean S, Singhrao SK. Exploring the association between Alzheimer's Disease, oral health, microbial endocrinology and nutrition. Front Aging Neurosci. (2017) 9:398. doi: 10.3389/fnagi.2017.00398

 56. Delwel S, Binnekade TT, Perez RSGM, Hertogh CMPM, Scherder EJA, Lobbezoo F. Oral hygiene and oral health in older people with dementia: a comprehensive review with focus on oral soft tissues. Clin Oral Investig. (2018) 22:93–108. doi: 10.1007/s00784-017-2264-2

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Nascimento, Castro, Magno, Almeida, Fagundes, Maia and Lima. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-10-00323-t002.jpg
Diretriz Lista de verificago Chenetal. Iwasaki  Iwasaki Kameretal. Lecetal. Nobleetal. Tzengetal. Yuetal.
@2)  etal(®) etal(o)  (35) @) @) @) )
Study sample  Source of sample o 0 o o 0 0 o o
representative?  Sampling mothod 0 0 o o 0 0 0 0
Sample size + + + + + + + +
Entry crteria/exclusion o 0 o 0 0 0 o o
Non-respondents o 0 o 0 o 0 o o
Control group_ Definition of controls o o o o o 0 o o
acceptable?  Source of controls o 0 o ) 0 0 0 0
Matching/randomization 0 + + + 0 0 0 0
Comparable characteristics o 0 o o o 0 ) o
Qualty of Validity ¥ 0 0 0 ¥ 5 + 0
measurements  Reproducibilty 0 o 0 0 o o 0 o
and ouleomes? gy s o ++ -+ + 0 o+ 0 ++
Qualiy control 0 0 0 0 0 0 o o
Completeness  Gomplance o o o o o 0 o o
Drop outs o NA o o 0 NA o NA
Deaths o NA o o o NA o NA
Missing data o NA o 0 0 NA o NA
Distorting Extraneous treatments o o o o o 0 o o
influences? Contamination NA NA NA NA NA NA NA NA
Changes over fime o 0 0 o o 0 o o
Confounding factors [ 0 o (] 0 0 0 0
Distortion reduced by analysis 0 0 0 0 o 0 0 0
Summary Blas:
questions Are the results erroneously biasedin  NO No No NO NO NO NO NO
certain direction?
Confounding:
Are there any serious confusing or NO NO NO NO NO No NO NO
other distorting influences?
Chances
Is tlikely that the results ocoured by NO NO NO NO NO No NO NO

chance?

0: No problem; +: Minor problem; ++: Major problem; NA: Not Applicable.





OPS/images/fneur-10-00323-g001.gif
‘St eniied by e
et
i = R,
] | S5
£ e
Bl o) * LILACS (s5)
=
e e
sy o
H prreprrmmmers IR e
e | [ e
T T
e
3 qualtasve symhesis
1 @e






OPS/images/fneur-10-00323-t001.jpg
Author (year) Study design

Chenetal (42)  Retrospective
cohort
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study

Iwasaki et al. (40)  Retrospective
cohort

Kamer etal. (35)  Retrospective
cohort
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cohort

Noble etal. (34)  Cross-sectional
study

Tzengetal (41)  Retrospective
cohort

Yuetal. (33) Gross-sectional
study

Participants

Source

National Health
Insurance Research
Database (NHIRD),
Taiwan, 1997-2004

Tosa, Kochi, Japan

Tosa, Kochi, Japan

Copenhagen County
Hospital and the

County Mental Hospital

in Glostrup,

Copenhagen, Denmark

National Health
Insurance Research
Database (NHIRD),
Taiwan

Third National Health
and Nutrition
Examination Survey
(NHANES-1I), EUA,
1991-1994

National Health
Insurance Research
Database (NHIRD),
Taiwan, 2000-2010

Third National Health
and Nutrition
Examination Survey
(NHANES-II), EUA,
2001-2002

Sample size (1)
Age

With periodontits:
9291 without
periodontits:
18.672 > 50 years

183 2 75 years

With periodontitis:
21 without
periodontits:

64 > 75 years

152 > 70 years

With periodontitis:
3,028 without
periodontitis:
3,028 > 65 years

2,355 = 60 years

With periodontitis:
2,207 without
periodontitis:
6,621 > 20 years

803 = 60 years

Diagnostic method

Periodontitis

Clinical: ICD-9-CM
diagnostic criteria.
Code 523.4 (chronic
periodontitis)

Ginical: attachment
loss (AL): interproximal
AL = 5mm in 250% of
teeth

Ginical: >2
interproximal sites with
clinical attachment loss
Oz = 6mm (not on the
same tooth) and > 1
interproximal site with
probing depth > 5mm

Ciinical: inspection and
probing using the
Modified Community
Periodontal Indlex
(MCPI) (44) for the
classification of
periodontitis

Clinical: ICD-9-CM
diagnostic criteria.
Code 523.3-5
(periodontitis)

Laboratory samples
(reported in ELISA units
of lgG [EU)): Mean

P gingivalis IgG for
healthy indviduals <57
EU, mild periodontitis
58-65 EU, moderate
periodontitis 66-119
EU and severe
periodontitis > 119 EU.

Glinical: 1CD-9-CM
diagnostic criteria.
Code: 523.1 (chronic
gingivitis) and 523.4
(chronic periodontits)

Clinical: probing depths
in milimeters and
clinical attachment level
(CAL).

Cognitive
impairment

Ciinical: IGD-9-CM
diagnostic criteria.
Code 331.0
(Aizheimer's Disease)

Ciinical: Mini-Mental
State Examination
(MMSE), low
scorebaixo = 23/24;
Hasegawa Dementia
Scale-Revised, low
scorebaixo = 20/21
(HDS-R)

Ciiical: Mini-Mental
State Examination
(MMSE)

Clinical: Wechsler Adult
Inteligence Scale
(WAIS), which
measures several
domains of cogritive
function: digit symbol
(DST [score 0-90)),
picture completion, and
block design (BDT
[score 0-48))

Cinical: ICD-9-CM
diagnostic criteria.
Codes 290.0-290.4,
204.1,331.0-331.2.
(dementias)

Ciinical:
1) an immediate and
delayed logical verbal
memory test from the
East Boston Memory
Test;

2)a three-word
registration/memory
task (‘apple,” “table”
and “penny’); and 3)
five serial subtractions
by intervals of three.
Cinical: ICD-9-CM
diagnostic criteria.
Code: 290.0,
200.10-290.13,
290.20-290.21, 290.3,
290.41-290.43,
290.8-290.9, and
331.0. (dementias)
Glinical: 2-minute Digit
Symbol Substitution
Test (DSST), score
1-133

ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification; P. gingivalis: Poryphyromonas gingivalis.

Statistical analysis

Cox regression:
Analysis —Hazard
Ratios (HRs) and 95%
confidence intervals (Cl)

Logistic regression
analyses—odds ratios
(OR) and 95%
confidence intervals (C)

1. Multivariable Poisson
regression
analyses—relative risk
(RR)—and

2. multivariable linear
regression (coefficient),
both whit 95%
confidence intervals (Cl)

Logistic regression
analyses—odds ratios
(OR) and 95%
confidence intervals (Cl)

Cox proportional
hazards regression
model—hazard ratios
(HR) and 95%
confidence intervals (Cl)

Logistic regression
analyses—odds ratios
(OR) and 95%
confidence intervals (Cl)

Cox proportional
hazards regression
model—hazard ratios
(HR) and 95%
confidence intervals (G

Logistic regression
analyses—odds ratios
(OR) and 95%
confidence intervals (Cl)

Results

Adjusted HR: without
periodontits: reference;
707
(Cl: 1.152-2.528); p=
00077

The
multivariable-adjusted
OR (C) for low MMSE
score associated with
periodontal disease was
221 (1.01-4.84) and for
low HDS-R the score
associated with
periodontal disease was
4.85 (1.20-18.15)

1. Periodontitis was.
significantly associated
with an increased risk of
cognitive decline
fedjusted RR = 2.2 (C:
1.4 -45).

2. Participants with
severe periodontitis had
a1.8-point greater
decrease (Cl: 3.3-0.2) in
MMSE score than those
without

severe periodontitis
Presence of periodontal
infection (P) was strongly
associated with having a
low DST score (adjusted
OR: 7.00;
1.74-28.16)

Participants with
periodontitis had a
significantly higher risk of
developing dementia
than controls (adjusted
HR 1.16, CI: 1.01-1.32)
Indivicuals with higher
serum levels of IgG for

P gingivalis (>119) were
more likely to present a
delayed verbal recovery
(OR2.89, Cl: 1.14-7.29)
and impaired (OR 1.95,
CI'1.22 to 3.11) then
those with lower levels.
(<57)

Study subjects were
more likely to develop
dementia (adjusted HR
254, Cl: 1.207-3.352)

Higher cognitive function
(higher scores in DSST)
was associated with
lower odds of periodontal
disease (adjusted OR
069, Cl: 0.51-0.94)

Outcome

10-year chronic:
periodontitis exposure
was associated with a
1.707-fold increase in
the risk of developing
AD

Poor oral health status
was significantly
associated with
cognitive impairment
among
community-dwelling
older Japanese

Periodontitis was
significantly associated
with a future decline in
cognitive function
among
community-cwelling
older Japanese

Subjects with Pl
obtained lower mean
DST scores compared
to subjects without PI

Periodontits was
associated with greater
tisk of developing
dementia

The serological marker
of periodontitis is
associated with
impaired delayed
memory and
calculation

Patients with chronic
periodontitis and
gingivitis have a higher
tisk of developing
dementia

Higher cognitive
function was
associated with lower
odds of periodontal
disease in
non-institutionalized
older adults
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