
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


치의학석사 학위논문

Systemic Review on the association be-

tween Periodontitis and Head and 

Neck cancer; Meta-Analysis

치주염과 구강암의 연관성: 메타분석

2018년 2월

서울대학교 치의학대학원

치의학과

공 미 선



Systemic Review on the association be-

tween Periodontitis and Head and 

Neck cancer; Meta-Analysis

지도교수 김 현 덕

이 논문을 치의학석사 학위논문으로 제출함

2017년 10월

서울대학교 치의학대학원

치의학과

공 미 선

공미선의 치의학석사 학위논문을 인준함

2017년 11월

위 원 장     이 종 호      (인)

부위원장     김 현 덕     (인)

위    원    류 인 철    (인)



Abstract

Systemic Review on the association be-

tween Periodontitis and Head and 

Neck cancer; Meta-Analysis

Misun Kong

Dentistry major

School of Dentistry

Seoul National University

Background

The purpose of study is to estimate the association between periodontitis and risk 

of head and neck cancer by meta-Analysis. 

Method 

Literature was selected according to RPISMA guideline in PubMed, and Cochrane 

Library database. The association between periodontitis and the risk of having head 

and neck cancer was evaluated by meta-analysis using RevMan program. Random 

effect model was used and fixed effect model was analyzed as reference. Also, 



Subgroup analyses were done including covariates adjustment, study design, tumor 

site, ethnicity and type of assessment of periodontal disease. Publication bias were 

evaluated by Funnel plot using RevMan program. Egger’s regression test was also

performed by using comprehensive meta-analysis program to evaluate publication 

bias.

Result 

Out of 13 studies selected, 14 results included in this meta-analysis. The associa-

tion between periodontitis and head and neck cancer was odds ratio (OR) was 2.35

with 95% confidence interval (95% CI) was between 1.69 and 3.26 for random ef-

fect model (p value < 0.00001) and OR was 1.27 with 95% CI was between 1.20

and 1.35 for fixed effect model (p value <0.00001). In Subgroup analysis, adjusted 

covariates was OR of 2.13 with 95% CI of 1.55 to 2.92. (p value < 0.0001) in ran-

dom effect model. As for the result of study design, OR of case control studies was 

2.51 with 95% CI of 1.77 to 3.57 in random effect model. Result of assessment 

method of periodontal disease, alveolar bone loss (ABL) was shown to be OR of 

2.61 (95% CI [1.43, 4.79], random effect model) and clinical attachment loss (CAL) 

was OR of 3.66 (95% CI [0.67, 20.15], random effect model) and combining ABL 

and CAL shown to be OR of 2.68 (95% CI [1.62, 4.44], random effect model). In 

tumor site, the result of oral cavity was OR of 1.70 in random effect model (95% 

CI [1.24, 2.32]), head and neck was OR of 2.57 in random effect model (95% CI 



[1.60, 4.15]) and in ethnicity, the result of Europe was OR of 2.53 in fixed model 

(95% CI [1.82, 3.51]). As for the Egger’s regression test, intercept value was 

3.44059 with p value of 0.00087 which shown that there is no publication bias. 

Conclusion 

The result of meta-analysis indicated that periodontitis could be associated with the 

risk of head and neck cancer. This kind of association could be different from co-

variates adjustment, study design, tumor site, ethnicity, and type of assessment of 

periodontal disease. To clarify this kind of link between periodontitis and risk of 

head and neck cancer, further studies is needed such as well-designed cross sec-

tional studies or case control study with well-controlled sample size and type of 

assessment of periodontal disease, covariates adjustment, ethnicity, tumor site, etc.

Keywords : Head and neck cancer, Periodontitis, Meta-analysis

Student Number : 2014-23058
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I. Introduction

Head and neck cancer including oral cavity, oropharynx, pharynx, and larynx 

occur frequently with each year over 500,000 new head and neck cancer cases di-

agnosed (Mehanna et al., 2010). Head and neck cancer has high mortality with 5 -

year survival rates little above 50% (Warnakulasuriya, 2009). The cause of head 

and neck cancer is unknown but well- known risk factor is excessive smoking (Blot 

et al., 1988, Goldstein et al., 2010) and other risk factors associated with head and 

neck cancer are genetic (Rusin et al., 2008), malnutrition (Chasen and Bhargava, 

2009, Ritchie et al., 2002), radiation (Hashibe et al., 2005), systemic disease such 

as diabetes (Goutzanis et al., 2007) cardiovascular diseases, and virus infection 

such as human papilloma virus (Conway et al., 2009). Early diagnosis of head and 

neck cancer might improve the prognosis of head and neck cancer but there is no 

discrete diagnosis tool for head and neck cancer (Martin et al., 2016).

Periodontitis is a chronic inflammation that caused by the breakdown between 

systematic immune system and local inflammation through head and neck cavity. 

This leads to the gradual destruction of the tissues and structure (such as gingiva, 

periodontal ligament, and alveolar bone) that supports teeth (Loesche and Gross-
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man, 2001, Irfan et al., 2001). If periodontitis left untreated, progress of periodonti-

tis is proceeded and changes the anatomical structure of tooth and supporting tissue 

of the tooth pathologically and ultimately it leads to tooth loss. As result of perio-

dontitis, excreting of inflammatory cytokine, enzymes and toxic happens. Preva-

lence of periodontitis differs from race, age, geographical variance (Papapanou, 

1996). Major risk factors are systemic diseases, such as diabetes(Guzman et al., 

2003), excessive smoking habit(Muller et al., 2001, Bunyaratavej, 2006), excessive 

drinking (Pitiphat et al., 2003), poor oral hygiene (Bunyaratavej, 2006, Greene, 

1963), low socioeconomic status (Gundala and Chava, 2010), genetic

(Michalowicz et al., 2000), medication (Ciancio, 2005), and virus such as Human 

papilloma virus (HPV) (Horewicz et al., 2010, Tezal et al., 2009) are well- known 

risk factors. 

The association between cancer and inflammation was first suggested by Ru-

dolf Virshow in 1863. Virchow suggested that chronic inflammation at the site of 

cancer origin was due to infiltration of lymphoreticular which made inflammation 

is critical in prevention, treatment and progression of cancer (Balkwill and Manto-

vani, 2001). Periodontitis is predominant infection in oral cavity and it is plausible 

that this inflammation might increase the exposure of having oral cancer according 
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to hypothesis of Virshow (Michaud et al., 2008). In 2007, Tezal et al., proposed that 

progression of cancer is related to the loss of the alveolar bone which is the critical 

sign in periodontitis and many studies showed similar results of association be-

tween periodontitis and oral cancer (Tezal et al., 2007). Several researches were 

done to see the association between two diseases but the results are contradictory. 

In this study, we reviewed literatures to see the correlation between the two dis-

eases. We also performed meta-analysis of studies that were aimed to seek the cor-

relation between head and neck cancer and periodontitis.
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II. Materials and Methods

1. Literature Search and Eligibility criteria

We searched 2 major databases (PubMed, Cochrane Database) for studies that 

have conducted to seek the association between periodontitis and head and neck 

cancer from 1990 to 2017 including keywords of 1) oral cancer or head and neck 

cancer or carcinoma or 2) periodontal disease or periodontitis.

Based on the search using keywords, we have sorted literature by inclusion and 

exclusion criteria. Eligible study designed were included such as cohort studies, 

case control studies, and cross-sectional studies performed to seek the association 

between head and neck cancer and periodontitis. 

Studies should be available in full-texts in English, available odds ratio, rela-

tive risks, associated 95% confidence interval (Cis) or hazard ratio, and having dis-

tinctive criteria of periodontitis or head and neck cancer.



-5-

2. Data extraction

We have collected data form each included journal. Characteristics of study 

such as reference (Surname of first author, year of publication), design of study 

(cohort study, case control study, cross sectional study), name of country where the 

study was conducted, sample size, age, periodontal assessment, tumor site, ratio of

the event occurred (odds ratio, hazard ratio, relative risk) and associated 95% con-

fidence intervals, and adjustments in each study were collected were summarized 

from each studies.

3. Data Analysis

To see the association between studies, odds ratios were used as a crude meas-

urement. Each value of odds ratio was used to see the relationship between head 

and neck cancer and periodontitis. Each odds ratio was used to determine the 

standard error for each study. Hazard ratio was transformed into odds ratio (Green-

land, 2004, Zhang and Yu, 1998). The limitation of this transformation is that odds

ratio that was converted from the hazard ratio might lead to overestimation of vari-

ance. 
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The random effect and fixed effect meta-analysis was used to see the heteroge-

neity of studies. These analyses were carried out by the Revman manager software 

(Revman, version 5.3 Copenhagen: The Nordic Cochrane Centre, The Cochrane 

Collaboration, 2014). There was one study with hazard ratio so we transformed 

hazard ratio to odds ratio by using formula presented on Zang et al. (Zhang and Yu, 

1998). During the transformation process, transformed odds ratio might be overes-

timated.  First, we transformed odds ratio of each study into natural logarithms 

and calculate standard error by converting odds ratio using formula (Zhang and Yu, 

1998). Using installed formula presented by Revman manager using inverse vari-

ance method, heterogeneity was assessed (Higgins and Thompson, 2002). Hetero-

geneity is the value that refers to the variation between studies that was included in 

meta-analysis. I2 refers to the variation among studies due to the heterogeneity. The 

I2 value of 25%, 50%, 100% indicates low, moderate and high (Higgins et al., 

2003). For fixed model, we used I2 value less than 25% and for random model, we 

used value that was more than 25%. We have used both random effect and fixed 

effect model and also generated forest plot. 

We also performed subgroup analyses based on each categorization that we se-



-7-

lected such as geographical region, design of study, assessment type of periodonti-

tis, site of tumor. Lastly, through funnel plot publication bias was inspected. Meta 

regression test was performed by using Comprehensive Meta - Analysis program.

Egger’s regression test was performed by using Comprehensive Meta - Analysis 

program. Egger’s regression is the method to determine asymmetry of funnel plot. 

In Egger’s regression test, p value above 0.05 considered there is an evidence of 

publication bias. (Egger et al., 1997). 
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III. Results

1. Study selection and characteristics

From initial search of 403 journals, 13 studies were fitted into eligible criteria 

which were further analyzed by meta-analysis. Figure 1 showed eligibility test us-

ing flow chart by PRISMA guideline. 

Table 1 showed characteristics and adjusted covariates of each 14 studies; 

country, design of study, sample size, type of periodontitis assessment, type of head 

and neck cancer Among the included studies, Guha, 2008 study was the only study 

that was performed on multicentric study which counted as separate studies and 

Michaud, 2008 study was the only study that was done by cohort study.

2. Overall estimates

We evaluated the heterogeneity statistically of 14 studies. The overall estimates

of risk of odds ratio for each study were pooled using both random and fixed effect. 
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Heterogeneity was measured automatically using Revman software. The correla-

tion between the risk of periodontitis and head and neck cancer was OR = 2.35

(Heterogeneity of I² = 92%, 95% CI = [1.69, 3.26], p < 0.00001) (Fig.2) in random 

effect model. This The result indicated that risk of having head and neck cancer 

will increase the risk of having head and neck cancer by 1.27 fold in fixed - effect 

model (Heterogeneity of I² = 92%, 95% CI = [1.20, 1.35], p < 0.00001), 2.35 fold 

on random-effect model.

3. Subgroup analysis

Table 2 shows the result of subgroup analysis based on the covariates adjust-

ments, assessment of periodontitis, site of tumor and ethnicity. For covariates ad-

justment, total 13 studies were included with the odds ratio of 2.13 (Heterogeneity 

of I² = 91%, 95%CI = [1.55, 2.92], p < 0.00001) on random effect model. As for 

the assessment of periodontal disease, ABL, CAL, tooth mobility, CPITN, oral 

condition, loss of tooth, ABL+ CAL and self-reported periodontitis was analyzed 

with the odds ratio of 2.61 (I² = 85%, 95%CI = [1.43, 4.79], p = 0.002), 3.66 (I² = 

74%, 95%CI = [0.67, 20.15], p = 0.14), 1.33 (95%CI = [1.07, 1.65], p = 0.01), 

12.67 (95%CI = [4.90, 32.76], p < 0.00001), 2.07 (I² = 52%, 95%CI = [1.66, 2.59], 
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p < 0.00001), 2.02 (95%CI = [1.29, 3.17],  p = 0.002), 2.68 (I² = 81%, 95%CI = 

[1.62, 4.44], p = 0.0001), 1.09 (95%CI = [1.02, 1.16], p = 0.01) respectively. The 

result of tumor site, oral cavity showed odds ratio of 1.70 (I² = 80%, 95%CI =

[1.24, 2.32], p = 0.0009), head and neck region showed odds ratio of 2.57 (I² = 

83%, 95%CI = [1.60, 4.15], p = 0.0001), tongue showed odds ratio of 5.23 (95%CI 

= [2.64, 10.36], p < 0.00001) and oropharyngeal showed odds ratio of 3.68 (I² = 

95%, 95%CI = [0.35, 38.55], p = 0.28). As for the ethnicity it was divided into 4 

subgroups; USA, Europe, Latin America, and Asia and each odds ratio was 1.98 (I² 

= 95%, 95%CI = [1.17, 3.34], p = 0.01), 2.53 (95%CI = [1.82, 3.51], p < 0.0001), 

5.79 (I² = 89%, 95%CI = [1.27, 26.37], p = 0.02), 1.93 (95%CI = [1.38, 2.71], p = 

0.0001), respectively.

4. Publication bias

Figure 3 show the funnel plot. Each dot is represented as a single study that 

was included in the study. The result of funnel plot was obvious asymmetrical 

which refers that there was publication bias. Egger’s regression of meta-analysis 

showed p value and intercept value of 0.00087 and 3.44059 respectively. 
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IV. Discussion

1. Main findings

Head and neck cancer, despite modern treatment and technology including sur-

gery, chemotherapy, radiation (Buglione et al., 2016), drug therapy (Sultana et al., 

2014), etc has high mortality and survival rate. However, early detection of the dis-

ease increases the survival rate dramatically. Early diagnosis of the head and neck 

cancer, unfortunately has been small improvement compared with other cancer dis-

eases. It is important to acknowledge the risk factors for prevention of head and 

neck cancer.

Periodontitis is a chronic inflammation disease which is caused by gram-

negative anaerobic bacteria that leads to destruction of supporting tissue and struc-

ture of tooth. During periodontitis, cytokines, inflammation pathogens, toxins are 
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released and affect the patient’s health systematically (Pendyala et al., 2013). 

In the study, we aimed to see periodontitis is the important risk factor for head 

and neck cancer by meta-analysis. Total 14 included studies were included in the 

database. Patients with periodontitis tend to have 2.35-fold higher risk for having 

head and neck cancer. Subgroup analyses were also done to see the relationship 

between two diseases.

2. Source of heterogeneity

Heterogeneity was observed in meta-analysis extensively due to the differences 

in method that was used in each study such as population, country, design of study, 

assessment of periodontal disease, site of oral cancer, adjustment for covariates. In 

subgroup analysis, ethnicity and design of study showed increase in heterogeneity 

whereas assessment of periodontal disease, site of oral cancer, adjustment of con-

founding factors showed decrease in heterogeneity. Decrease in heterogeneity indi-

cate that these characteristics were the factors for heterogeneity. Egger’s regression 

test was p value of 0.00087 and intercept value of 3.44059. Egger’s regression test 

showed to be there is an evidence of no publication bias in the meta-analysis by 
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interpreting p value less than 0.05. 

3. Implication

Head and neck cancer patients often have poor oral health status (Greene, 

1963). After Virchow’s hypothesis that the association between chronic inflamma-

tion and cancer (Balkwill and Mantovani, 2001), substantial studies were done to 

support the hypothesis. However, still whether periodontitis alone is the risk factor 

of head and neck cancer is still unknown due to the associated risk factors between 

two diseases are variant. The meta-analysis that we have conducted showed that 

with the adjustment of covariates, OR ratio has shown to be 2.13. This result indi-

cates that statistically there is a significant association between two diseases. 

In process of carcinogenesis, it has been suggested that oral bacteria are in-

volved in the process (Meurman and Uittamo, 2008). Periodontitis is due to the 

accumulation of bacterial infection (Loesche and Grossman, 2001) but still the 

mechanism of how the periodontal disease affect the head and neck cancer is un-

known. Periodontitis can be treated with care. Head and neck cancer on the other 

hand has a high mortality rate. If we know the mechanism or pathogenesis between 
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head and neck cancer and periodontitis, head and neck cancer might be prevented 

with a decreasing mortality rate.

4. Limitation of study

Several limitations exist in our study. First, our study was based on observa-

tional studies with different confounding factors for adjustment. Second, the result 

of funnel plot indicated that there was a publication bias, but the plot was not 

symmetrical enough and number of studies that was included in our study is not 

large enough. Third is the heterogeneity which showed significant statistical heter-

ogeneity in the main finding and in subgroup analysis, also. Fourth, sample size 

varies extremely which made studies with relatively large sample size reflect more 

significantly in analysis and had more statistical power. Lastly, periodontal disease 

assessment methods were varied between studies.

5. Future Study

For future study, there are just one study conducted a cohort study, so it might 

be better to conduct more cohort studies as study design in relation to periodontitis 

and head and neck cancer. Advantages of cohort study are large number of sample 
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size for long period of time and various variables can be measured (Mann, 2003). 

Especially for experimental group from hospital case and control group from 

community case would be possible study design. Main advantages of having com-

munity case for control group would show higher statistical significance and higher 

representative. Also, since the pathological pathway in relation to head and neck

cancer and periodontitis, it would be better to see the association from molecular 

level to clinical level. 
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V. Conclusion

The meta-analysis of the association between head and neck cancer and perio-

dontitis showed that there is positive relation between two disease which might be 

strongly due to the risk factors of head and neck cancer such as excessive smoking 

habit, drinking alcohol and etc.



-17-

References

BALKWILL, F. & MANTOVANI, A. 2001. Inflammation and cancer: back to 

Virchow? Lancet, 357, 539-45.

BLOT, W. J., MCLAUGHLIN, J. K., WINN, D. M., AUSTIN, D. F., GREENBERG, R. S., 

PRESTON-MARTIN, S., BERNSTEIN, L., SCHOENBERG, J. B., STEMHAGEN, 

A. & FRAUMENI, J. F., JR. 1988. Smoking and drinking in relation to oral 

and pharyngeal cancer. Cancer Res, 48, 3282-7.

BUGLIONE, M., CAVAGNINI, R., DI ROSARIO, F., MADDALO, M., VASSALLI, L., 

GRISANTI, S., SALGARELLO, S., ORLANDI, E., BOSSI, P., MAJORANA, A., 

GASTALDI, G., BERRUTI, A., TRIPPA, F., NICOLAI, P., BARASCH, A., RUSSI, E. 

G., RABER-DURLACHER, J., MURPHY, B. & MAGRINI, S. M. 2016. Oral 

toxicity management in head and neck cancer patients treated with 

chemotherapy and radiation: Xerostomia and trismus (Part 2). Literature 

review and consensus statement. Crit Rev Oncol Hematol, 102, 47-54.

BUNYARATAVEJ, P. 2006. Oral hygiene status and smoking are strong risk 

indicators of periodontal disease in Thai adults. J Evid Based Dent Pract,

6, 199-200.

CHASEN, M. R. & BHARGAVA, R. 2009. A descriptive review of the factors 

contributing to nutritional compromise in patients with head and neck 

cancer. Support Care Cancer, 17, 1345-51.

CIANCIO, S. G. 2005. Medications: a risk factor for periodontal disease diagnosis 

and treatment. J Periodontol, 76, 2061-5.

CONWAY, D. I., HASHIBE, M., BOFFETTA, P., CONSORTIUM, I., WUNSCH-FILHO, V., 

MUSCAT, J., LA VECCHIA, C. & WINN, D. M. 2009. Enhancing 

epidemiologic research on head and neck cancer: INHANCE - The 



-18-

international head and neck cancer epidemiology consortium. Oral 

Oncol, 45, 743-6.

EGGER, M., SMITH, G. D., SCHNEIDER, M. & MINDER, C. 1997. Bias in meta-

analysis detected by a simple, graphical test. British Medical Journal, 315,

629-634.

GOLDSTEIN, B. Y., CHANG, S. C., HASHIBE, M., LA VECCHIA, C. & ZHANG, Z. F. 

2010. Alcohol consumption and cancers of the oral cavity and pharynx 

from 1988 to 2009: an update. Eur J Cancer Prev, 19, 431-65.

GOUTZANIS, L., VAIRAKTARIS, E., YAPIJAKIS, C., KAVANTZAS, N., NKENKE, E., 

DERKA, S., VASSILIOU, S., ACIL, Y., KESSLER, P., STAVRIANEAS, N., PERREA, 

D., DONTA, I., SKANDALAKIS, P. & PATSOURIS, E. 2007. Diabetes may 

increase risk for oral cancer through the insulin receptor substrate-1 and 

focal adhesion kinase pathway. Oral Oncology, 43, 165-173.

GREENE, J. C. 1963. Oral hygiene and periodontal disease. Am J Public Health 

Nations Health, 53, 913-22.

GREENLAND, S. 2004. Model-based estimation of relative risks and other 

epidemiologic measures in studies of common outcomes and in case-

control studies. Am J Epidemiol, 160, 301-5.

GUNDALA, R. & CHAVA, V. K. 2010. Effect of lifestyle, education and 

socioeconomic status on periodontal health. Contemp Clin Dent, 1, 23-6.

GUZMAN, S., KARIMA, M., WANG, H. Y. & VAN DYKE, T. E. 2003. Association 

between interleukin-1 genotype and periodontal disease in a diabetic 

population. J Periodontol, 74, 1183-90.

HASHIBE, M., RITZ, B., LE, A. D., LI, G., SANKARANARAYANAN, R. & ZHANG, Z. F. 

2005. Radiotherapy for oral cancer as a risk factor for second primary 

cancers. Cancer Letters, 220, 185-195.

HIGGINS, J. P. & THOMPSON, S. G. 2002. Quantifying heterogeneity in a meta-

analysis. Stat Med, 21, 1539-58.



-19-

HIGGINS, J. P., THOMPSON, S. G., DEEKS, J. J. & ALTMAN, D. G. 2003. Measuring 

inconsistency in meta-analyses. BMJ, 327, 557-60.

HOREWICZ, V. V., FERES, M., RAPP, G. E., YASUDA, V. & CURY, P. R. 2010. Human 

papillomavirus-16 prevalence in gingival tissue and its association with 

periodontal destruction: a case-control study. J Periodontol, 81, 562-8.

IRFAN, U. M., DAWSON, D. V. & BISSADA, N. F. 2001. Epidemiology of 

periodontal disease: a review and clinical perspectives. J Int Acad 

Periodontol, 3, 14-21.

LOESCHE, W. J. & GROSSMAN, N. S. 2001. Periodontal disease as a specific, 

albeit chronic, infection: diagnosis and treatment. Clin Microbiol Rev, 14,

727-52, table of contents.

MANN, C. J. 2003. Observational research methods. Research design II: cohort, 

cross sectional, and case-control studies. Emerg Med J, 20, 54-60.

MARTIN, J. L., WOLANIN, A. & LERNER, I. 2016. Oral Cancer Screening. Reducing 

Fear Using Salivary Diagnostics. Dent Today, 35, 12, 14.

MEHANNA, H., PALERI, V., WEST, C. M. & NUTTING, C. 2010. Head and neck 

cancer--Part 1: Epidemiology, presentation, and prevention. BMJ, 341,

c4684.

MEURMAN, J. H. & UITTAMO, J. 2008. Oral micro-organisms in the etiology of 

cancer. Acta Odontol Scand, 66, 321-6.

MICHALOWICZ, B. S., DIEHL, S. R., GUNSOLLEY, J. C., SPARKS, B. S., BROOKS, C. 

N., KOERTGE, T. E., CALIFANO, J. V., BURMEISTER, J. A. & SCHENKEIN, H. 

A. 2000. Evidence of a substantial genetic basis for risk of adult 

periodontitis. J Periodontol, 71, 1699-707.

MICHAUD, D. S., LIU, Y., MEYER, M., GIOVANNUCCI, E. & JOSHIPURA, K. 2008. 

Periodontal disease, tooth loss, and cancer risk in male health 

professionals: a prospective cohort study. Lancet Oncol, 9, 550-8.

MULLER, H. P., STADERMANN, S. & HEINECKE, A. 2001. Bleeding on probing in 



-20-

smokers and non-smokers in a steady state plaque environment. Clin 

Oral Investig, 5, 177-84.

PAPAPANOU, P. N. 1996. Periodontal diseases: epidemiology. Ann Periodontol, 1,

1-36.

PENDYALA, G., JOSHI, S., CHAUDHARI, S. & GANDHAGE, D. 2013. Links 

demystified: Periodontitis and cancer. Dent Res J (Isfahan), 10, 704-12.

PITIPHAT, W., MERCHANT, A. T., RIMM, E. B. & JOSHIPURA, K. J. 2003. Alcohol 

consumption increases periodontitis risk. J Dent Res, 82, 509-13.

RITCHIE, C. S., JOSHIPURA, K., HUNG, H. C. & DOUGLASS, C. W. 2002. Nutrition 

as a mediator in the relation between oral and systemic disease: 

Associations between specific measures of adult oral health and 

nutrition outcomes. Critical Reviews in Oral Biology & Medicine, 13,

291-300.

RUSIN, P., MARKIEWICZ, L. & MAJSTEREK, I. 2008. [Genetic predeterminations of 

head and neck cancer]. Postepy Hig Med Dosw (Online), 62, 490-501.

SULTANA, J., BASHAR, A. & MOLLA, M. R. 2014. New Management Strategies of 

Oral Tongue Cancer in Bangladesh. J Maxillofac Oral Surg, 13, 394-400.

TEZAL, M., SULLIVAN, M. A., REID, M. E., MARSHALL, J. R., HYLAND, A., LOREE, T., 

LILLIS, C., HAUCK, L., WACTAWSKI-WENDE, J. & SCANNAPIECO, F. A. 

2007. Chronic periodontitis and the risk of tongue cancer. Arch 

Otolaryngol Head Neck Surg, 133, 450-4.

TEZAL, M., SULLIVAN NASCA, M., STOLER, D. L., MELENDY, T., HYLAND, A., 

SMALDINO, P. J., RIGUAL, N. R. & LOREE, T. R. 2009. Chronic 

periodontitis-human papillomavirus synergy in base of tongue cancers. 

Arch Otolaryngol Head Neck Surg, 135, 391-6.

WARNAKULASURIYA, S. 2009. Global epidemiology of oral and oropharyngeal 

cancer. Oral Oncol, 45, 309-16.

ZHANG, J. & YU, K. F. 1998. What's the relative risk? A method of correcting the 



-21-

odds ratio in cohort studies of common outcomes. JAMA, 280, 1690-1.

Figure 1.  Flow chart of literature selection

* Flow chart of study selection for studies included in meta-analysis following PRISMA guideline
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Table 1.Characteristics of studies included in meta-analysis.

Study Year Country Study Design
Sample size Assessment 

method of Perio-
dontal disease

Adjusted factors
Tumor 

site

Control Patient

Zheng 1990 China
case control 

study
404 404 loss of tooth

age, gender, dentition, smok-
ing, drinking

1

Rosenquist 2005 Sweden
case control 

study
320 132 ABL

age, gender, smoking and 
drinking

1

Tezal 2007 USA
case control 

study
54 51 ABL

smoking and drinking, num-
ber of teeth

3

Guha_C 2007
Central 
Europe

case control 
study

566 511 oral condition
age, gender, smoking and 

drinking
2

Guha_L 2007
Latin 

America
case control 

study
1361 1457 oral condition

age, gender, smoking and 
drinking

2

Hiraki 2008 Japan
case control 

study
858 429 loss of tooth

age, gender, smoking and 
drinking

2

Michaud 2008 USA cohort study 48375 118 ABL age, smoking and drinking 4

de Rezende 2008 Brazil
case control 

study
50 50 CPITN - 4
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Tezal 2009 USA
case control 

study
266 207 ABL

age, gender, smoking and 
drinking

2

Divaris 2010 USA
case control 

study
1289 1361 Tooth mobility

age, gender, smoking, drink-
ing

1

Moergel 2013 Germany
case control 

study
123 178 ABL

age, gender, teeth with car-
ies, missing teeth, mean 

bone loss, periodontal treat-
ment, smoking and drinking

1

Eliot 2013 USA
case control 

study
567 513

Self-reported per-
iodontitis

age, sex, race, smoking, al-
cohol consumption, educa-
tion, annual household in-

come

1

Moraes 2016 Brazil
case control 

study
40 35 CAL age, smoking and drinking 1

Laprise 2016
Southern 

India
case control 

study
328 306 CAL

age, gender, year of educa-
tion, alcohol drinking and 

smoking
1

Guha, 2007 conducted multicentric analysis of Central Europe(C) and Latin America(L). Both studies are counted as sepa-
rated dataset. Countries of Russia, Romania, and Poland are included in Central Europe (C) and countries of Argentina, Cuba 
and Brazil are included in Latin America (L). Subgroup of Tumor site: 1 - oral cavity 2 - head and neck 3 - tongue 4 – oro-
pharyngeal
ABL: Alveolar bone loss, CAL: clinical attachment loss, CPITN: community periodontal index of treatment needs
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A. 

B. 
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B. 

Figure 2. Forest plot of risk of periodontitis and oral cancer. A. Studies pooled with random effect, B. Studies pooled with fixed effect

* Data and p value are obtained from RevMan program using inverse generic method. Heterogeneity, odds ratio (OR), 95% confidence interval (CI), and 

p value are obtained.
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Table 2. Subgroup association of Meta-Analysis

Overall and Subgroup 
Characteristics

Number 
of Stud-

ies

Heterogeneity

Model

Meta-Analysis

I2(%)
p -

value
OR

95% 
CI

p -
value

Total 14 92
p < 

0.001
Random 2.35

[1.69, 
3.26]

p < 
0.001

Adjustment
Yes 13 91

p < 
0.001

Random 2.13
[1.55, 
2.92]

p < 
0.001

No 1 - Fixed 12.67
[4.90, 
32.76]

p < 
0.001

Study 
Design

Case control 13 92
p < 

0.001
Radom 2.51

[1.77, 
3.57]

p < 
0.001

Cohort 1 - Fixed 1.15
[0.73, 
1.81]

p = 0.55

Assessment 
method of 

periodontal 
disease

ABL 5 85
p < 

0.001
Random 2.61

[1.43, 
4.79]

p = 
0.002

CAL 2 74 p = 0.05 Random 3.66
[0.67, 
20.15]

p = 0.14

Tooth Mobili-
ty

1 - Fixed 1.33
[1.07, 
1.65]

p = 0.01

CPITN 1 - Fixed 12.67
[4.90, 
32.76]

p <
0.001

Oral Condi-
tion

2 52 p = 0.15 Fixed 2.07
[1.66, 
2.59]

p <
0.001

Loss of Tooth 2 0 p = 0.44 Fixed 2.02
[1.29, 
3.17]

p = 
0.002

ABL + CAL 7 81
p < 

0.001
Random 2.68

[1.62, 
4.44]

p <
0.001

Self-reported 
periodontitis

1 Fixed 1.09
[1.02, 
1.16]

p = 0.01

Tumor 
Site

Oral cavity 7 80
p <

0.001
Random 1.70

[1.24, 
2.32]

p <
0.001

Head and neck 4 83
p < 

0.001
Random 2.57

[1.60, 
4.15]

p <
0.001

Tongue 1 - Fixed 5.23
[2.64, 
10.36]

p < 
0.001

Oropharyngeal 2 95
p < 

0.001
Random 3.68

[0.35, 
38.55]

p = 0.28

Ethnicity

USA 5 95
p < 

0.001
Random 1.98

[1.17, 
3.34]

p = 0.01

Europe 3 0 p = 0.70 Fixed 2.53
[1.82, 
3.51]

p < 
0.001

Latin America 3 89
p <

0.001
Random 5.79

[1.27, 
26.37]

p = 0.02

Asia 3 0 p = 0.71 Fixed 1.93
[1.38, 
2.71]

p <
0.0001

* Data and p value are obtained from RevMan program using inverse generic method.  

Heterogeneity , odds ratio (OR), 95% confidence interval (CI), p value are obtained.
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Figure 3. Funnel plot of overall result of studies included in meta-analysis

* Each study is indicated as a single dot for indicated association. Mean effect size is repre-

sented as vertical line.
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Appendix

Figure 2 Output

Study, Year
Odds 
ratio

95% confidence 
interval Log

Odds 
ratio

Variance
Standard 

ErrorLower 
Limit

Upper 
Limit

Zheng, 1990 2.4 1.3 4.5 0.8755 41.44464 0.3207

Rosenquist, 2005 1.7 0.5 5.78 0.5306 176.2097 0.6244

Tezal, 2007 5.23 2.64 10.36 1.6544 12.77045 0.3487

Guha, 2007_C 2.89 1.74 4.8 1.0613 11.65919 0.2589

Guha, 2007_L 1.91 1.49 2.53 0.6471 22.27859 0.1434

HIraki, 2008 1.68 0.88 3.21 0.5188 0.40077 0.3299

Michaud, 2008 1.15 0.73 1.81 0.1398 6.319 0.2314

De Rezende, 2009 12.669 4.9 32.76 2.5392 23.4953 0.4847

Tezal, 2009 4.36 3.16 6.02 1.4725 12.815 0.1646

Divaris, 2010 1.33 0.9 1.65 0.2852 32.06391 0.1100

Eliot, 2013 1.09 1.02 1.16 0.0862 1.089138 0.0339

Moergel, 2013 2.4 1.5 3.8 0.8755 16.54575 0.2345

Moraes, 2016 10.9 1.98 61.2 2.3888 58.11936 0.8803

Laprise, 2016 1.83 1.11 3.04 0.6043 48.34664 0.2589

Table 1. Figure 2 output of Odds ratio, 95% confidence interval, Log odds ratio, variance 

and starndard error.
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Table 2 Output – Subgroup analysis 

Figure 1. Forest plot for subgroup analysis - Covariates adjustment

Figure 2. Forest plot for subgroup analysis – Case control study
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Figure 3. Forest plot for subgroup analysis –Alveolar bone loss (ABL) (Periodontal disease assess-

ment)

Figure 4. Forest plot for subgroup analysis - Clinical attachment level (CAL) (Periodontal disease 

assessment)

Figure 5. Forest plot for subgroup analysis - C. Loss of tooth (Periodontal disease assessment)
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Figure 6. Forest plot for subgroup analysis - D. Oral condition (Periodontal disease assessment)

Figure 7. Forest plot for subgroup analysis –  ABL + CAL (Periodontal disease assessment)

Figure 8. Forest plot for subgroup analysis – Oral cavity (Tumor site)



-33-

Figure 9. Forest plot for subgroup analysis – Head and neck (Tumor site)

Figure 10. Forest plot for subgroup analysis – Oropharyngeal (Tumor site)

Figure 11. Forest plot for subgroup analysis –  USA (Ethnicity)
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Figure 12. Forest plot for subgroup analysis –  Europe (Ethnicity)

Figure 13. Forest plot for subgroup analysis – Latin America (Ethnicity)

Figure 14. Forest plot for subgroup analysis – Asia (Ethnicity)



-35-

Figure 3 Output

Intercept
Standard 

error

95% 
lower 
limit

95%  
upper 
limit

t-value df
p value 

(1 tailed)

p value 
(2 

tailed)

3.44059 0.78294 1.73470 5.14647 4.39442 12 0.00044 0.00087

Table 2. Egger’s regression test

* Regression analysis of 13 studies included in meta-analysis. Data and p value are ob-

tained from comprehensive meta-analysis program. 
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국문초록

1. 연구목적

구강암은 구강 내에 발병하는 악성 종양으로서 조기진단이 불가능하고

사망률이 높은 유일한 구강 내 질환이다. 다른 암에 비해 발현 빈도는

낮으나 악성도가 높고 생존율은 낮다. 구강암을 일으키는 관련 유발인자

로는 담배, 알코올 과다섭취, 방사선치료, 유전적 요인, 인간 유두종 바

이러스로 인한 감염 등이 있다. 만성적 염증이 발암단계에서 다양한 역

할을 할 수 있음이 부각되고 있다. 통계에 따르면 만성 염증은 15-20%

의 암을 발병시킨다고 보고하고 있다. 치주 질환은 구강 내에 존재하는

다양한 치주세균에서 분비되는 내독소 및 염증 유발인자들과 인체 내 면

역간의 만성적 불균형에 의한 만성염증이다.  최근 구강 내 만성염증이

구강암의 원인 위험인자로 인식되면서, 치주염과 구강암의 연관성이 많

이 보고되고 있다. 그러나 아직까지 구강암과 치주염의 연관성에 대한

학계의 합의는 존재하지 않는다. 치주염과 구강암의 연관성에 대한 합의
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를 이끌어 낸다면, 치주염 관리를 통한 구강암의 조기진단 및 예방의 가

능성이 있다. 따라서 본 논문의 목적은 치주염과 구강암의 연관성을 기

존에 발표된 자료를 활용한 메타분석으로 평가하는 것이다.

2. 연구방법

문헌 선택을 PRISMA guideline에 따라서 PubMed, Cochrane Data-

base를 이용하였다. 두 질병의 연선성은 RevMan 5.3 프로그램을 사용

하여 분석하였다. 이질성에 따라서 무작위 효과 모형 (random effect 

model)을 분석에 적용하였다. 하위그룹의 분석 공변수 보정, 연구 디자

인, 암의 위치, 인종 그리고 치주염 진단 방법 등을 범주화하였다. 출판

편의는 funnel plot과 Egger’s regression test를 사용하여 분석하였다.

3. 결과

2017년까지 보고된 논문들 중 치주염과 구강암의 연관성 검토에 선택
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된 논문은 총 14편이었다. 논문들 간의 이질성은 92%이어서 변량 효과

모형이 적용되었다. 치주염과 구강암 발병의 연관성은 변량 효과 모형에

서 교차비 (Odds ratio, OR) 가 2.35이었고, 95% 신뢰구간은 1.69 -

3.26 이었다 (p value < 0.00001). Funnel plot과 Egger’s regression 

test를 본 결과 Egger’s regression의 p value가 0.00087이였기 때문

에 본 메타분석에서는 출판 편의를 포함하지 않았다 (Egger ’ s re-

gression, p value > 0.05). 하위그룹 분석에서 두 질환의 연관성은, 공

변수 보정을 한 13개 논문에서 교차비는 2.13로 95%신뢰구간은 1.55

– 2.92 이었고 (p value < 0.00001), 치조골 소실 (Alveolar bone loss, 

ABL) 을 치주염 진단 방법으로 사용한 5개의 논문에서 교차비는 2.61 

로 95% 신뢰구간 1.43 – 4.79이였으며, 임상적 결합수준 (Clinical at-

tachment level, CAL)을 치주염 진단 방법으로 사용한 2개의 논문에서

교차비는 3.66이었고, 95% 신뢰구간 0.67 – 20.15 이었다.

4. 결론
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총 14개의 논문을 사용하여 분석한 메타분석 결과 치주염과 구강암은

연관성이 있었다. 하위그룹분석 치주염 진단 방법으로 치조골 소실과 임

상적 결합수준을 사용한 논문들에서 상대적으로 강한 연관성이 있었다. 

따라서 치과 의사들은 치주 건강이 구강암에 영향을 미친다는 중요성을

인식해야 한다.

주요어: 치주염, 구강암, 메타분석

학번: 2014-23058
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