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Objective: To investigate the correlation between periodontal disease and breast cancer.

Materials and Methods: PubMed and China National Knowledge Infrastructure (CNKI) databases were searched up to February 8, 2018 for observational studies examining the association between periodontal disease and breast cancer. Study selection was conducted according to predesigned eligibility criteria, and two authors independently extracted data from included studies. Meta-analysis was performed using the Comprehensive Meta-Analysis v2 software and risk estimates were calculated as relative risks (RRs) with corresponding 95% confidence intervals (CIs).

Results: A total of 11 study were included. Meta-analysis indicated that periodontal disease significantly increased the risk of breast cancer by 1.22-fold (RR = 1.22, 95% CI = 1.06–1.40). Amongst participants with periodontal patients and a history of periodontal therapy, the risk of developing breast cancer was not significant (RR = 1.23; 95% CI = 0.95–1.60). The association results between periodontal diseases and breast cancer were found to be robust, as evident in the leave-one-out sensitivity analysis.

Conclusions: Periodontal disease may be a potential risk factor for the development of breast cancer among women, and thus effective periodontal therapy may present as a valuable preventive measure against breast cancer.
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INTRODUCTION

Periodontal disease, a complex polymicrobial inflammatory disease, is a public health burden and is partially responsible for tooth loss. Existing epidemiological studies have linked periodontal disease to numerous systemic conditions, such as cardiovascular disease (1), preterm birth (2), osteoporosis (3), and diabetes mellitus (4), all of which may be attributed to systemic infection and inflammation (5). In recent years, there is increased interests in exploring the relationship between periodontal disease and cancer risk, particularly for cancers in the head and neck, upper gastrointestinal system, lung, and pancreas (6–9).

Cancer is a leading cause of mortality worldwide. Among the female-specific malignancies, breast cancer remains the most common cancer type in developed countries, accounting for one-third of newly diagnosed cancers (10). Available data indicated a number of risk factor associated with this cancer, such as endogenous hormone levels, immune factors and genetic susceptibility and lifestyle habits (11–14). Periodontal health status has also been identified as a risk factor for breast cancer, a study of Chung et al. (15), reported an increased risk of breast cancer among patients with chronic periodontitis [Hazard ratio (HR) = 1.23, 95% confidence interval (CI) = 1.11–1.36] although no such observation was found amongst subjects who underwent gingivectomy or periodontal flap operation (HR = 1.17, 95%CI = 0.86–1.58). However, Published studies reported inconsistent findings on the association between periodontal disease and breast cancer, with some supporting their significant association while others claiming none. For example, Freudenheim et al. (16), reported that periodontal disease significantly increased breast cancer risk (HR = 1.14, 95% CI = 1.03–1.26), particularly among former smokers who quit within 20 years (HR = 1.36, 95%CI = 1.05–1.77); while Mai et al. (17) and Han et al. (18) reported different observations. Given that single epidemiologic studies may be inadequate for identifying etiological influence of periodontal disease on breast cancer. We consequently conducted this meta-analysis of case-control and cohort studies to provide updated evidence on the relationship between periodontal disease and female-specific breast cancer.

MATERIALS AND METHODS

Our study was conducted and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (19).

Eligible Criteria

Studies were eligible for inclusion if they met the following criteria: (1) adopting a cohort or case-control design; (2) study participants with periodontal disease, as the exposure of interest; (3) female-specific breast cancer, as the outcome of interest; (4) providing relative risks (RRs), HRs or odds ratios (ORs) and corresponding 95% CIs, or data for their calculation; (5) published in full in English-language or Chinese-language peer reviewed journals. For multiple study reports with the same study population, data from the longest follow-up duration were extracted and analyzed.

Search Strategy

PubMed and China National Knowledge Infrastructure (CNKI) databases were searched up to February 8, 2018 for case-control and cohort studies examining the association between periodontal disease and breast cancer. The following key words and subject terms were used: “periodontitis,” “periodontal disease,” “oral status,” “dental health,” “breast cancer,” “cancer,” and “carcinoma.”

Data Extraction

Two authors independently extract the following data extraction from all eligible studies: the first author's name, year of publication, country, study design, follow-up period, age, sample size, periodontal disease, and breast cancer ascertainment, type of periodontal therapy, reference of control, dental and smoking status, risk estimates with corresponding 95%CIs, and corresponding adjustments. Any disagreements over the extracted data were resolved by consensus or by consulting a third author.

Statistical Analysis

Association between periodontal disease and breast cancer risk was assessed using risk ratios (RRs) and corresponding 95%CIs across the included studies. HRs and incidence density ratios (IDRs) were directly considered to be equivalent to RRs. Where ORs were reported they were transformed into RRs using this this formula: RR = OR/[(1 – P0) + (P0 × OR)], in which P0 is the incidence of the outcome of interest in the non-exposed group (20), standard errors (SEs) of the corrected RRs were calculated from this formula: SElog (relative risk) = SElog (odds ratio) × log(relative risk)/log(odds ratio) (21). When these data could not be obtained through calculation, the ORs were directly pooled with tolerance. Since these transformations may underestimate the variance of the RRs derived from the ORs (22, 23), we performed a sensitivity analysis by excluding studies for which this transformation had been applied. For two studies (17, 24) that reported HRs for mild/moderate periodontitis and severe periodontitis, respectively, we constructed subgroups and calculated a combined HR using a fixed-effect model for the main analysis. Heterogeneity among included studies was investigated using the I2 statistics and Q test, and low statistical heterogeneity was defined as I2 ≤ 50% and p > 0.1, respectively, A fixed-effects model was utilized in analyses where statistical heterogeneity was shown to be low; otherwise a random-effect model was adopted (25). Subgroup analyses were conducted according to different characteristics of the included studies. The leave-one-out sensitivity analysis was performed to detect the robustness of the association results by removing one study at a time, Publication bias among the included studies was examined visually using funnel plots (26). Statistical analyses were undertaken using the Comprehensive Meta-Analysis v2.2 software (CMA v2.2) (27).

RESULTS

Study Selection and Characteristics

Our systematic literature search yielded a total of 178 publications. After de-duplication 126 titles and abstracts were assessed for eligibility, of these, full texts articles of 18 records were retrieved foe further assessment. Eventually, 11 studies were included in the qualitative synthesis (15, 17, 24, 28–34) (Figure 1).
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FIGURE 1. Study selection process. CNKI, China National Knowledge Infrastructure; PD, periodontal disease.



The 11 included studies were published in the period of 2003 and 2018, Of these, 7 were prospective cohort studies, 3 were retrospective cohort studies and one was case-control study, involving a total of 1,73,162 of whom 3,953 were diagnosed with breast cancer. Among these studies, one focused on co-twin (29), two on postmenopausal woman (17, 32) and on individuals who had a history of periodontal therapy and on females who are currently treated by periodontal therapy (15, 31, 34). Three included studies (15, 31, 32) also provided information on the participants′ baseline dental or smoking status. Majority of the included studies (15, 17, 24, 28–34) chose healthy subjects without periodontal disease as controls, however one study (31) enrolled national cancer registry figures as the control group. All of studies performed covariate adjustment. Characteristics of included studies are summarized in Tables 1, 2.


Table 1. Characteristics of included studies.
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Table 2. Covariate adjustments performed in the included studies.

[image: image]



Overall Analysis

The overall meta-analysis of 11 studies suggested that the risk of developing female-specific breast cancer was 1.22 times greater amongst patients with periodontal disease than those without periodontal disease (RR = 1.22, 95% CI = 1.06–1.40; Figure 2). Moderate statistical heterogeneity was noted across the 11 included studies (I2 = 51.40 %; P = 0.04). Visual inspection of a funnel plot revealed a degree of publication bias (Figure 3).
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FIGURE 2. The overall result of meta-analysis. RR, Relative risk; CI, Confidence interval.
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FIGURE 3. Funnel plot for publication bias.



Subgroup Analyses

A number of pre-specified subgroup analyses, including study design, follow-up period, pausimenia status, medical history of periodontal therapy, and dental status were performed (Table 3). The impact of study design on final results was investigated by stratifying analyses according to prospective cohort study design (n = 8) (17, 18, 24, 28–30, 32, 34), retrospect cohort study design (n = 2) (15, 31) and case-control study design (33), and the results showed statistical difference (Prospective cohort: RR = 1.17, 95% CI = 0.97–1.41; retrospective cohort: RR = 1.24, 95% CI = 1.12–1.37). In terms of follow-up duration, three studies (15, 18, 32) that followed study participants for < 10-year indicated a significant impact of periodontal disease on the risk of developing breast cancer (RR = 1.18, 95% CI = 1.10–1.26); in the 7 studies (17, 24, 29–34) with follow-up period of ≥10 years, the association of periodontal disease and breast cancer risk was not statistically significant (RR = 1.45, 95% CI = 0.95–1.76). And these results suggested that study design and follow-up period might have certain effect on study results. Amongst three studies describing the use of periodontal therapy (15, 31, 34), results of subgroup analysis indicated a non-significant association of periodontal disease and breast cancer (RR = 1.23; 95% CI = 0.95–1.60); analysis of eight studies (17, 18, 24, 28–30, 32, 33) without clear reporting of revealed a distinct relationship of periodontal disease and breast cancer risk (RR = 1.25, 95% CI = 1.01–1.55). Results of the subgroup analyses according to pausimenia status and dental status were consistent with the overall results. Due to limited data, we were unable to pursue subgroup analysis by study participants' smoking status.


Table 3. Results of the overall meta-analysis and subgroup analyses.

[image: image]



Sensitivity Analyses

We conducted sensitivity analysis by removing one study at a time from the overall met-analysis (Figure 4), Omission of a study (31), which did not precisely state whether its control individuals had periodontal disease, did not lead to any substantial changes in the overall results (RR = 1.20; 95% CI = 1.05–1.37); similar observation was noted upon exclusion of a study on co-twin (29) (RR = 1.23; 95% CI = 1.06–1.43). We also sequentially removed four studies (18, 28, 30, 33) reporting their association results, and a noticeable change in statistical heterogeneity was observed, (overall analysis: I2 = 51.40 %, P = 0.04;sensitivity analysis: I2 = < 0.01, P = 0.48) although the pooled estimates (RR = 1.16; 95% CI = 1.09–1.23) remained consistent between the overall results.
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FIGURE 4. The result of sensitivity analysis.



The leave-one-out sensitivity analysis led to a decline of the level of statistical heterogeneity declined from moderate (I2 = 51.40 %, P = 0.04)to low one (I2 = 8.56%, P = 0.36) upon removing the study by Söder et al. (30), indicating that this study contributed to a considerable to the statistical part of heterogeneity across studies.

DISCUSSION

This meta-analysis of 11 observational studies suggested that periodontal disease might be a risk factor for female-specific breast cancer. Finding from sensitivity analyses confirmed the robustness of our association results. According to the findings from subgroup analyses, a number of confounding factors might be influencing the results of the overall analysis, including study design, follow-up period, and history of periodontal therapy.

Periodontal disease is a complex infectious diseases (35), and its association with cancer risk has attracted increasing attentions over the years (36, 37). Existing research provided useful insights on the role of periodontal disease treatment in reducing the risk of different types of cancers (38). Possible mechanisms behind the association between periodontal disease and cancers have been proposed, and the most widely advocated theory is the alteration of the oral flora and subsequent influx of the inflammatory markers into the systemic circulation (35, 39). Numerous studies suggested that periodontal disease might be a potential risk factor for cancers in the oral, digestive, respiratory and reproductive systems (6–9, 40, 41). Moreover, existing data revealed a prevalence of periodontal disease among females during different time periods, including puberty, menstruation, pregnancy, and menopause (42–44); and periodontal disease in women has been found to be positively associated with autoimmune diseases, disorders infertility, adverse pregnancy, low birth weight, and preterm birth, and breast cancer (45, 46). Consequently, it has been suggested that oral health amongst females should be a cause for concern.

It is worth highlighting that a similar meta-analysis by Shi et al. (47) was published recently. Though this meta-analysis was conducted with sound methodology and reported clearly according to validated guidelines, our current meta-analysis has a number of strengths. First, the mentioned meta-analysis (47) studies whereas our findings were based on a large evidence base of 11 observational studies. This is due to a more comprehensive search period and study selection approach. Second, Shi et al. (47) only investigated the association between periodontal disease and breast cancer; however, we also specifically investigated the influence of confounding factors such as pausimenia status and history of periodontal therapy on the association between periodontal disease and breast cancer risk. Third, in regards to the calculation of risk estimates, Shi et al. (47) considered HRs/ORs as RRs, whereas we took an extra step to transform ORs into RRs, thereby providing more reliable implications for clinical practice and further researches.

Despite our efforts, however, there are some limitations of our meta-analysis. First, although we were able to identify one (30) contributing to statistical heterogeneity, we were unable to establish the precise causes of such influence. Second, definition of periodontal disease varied between the included studies. Where certain studies used tooth mobility as disease marker, some were self-reported disease status, some used patient medical records for confirmation, and some studies employed clinical or radiographic examinations as final diagnostic status. Third, consideration of confounding factors varied across studies and certain valuable factors such as history of periodontal therapy, baseline smoking status and dental health status, were not consistently reported, and thus findings of the corresponding subgroup analyses remained inconclusive. Fourth, there could be potential control selection bias since we included studies that recruited participants without periodontal disease as controls, as well as one study which adopted national cancer registry figures as the reference (31), although findings from sensitivity analysis revealed robustness of our overall results. Finally, owing to limited data, we were unable to further explore association between various severity of periodontal disease and different subtypes of breast cancer

Based on currently available evidence, we urge healthcare professionals and the general public to be further aware of the potential association between periodontal disease and breast cancer. The current meta-analysis provided useful insights on the potential effect of periodontal disease on the risk of developing breast cancer, however, further research establishing the precise mechanisms underlying such effect, such as the relationship between altered oral flora, inflammatory marker influx and hormonal levels is warranted. Furthermore, the influences of potential confounding factors, such as smoking status, dietary history, use of contraceptives, marriage, and childbirth status, stress, types of breast cancer, severity of periodontal disease should also be explored.

CONCLUSION

This meta-analysis indicated that periodontal disease might be a potential risk factor for the development of breast cancer in women, and effective periodontal therapy could pose as a viable preventive measure against breast cancer. However, the association between different severity of periodontal disease and sub-types of breast cancer remain to be ascertained. Nonetheless, we are confident that the findings of the current meta-analysis could be helpful in increasing awareness and importance of oral health maintenance, which may led to a reduced risk of developing breast cancer.

AUTHOR CONTRIBUTIONS

JS, LW, and X-TZ designed this study. CF and Y-HJ performed search and collected data. Y-JZ re-checked data. LW, CF, and Y-HJ performed analysis. JS and LW wrote the manuscript. X-TZ reviewed the manuscript.

ACKNOWLEDGMENTS

We thank Joey S. W. Kwong (JC School of Public Health and Primary Care, Faculty of Medicine, The Chinese University of Hong Kong) for her help with editing and revising our manuscript.

REFERENCES

 1. Leng WD, Zeng XT, Kwong JS, Hua XP. Periodontal disease and risk of coronary heart disease: an updated meta-analysis of prospective cohort studies. Int J Cardiol. (2015) 201:469–72. doi: 10.1016/j.ijcard.2015.07.087

 2. Chambrone L, Guglielmetti MR, Pannuti CM, Chambrone LA. Evidence grade associating periodontitis to preterm birth and/or low birth weight: I. A systematic review of prospective cohort studies. J Clin Periodontol. (2011) 38:795–808. doi: 10.1111/j.1600-051X.2011.01755.x

 3. Penoni DC, Fidalgo TK, Torres SR, Varela VM, Masterson D, Leao AT, et al. Bone density and clinical periodontal attachment in postmenopausal women: a systematic review and meta-analysis. J Dent Res. (2017) 96:261–9. doi: 10.1177/0022034516682017

 4. Artese HP, Foz AM, Rabelo Mde S, Gomes GH, Orlandi M, Suvan J, et al. Periodontal therapy and systemic inflammation in type 2 diabetes mellitus: a meta-analysis. PLoS ONE (2015) 10:e0128344. doi: 10.1371/journal.pone.0128344

 5. Mawardi HH, Elbadawi LS, Sonis ST. Current understanding of the relationship between periodontal and systemic diseases. Saudi Med J. (2015) 36:150–8. doi: 10.15537/smj.2015.2.9424

 6. Zeng XT, Deng AP, Li C, Xia LY, Niu YM, Leng WD. Periodontal disease and risk of head and neck cancer: a meta-analysis of observational studies. PLoS ONE (2013) 8:e79017. doi: 10.1371/journal.pone.0079017

 7. Yin XH, Wang YD, Luo H, Zhao K, Huang GL, Luo SY, et al. Association between tooth loss and gastric cancer: a meta-analysis of observational studies. PLoS ONE (2016) 11:e0149653. doi: 10.1371/journal.pone.0149653

 8. Zeng XT, Xia LY, Zhang YG, Li S, Leng WD, Kwong JS. Periodontal disease and incident lung cancer risk: a meta-analysis of cohort studies. J Periodontol. (2016) 87:1158–64. doi: 10.1902/jop.2016.150597

 9. Maisonneuve P, Amar S, Lowenfels AB. Periodontal disease, edentulism, and pancreatic cancer: a meta-analysis. Ann Oncol. (2017) 28:985–95. doi: 10.1093/annonc/mdx019

 10. Ganz PA, Goodwin PJ. Breast cancer survivorship: where are we today? Adv Exp Med Biol. (2015) 862:1–8. doi: 10.1007/978-3-319-16366-6_1

 11. Bhatelia K, Singh K, Singh R. TLRs: linking inflammation and breast cancer. Cell Signal. (2014) 26:2350–7. doi: 10.1016/j.cellsig.2014.07.035

 12. Dartois L, Fagherazzi G, Boutron-Ruault MC, Mesrine S, Clavel-Chapelon F. Association between five lifestyle habits and cancer risk: results from the E3N cohort. Cancer Prev Res. (2014) 7:516–25. doi: 10.1158/1940-6207.CAPR-13-0325

 13. Mcnamara KM, Moore NL, Hickey TE, Sasano H, Tilley WD. Complexities of androgen receptor signalling in breast cancer. Endocr Relat Cancer (2014) 21:T161–181. doi: 10.1530/ERC-14-0243

 14. Pinto R, De Summa S, Pilato B, Tommasi S. DNA methylation and miRNAs regulation in hereditary breast cancer: epigenetic changes, players in transcriptional and post- transcriptional regulation in hereditary breast cancer. Curr Mol Med. (2014) 14:45–57. doi: 10.2174/1566524013666131203101405

 15. Chung SD, Tsai MC, Huang CC, Kao LT, Chen CH. A population-based study on the associations between chronic periodontitis and the risk of cancer. Int J Clin Oncol. (2016) 21:219–23. doi: 10.1007/s10147-015-0884-6

 16. Freudenheim JL, Genco RJ, Lamonte MJ, Millen AE, Hovey KM, Mai X, et al. Periodontal disease and breast cancer: prospective cohort study of postmenopausal women. Cancer Epidemiol Biomarkers Prev. (2016) 25:43–50. doi: 10.1158/1055-9965.EPI-16-0076

 17. Mai X, Lamonte MJ, Hovey KM, Freudenheim JL, Andrews CA, Genco RJ, et al. Periodontal disease severity and cancer risk in postmenopausal women: the Buffalo OsteoPerio Study. Cancer Causes Control (2016) 27:217–28. doi: 10.1007/s10552-015-0699-9

 18. Han MA. Oral health status and behavior among cancer survivors in korea using nationwide survey. Int J Environ Res Public Health (2018) 15:14. doi: 10.3390/ijerph15010014

 19. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. (2009) 6:e1000097. doi: 10.1371/journal.pmed.1000097

 20. Zhang J, Yu KF. What's the relative risk? a method of correcting the odds ratio in cohort studies of common outcomes. J Am Med Assoc. (1998) 280:1690–1. 

 21. Ronksley PE, Brien SE, Turner BJ, Mukamal KJ, Ghali WA. Association of alcohol consumption with selected cardiovascular disease outcomes: a systematic review and meta-analysis. BMJ (2011) 342:d671. doi: 10.1136/bmj.d671

 22. Mcnutt LA, Wu C, Xue X, Hafner JP. Estimating the relative risk in cohort studies and clinical trials of common outcomes. Am J Epidemiol. (2003) 157:940–3. doi: 10.1093/aje/kwg074

 23. Greenland S. Model-based estimation of relative risks and other epidemiologic measures in studies of common outcomes and in case-control studies. Am J Epidemiol. (2004) 160:301–5. doi: 10.1093/aje/kwh221

 24. Michaud DS, Lu J, Peacock-Villada AY, Barber JR, Joshu CE, Prizment AE, et al. Periodontal disease assessed using clinical dental measurements and cancer risk in the aric study. J Natl Cancer Inst. (2018) 110:843–54. doi: 10.1093/jnci/djx278

 25. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

 26. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

 27. Borenstein M, Hedges L, Higgins JP T, Rothstein HR. Comprehensive Meta-Analysis (Version 2.2.027). [Computer software] Englewood, NJ: Biostat (2005).

 28. Hujoel PP, Drangsholt M, Spiekerman C, Weiss NS. An exploration of the periodontitis-cancer association. Ann Epidemiol. (2003) 13:312–6. doi: 10.1016/S1047-2797(02)00425-8

 29. Arora M, Weuve J, Fall K, Pedersen NL, Mucci LA. An exploration of shared genetic risk factors between periodontal disease and cancers: a prospective co-twin study. Am J Epidemiol. (2010) 171:253–9. doi: 10.1093/aje/kwp340

 30. Soder B, Yakob M, Meurman JH, Andersson LC, Klinge B, Soder PO. Periodontal disease may associate with breast cancer. Breast Cancer Res Treat (2011) 127:497–502. doi: 10.1007/s10549-010-1221-4

 31. Dizdar O, Hayran M, Guven DC, Yilmaz TB, Taheri S, Akman AC, et al. Increased cancer risk in patients with periodontitis. Curr Med Res Opin. (2017) 33:2195–200. doi: 10.1080/03007995.2017.1354829

 32. Nwizu NN, Marshall JR, Moysich K, Genco RJ, Hovey KM, Mai X, et al. Periodontal disease and incident cancer risk among postmenopausal women: results from the women's health initiative observational cohort. Cancer Epidemiol Biomarkers Prev. (2017) 26:1255–65. doi: 10.1158/1055-9965.EPI-17-0212

 33. Sfreddo CS, Maier J, De David SC, Susin C, Moreira CHC. Periodontitis and breast cancer: a case-control study. Community Dent Oral Epidemiol. (2017) 45:545–51. doi: 10.1111/cdoe.12318

 34. Heikkila P, But A, Sorsa T, Haukka J. Periodontitis and cancer mortality: register-based cohort study of 68,273 adults in 10-year follow-up. Int J Cancer (2018) 142:2244–53 doi: 10.1002/ijc.31254

 35. Sledziewski TK, Glinska K. Proinflammatory cytokines in periodontal diseases and certain systemic disorders. Przegl Lek. (2015) 72:354–7. 

 36. Michaud DS, Liu Y, Meyer M, Giovannucci E, Joshipura K. Periodontal disease, tooth loss, and cancer risk in male health professionals: a prospective cohort study. Lancet Oncol. (2008) 9:550–8. doi: 10.1016/S1470-2045(08)70106-2

 37. Fitzpatrick SG, Katz J. The association between periodontal disease and cancer: a review of the literature. J Dent. (2010) 38:83–95. doi: 10.1016/j.jdent.2009.10.007

 38. Hwang IM, Sun LM, Lin CL, Lee CF, Kao CH. Periodontal disease with treatment reduces subsequent cancer risks. QJM (2014) 107:805–12. doi: 10.1093/qjmed/hcu078

 39. Mohangi GU, Singh-Rambirich S, Volchansky A. Periodontal disease: mechanisms of infection and inflammation and possible impact on miscellaneous systemic diseases and conditions. SADJ (2013) 68:464–467. 

 40. Michaud DS, Kelsey KT, Papathanasiou E, Genco CA, Giovannucci E. Periodontal disease and risk of all cancers among male never smokers: an updated analysis of the health professionals follow-up study. Ann Oncol. (2016) 27:941–7. doi: 10.1093/annonc/mdw028

 41. Ye L, Jiang Y, Liu W, Tao H. Correlation between periodontal disease and oral cancer risk: a meta-analysis. J Cancer Res Ther. (2016) 12:C237–C240. doi: 10.4103/0973-1482.200746

 42. Meurman JH, Tarkkila L, Tiitinen A. The menopause and oral health. Maturitas (2009) 63:56–62. doi: 10.1016/j.maturitas.2009.02.009

 43. Masamatti SS, Kumar A, Virdi MS. Periodontal diseases in children and adolescents: a clinician's perspective part. Dent Update (2012)39:551–42. doi: 10.12968/denu.2012.39.9.639

 44. Armitage GC. Bi-directional relationship between pregnancy and periodontal disease. Periodontol (2013) 2000:160–76. doi: 10.1111/j.1600-0757.2011.00396.x.

 45. Lamonte MJ, Hovey KM, Millen AE, Genco RJ, Wactawski-Wende J. Accuracy of self-reported periodontal disease in the women's health initiative observational study. J Periodontol. (2014) 85:1006–18. doi: 10.1902/jop.2013.130488

 46. Martelli ML, Brandi ML, Martelli M, Nobili P, Medico E, Martelli F. Periodontal disease and women's health. Curr Med Res Opin. (2017) 33:1005–15. doi: 10.1080/03007995.2017.1297928

 47. Shi T, Min M, Sun C, Zhang Y, Liang M, Sun Y. Periodontal disease and susceptibility to breast cancer: a meta-analysis of observational studies. J Clin Periodontol. (2018) 45:1025–33. doi: 10.1111/jcpe.12982

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 © 2018 Shao, Wu, Leng, Fang, Zhu, Jin and Zeng. 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/fonc-08-00601-t001.jpg
Study ID

Hujoel et al.
@8

Arora et al.
29)

Séder et al.
©0)

Chung etal.
(15

Mai et al. (17)

Dizdar et al.
@1

Han (18)

Nwizu et al.
©2)

Sfreddo et al.
(33)

Helkkila et al.
(34)

Michaud et al.
(24

Sample

The NHANES |
Epidemiologic
Follow-up Study
(NHEFS); USA

The Swedish Twin
Registry; Sweden

Aregistry database of
allinhabitants of
Stockholm County;
Sweden

The Taiwan National
Health Insurance (NH)
program; China

The Buffalo OsteoPerio
Study; USA

The Hacettepe
University Dentistry and
Oncology hospitals in
Ankara; Turkey

The sixth Korean
National Health and
Nutrition Examination
Survey (KNHANES);
Korea

Wornen's Health
Initiative Observational
Study (WHI-OS); USA

The University Hospital
of Santa Maria (UHSM);
Brazil

The patient register of
the Public Dental
Senice of the City of
Helsinki; Finland

The Atherosclerosis
Risk in Communities
(ARIC) study; USA

Study design
(study period)

Prospective cohort
(1971/1975-1992)

Prospective cohort
(1963-2004)

Prospective cohort
(1985-2001)

Retrospect cohort
(1995-2004)

Prospective cohort
(1997-2014)

Retrospect cohort
(2001-2010)

Prospective cohort
(2013-2015)

Prospective cohort
(1994/1998-2018)

Case-control
(2013-2015)

Prospective cohort
(2001/2002-2013)

Prospective cohort
(1987-2012)

Follow-up
period
(yrs)

10

@ar

122442

8.32

10.1

14.7

Age (yrs)

25-74

38-77

30-40

Cases/
sample

79/6862

531/8433

39/1586

54.1+£11.5 367/42548

53-85"

496

>19

50-79"

55.0 &
8.9/54.6
+87

>29

44-66

89/1337

5/151

84/1979

2416/65869

67/201

74/40108

202/4088

PD
ascertainment

Clinical
diagnosis

Self-report

Clinical
diagnosis

Ciinical
diagnosis

Measured
ACH

Clinical and
radiographic
parameters

Community
periodontal
index

Self-report
and
medical
records

Glinical
diagnosis

periodontal
pocket
depth

Glinical
diagnosis

Breast cancer
ascertainment

ICD-9

ICD

ICD-7,
ICD-9,
ICD-10

ICD-9-CM

Medical
records

Patient files
and
hospital
registries

Health
interview

ICD-0-2

ICD-10
C50

ICD-10

Patient files
and
hospital
registries

*Postmenopausal women; #Over all data was calculated by pooling mild/moderate P and severe P using a fixed-effects model for the final analysis.

ACH, Oral alveolar crestal height; ICD, International classification of diseases; CP, chronic periodontitis

PD, periodontal disease; P, Periodontit

Periodontal

therapy

Unreported

Unreported

Unreported

Included

Unreported

Included

Unreported

Unreported

Unreported

Included

Unreported

Control

No PD

No PD

No PD

No control,
use national
cancer

registry
figures

No PD

No PD

No PD

No PD

No PD

Dental
/smoking
status

PD

Ginghvitis
Edentulism
PD

Minor mobilty

PD

cP

Periodontal
therapy
Mild/moderate P
Severe P

Over all*

CP (moderate or
severe)

PD

PD

Never smokers
Former smokers
Current smokers
PD

Never smokers
Non-drinkers

PD

Mild

Moderate
Severe
Over all#

Edentulism

Risk estimates
(95% CI)

OR=1.32
(0.74-2.38)

OR=0.62
(032-1.21)

(0.32-1.10)
HR
1.12(0.75-1.68)
HR =
1.22(0.92-1.61)
OR= 13,08
(3.09-55.32)

HR =
1.23(1.11-1.36)

HR
1.17(0.86-1.58)
HR=1.15
(0.67-1.99)
HR=094
(0.49-1.82)
HR=1.06
0.70-1.61)¢
RR=2.40
(0.88-6.55)

OR=
1.56(0.79-3.06)

HR=1.13
(1.03-1.23)

1.05 (0.92-1.21)
1.22 (1.08-1.87)
1.32 (0.89-1.97)
OR=
2.72(1.18-6.27)
Corrected RR =
2.07(1.13-3.80)
OR=
5.08(1.66-15.61)
OR=
2.39(1.08-5.52)
AR =1.19
066-2.12)

HR=
1.32(0.81-2.14)

HR =
0.89(0.61-1.29)
HR=
0.84(0.49-1.43)
HR=
0.98(0.76-1.27)
HR =
0.88(0.56-1.36)

Cl, Confidence interval; HR, Hazard ratio; OR, Odds ratio; RR, Relative risk.





OPS/images/fonc-08-00601-t002.jpg
Study ID

Hujoe et al. (26)
Aroraet al. (29)

Sbder et al. (30)

Chung et al. (15)
Mai et al. (17)

Dizdar et . (31)
Han (18)

Nwizu et al. (32)
Sfreddo et al.
©3)

Heikkia et al.
©4)

Michaud et al.
@4

Adjusted covariates

Age

Age, education, employment, number of siblings, smoking
status, smoking status of partner, alcohol status, and body
mass index

Age, education level, socio economic status, working history,
yearly income, smoking in pack-years, dental appointments,
dental piaque index, gingival bleeding index, and loss of any
molar tooth in the mandible

Patient's monthly income, geographic region, and diabetes
Age at visit (continuous) and pack-years of smoking
(continuous)

Age

Household income, education, smoking status, drinking
frequency, and chronic disease

Age, BMI
Age, parity, total breastfeeding time, homonal replacement
therapy, BMI

Calendar time, age, socio-economic status, number of teeth,
dental treatments (ingiviis, caries, endodontic caries,
surgery and prosthesis), oral health indiices (1, D, DMF), need
of periodontal treatment and diabetes

Age, field center, education level, smoking status, smoking
duration, drinking status, body mass index, and diabetes
status (diagnosed diabetes, undiagnosed diabetes, at risk for
diabetes [reference is normal), hormone replacement therapy
use, joint terms for field center and race

BMI, Bodly mass index; I, Inital caries; D, Decayed teeth; DMF; Decayed-missing-filed
teeth; NSAID, Non-steroidal anti-inflammatory drug.
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P (%) RR 95% Cl P-value
Overall analysis 1" 004 51.40 Random 1.22 1.06-1.40 <001
8 006 4822 Random 147 0.97-1.41 0.09
Retrospective cohort 2 0.19 4074 Fixed 1.24 1.42-137 <001
Case-control 1 - - - 207 113291 0.02

Pausimenia 2 077 <001 Fixed 113 1.03-1.23 <001

Unspecified 9 002 57.01 Random 135 1.08-1.68 0.01
NTAL THERAP

Included 3 0.40 <001 Fixed 1.28 0.95-1.60 026

Unreported 8 002 50.47 Random 1.25 1.01-155 <001

SUBGROUP:DENTALSTATUS

cP 2 0.19 40.74 Fixed 1.24 1.42-137 <001

0.03 52.74 Random 1.02-1.50 0.03

Excluded studies results reported as ORs. 7 0.48 <0.01 Fixed 1.16 1.00-1.23 <0.01

Excluded studies based on co-twin 10 0.01 56.14 Random 1.23 1.06-1.43 0.09
Excluded studies with controls with PD 10 0.03 51.68 Random 1.20 1.06-1.37 0.01

CP, Chronic periodontitis; PD, Periodontal disease; OR, Odds ratio; RR, Relative risk; Cl, Confidence interval.
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