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Abstract: Objective: Association between tooth loss and oral cancer risk was investigated primary studies and meta-
analyses, however, the results remain inconsistent. This study is to test the association between tooth loss and oral
squamous cell carcinoma (OSCC) in Chinese Han population. Methods: Case-control study including histologically
confirmed OSCC cases and healthy controls individually matched to the cases for age, sex, and district of residence
between May 1, 2010, and Match 31, 2014. Univariate and multiple logistic regression models were used to cal-
culate odds ratios (ORs) and corresponding 95% confidence intervals (Cls) using the STATA 12.0 software. Results:
Finally included 150 OSCC patients and 167 healthy controls. Cases had a significantly higher mean (SD) number
of lost teeth than controls (10.03+6.62 vs. 8.69+5.20; P = 0.045). The results of univariate analysis and adjust-
ment for smoking and alcohol showed a non-significant association between tooth loss and OSCC. After adjustment
for age at diagnosis, gender, smoking, alcohol use, body mass index, and history of diabetes mellitus, those in the
upper tertiles of lost tooth were significantly more likely to have OSCC (OR = 3.64, 95% Cl = 1.15-11.53, P = 0.03;
P for trend = 0.11) than in the lower tertiles. The unadjusted and adjusted results of per teeth also revealed non-
significant association. Conclusions: Tooth loss may be not associated with risk of oral cancer in this case-control
study. The relevant large-scale studies in Chinese are suggested to perform.
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Introduction ever, three case-control studies from Italy [6],

Sweden [7], and USA [8] found negative asso-

Many published epidemiological studies have
investigated an association between tooth loss
and risk of orodigestive cancer, including the
cancers in the oral cavity and pharynx, esopha-
gus, stomach, pancreas, liver, and colon, rec-
tum or anus [1-3]. However, evidence of a rela-
tionship between tooth and oral cancer is
inconsistent. A case-control study of tooth loss
and oral cancer risk was conducted in Beijing,
People’s Republic of China in 1990 by Zheng et
al. indicated that tooth loss was significantly
increased risk of oral cancer 5.98 times after
adjusted age, gender, tobacco, alcohol, and
education [4]. The another case-control study
carried out in 1995 in Denmark also found
tooth loss was significantly increased risk of
oral squamous cell carcinoma (OSCC) after
alcohol and smoking were adjusted [5]. How-

ciation between tooth loss and oral cancer.
Interestingly, multicentric case-control studies
in 2007 yielded an opposite direction of the
trend between tooth loss and oral cancer in the
Central Europe and the Latin America popula-
tion [9]. In order to address the inconsistent
results, two studies were conducted in 2013
[10, 11] using a meta-analytic approach [12].
Both of these two meta-analyses indicated that
tooth loss is significantly associated with
increased risk of head and neck cancer [10,
11]; however, they also suggested continued to
perform relevant studies for further investiga-
tion, especially perform the dose-response
analysis.

In the current study, we explore the associa-
tions between tooth loss and OSCC (including
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Table 1. Characteristics of 150 cases and 167 healthy controls

Characteristics

Cases (150) Controls (167) P-value!

Age at diagnosis, mean (SD), years

Gender (%)
Male 111 (74.00)
Female 39 (26.00)
Smoking status (%)
Yes 89 (59.33)
No 61 (40.67)
Alcohol use (%)
Yes 126 (84.00)
No 24 (16.00)
Body mass index (%)
Normal 81 (54.00)
Overweight 64 (42.67)
Obese 5 (3.33)
History of diabetes mellitus (%)
Yes 6 (4.00)
No 144 (96.00)

Number of lost teeth, mean (SD), No. 10.03+6.62

59.35+13.64 58.83113.57 0.74

Diseases (ICD) for Oncolo-
gy, 3rd Edition (Geneva,
Switzerland: World Health
Organization, 2000). The

0.86 0SCC including following

125 (74.85) sites: tongue, buccal muco-

42(25.15) sa, gum, small area of the

<0.01 gum behind the wisdom

20 (11.98) teeth, floor of the mouth,

147 (88.02) lips, hard palate, soft pal-

0.12 ate, maxillary sinus, vesti-

150 (89.82) bule, oropharynx, and other

17 (10.18) parts of the mouth. The

0.01 controls were the relatives

66 (39.52) or friends of OSCC patients,

who visited or accompa-

86 (51.50) nied with the patient in hos-

15 (8.98) pital. The controls were all

0.22 healthy or free of oral

12 (7.19) cancer.

155 (92.81)

8.69+5.20 0.045

Assessment of variables

1P values were derived from t tests for continuous variables and from x? tests for cat-

egorical variables comparing cases and controls.

oral cavity and or pharynx) in individuals from
the Chinese Han population. We hypothesize
that tooth loss may be associated with OSCC
and the risk was increased gradually with the
number of lost tooth increased. This study was
reported according to the recommended
STROBE (STrengthening the Reporting of
OBservational studies in Epidemiology) state-
ment [13].

Materials and methods
Study design and population

This study used a case-control design. The par-
ticipants were from the School & Hospital of
Stomatology, Wuhan University, China. All
patients seen between May 1, 2010, and May
1, 2015 were included; those who had a history
of oral cancer, oral dysplasia, or immunodefi-
ciency or were < 18 years were excluded. This
study was reviewed and approved by the insti-
tutional review boards of the Huizhou Municipal
Stomatological Hospital.

All participants were selected from Han Chinese
population and had signed the informed con-
sent. The cases were newly diagnosed primary
OSCC patients during the study period ac-
cording to the International Classification of
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We used standard 32 teeth

as reference and counted

the existed number of teeth
in the mouth, and then minus the number of
existed teeth from 32 teeth, this was defined as
number of lost teeth (or missing teeth). The
number of teeth of every patient and control
population was examined by the same author
and examined two times; this duplicate mea-
surement was made to provide intraexaminer
reliability.

Information on the following variables was also
obtained: age at diagnosis, gender, smoking
status (no or yes), alcohol use (no or yes), tumor
sites, body mass index (BMI; normal, over-
weight, or obese), and history of diabetes mel-
litus (no or yes).

Statistical analysis

The means and corresponding standard devia-
tions (SDs) were used to summarize the con-
tinuous variables, whereas percentages were
used to summarize the binary variables. To
investigate the association between tooth loss
and oral cancer, the Pearson chi-square test or
t-test was used to test the association, the
crude odds ratios (ORs) with their 95% confi-
dence intervals (Cls) were calculate. Considering
the extraction of wisdom teeth and referred the
previously studies [10, 14, 15], we used the
lost of <5 teeth as reference group and catego-

Int J Clin Exp Med 2015;8(11):21893-21897



Tooth loss and oral squamous cell carcinoma

Table 2. Association of oral squamous cell carcinoma with tooth loss

No. of lost teeth Cases Controls  Unadjusted OR (95% Cl); P Adjusted OR* (95% Cl); P Adjusted OR? (95% Cl); P
<5 44 48 Ref [1.00] Ref [1.00] Ref [1.00]
6-15 72 98 0.81(0.48-1.33); 0.40 0.84 (0.49-1.45); 0.54 1.06 (0.53-2.13); 0.90

>16 34 21

Losing teeth, per tooth 10.03+6.62° 8.69+5.20°

1.77 (0.89-3.49); 0.10
P value for trend 0.25
1.02 (0.99-1.05); 0.25

1.90 (0.92-3.89); 0.08 3.64 (1.15-11.53); 0.03
0.2 011
1.02 (0.99-1.06); 0.20 1.04 (0.99-1.10); 0.11

1Adjusted for smoking and alcohol use; 2adjusted for age at diagnosis, gender, smoking, alcohol use, body mass index, and history of diabetes mellitus; *mean (SD).

rize exposure variables into 3 categories: < 5
teeth, 6 to 15 teeth, > 16 teeth. The trend with
increase number of lost teeth was evaluated. A
multiple logistic regression analysis was also
performed to obtain adjusted ORs and their
95% Cls by considering the confounding risk
factors of oral cancer. A two-side P < 0.05 was
considered statistically significant. All analyses
were carried out using the STATA 12.0 soft-
ware.

Results

A total of 317 participants with 150 OSCC
patients and 167 healthy controls were finally
included. The age of diagnosis (P = 0.74), gen-
der (P = 0.86), alcohol use (P = 0.12), and his-
tory of diabetes mellitus (P = 0.22) were similar
in the case and control group; however, the
prevalence of smokers (P < 0.01) and over-
weight and obese participants (P = 0.01) were
significantly higher among cases compared
with controls. The mean number of lost tooth
was higher among cases compared with con-
trols (P = 0.045). Table 1 presents the relevant
characteristics of cases and controls.

In the unadjusted analysis, participants in the
upper tertiles of lost tooth were more likely to
have OSCC compared with lower tertiles, but
the association is non-significant (OR = 1.77,
95% CI = 0.89-3.49, P = 0.10; P for trend =
0.25). After adjustment for smoking and alco-
hol use, the results were similar with unadjust-
ed results (OR = 1.90, 95% Cl = 0.92-3.89, P =
0.08; P for trend = 0.2). After adjustment for
age at diagnosis, gender, smoking, alcohol use,
body mass index, and history of diabetes melli-
tus, participants in the upper tertiles of lost
tooth were significantly more likely to have
0SCC (OR = 3.64, 95% Cl = 1.15-11.53, P =
0.03; P for trend = 0.11). Tooth loss becomes
significantly associated with OSCC (Table 2).

Number of missing teeth might be associated
with increased risk of OSCC but was not signifi-
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cantly, either in the univariate analysis or the
adjusted analyses (Table 2).

Discussion

Our study found a non-significant association
between tooth loss and risk of OSCC, after
adjustment for smoking and alcohol use, the
results remain keep non-significant; however,
after adjustment for age at diagnosis, gender,
smoking, alcohol use, body mass index, and
history of diabetes mellitus, an inverse associa-
tion was found in the group of 16 and more
tooth loss (OR = 3.64, 95% Cl = 1.15-11.53, P
=0.03). The trends for OSCC incidence risk and
lost tooth of unadjusted and adjusted results
were all non-significant. We also analyzed the
association of per tooth but also revealed none
significantly increased risk.

Our results are opposition to the meta-analysis
[10, 11] and some previously studies [4, 5],
whereas our results are in agreement with sev-
eral other studies [6, 7, 14]. Periodontal diseas-
es were associated with increased risk of oral
cancer [16, 17]. As we know, periodontal dis-
ease is characterized by chronic bacterial infec-
tions and the major reason for tooth loss in
adults [18, 19]. In the progress from periodon-
tal disease to tooth loss, the oral bacteria in the
mouth can erode the tissue and enter into the
tissue. Specific oral bacteria have been sug-
gested to be involved in carcinogenesis [20];
hence, this progress provides the chance to
carcinogenesis. This might explain the reason
why tooth loss increases the risk of oral
cancer.

Why our study and some recently studies both
indicated non-significant association? This mi-
ght be explained by toothbrushing. Oral hygiene
is also a risk factor of oral cancer [21, 22].
Toothbrushing is an effective approach to keep
oral hygiene and decreased the risk of peri-
odontal disease [23]. Recently meta-analysis
also indicated that fewer toothbrushing is asso-

Int J Clin Exp Med 2015;8(11):21893-21897



Tooth loss and oral squamous cell carcinoma

ciated with increased risk of oral cancer [24].
The participants of our study come from the
Huizhou City, Guangdong Province. As we know,
Guangdong is an economy-developed province
and the front of the reform and opening to the
outside of China. Hence, the economic status
and awareness of the population is higher, this
promote them routine keep effective tooth-
brushing and dental checks [25] in hospital. Of
course, the oral bacteria can be controlled and
the chance to carcinogenesis would be
decreased. This can also explain why the first
relevant study in Beijing in 1990 showed signifi-
cant association between tooth loss and
increased risk of oral cancer [4].

Considering the smoking and alcohol use are
the classical risk factors of oral cancer [26], we
collected the data of them and adjusted them
but obtained non-significant association. The
reason might also due to the effective oral
cleaning of included participants. Diabetes
mellitus is another risk factor of oral cancer
and was assessed in a recently meta-analysis
[27], then we also collected data of history of
diabetes and adjusted it. After adjusting all
variables, the upper tertiles of lost tooth were
significantly. We think this phenomenon might
be explained by age. Age is a factor of tooth
loss and the elderly participants with less
awareness to keep oral health; besides, the
number of tooth loss is increased with age
increased. Lost number of 16 and tooth of the
OSCC patients and healthy controls are major
elderly participants in our study, hence, we may
understand why the upper tertiles of lost tooth
were significantly associated with increased
risk of OSCC after adjustment for age et al.

To our knowledge, his is the secondary study
conducted to investigate the association be-
tween tooth loss and oral cancer in Chinese.
The first one was performed by Zheng et al. in
1990 in Beijing [4]. Our study can provide cur-
rent status of Chinese. However, the sample
sizes of our study remain not enough which
might bias the results. In addition, case-control
study is a retrospective analysis and cannot
judge the sequential relationship of tooth loss
and incident of oral cancer. In our opinion, the
genetic background of participants should be
considered in further studies. Genetic factors
are also play an important role in the develop-
ment of oral cancer [28, 29]. Unfortunately we
do not know to keep relevant tissues or blood
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of cases and controls and the genetic test can-
not carry out in our study. Although we adjusted
results for multiple potential confounding fac-
tors, existence of some unknown confounders
in this population, such as genetic factor and
habit to eat traditional Chinese medicine rou-
tinely, or residual confounding could not totally
be excluded. Future studies assessing the
potential effects of the oral bacteria and asso-
ciated biological mechanism on OSCC remains
necessary, especially using cohort design.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Cui Huang, The
State Key Laboratory Breeding Base of Basic Sci-
ence of Stomatology (Hubei-MOST) & Key Laboratory
of Oral Biomedicine Ministry of Education, School &
Hospital of Stomatology, Wuhan University, 237
Luoyu Road, Wuhan 430079, China. E-mail: huang-
cui@yahoo.com

References

[1] Meyer MS, Joshipura K, Giovannucci E and
Michaud DS. A review of the relationship be-
tween tooth loss, periodontal disease, and
cancer. Cancer Causes Control 2008; 19: 895-
907.

[2] Ansai T, Takata Y, Yoshida A, Soh I, Awano S,
Hamasaki T, Sogame A and Shimada N.
Association between tooth loss and orodiges-
tive cancer mortality in an 80-year-old commu-
nity-dwelling Japanese population: a 12-year
prospective study. BMC Public Health 2013;
13: 814.

[3] AhnJ, Segers S and Hayes RB. Periodontal dis-
ease, Porphyromonas gingivalis serum anti-
body levels and orodigestive cancer mortality.
Carcinogenesis 2012; 33: 1055-1058.

[4] Zheng TZ, Boyle P, Hu HF, Duan J, Jian PJ, Ma
DQ, Shui LP, Niu SR, Scully C and MacMahon
B. Dentition, oral hygiene, and risk of oral can-
cer: A case-control study in Beijing, People’s
Republic of China. Cancer Causes Control
1990; 1: 235-241.

[5] Bundgaard T, Wildt J, Frydenberg M, Elbrond O
and Nielsen JE. Case-control study of squa-
mous cell cancer of the oral cavity in Denmark.
Cancer Causes Control 1995; 6: 57-67.

[6] Talamini R, Vaccarella S, Barbone F, Tavani A,
La Vecchia C, Herrero R, Munoz N and
Franceschi S. Oral hygiene, dentition, sexual
habits and risk of oral cancer. Br J Cancer
2000; 83: 1238-1242.

Int J Clin Exp Med 2015;8(11):21893-21897


mailto:huangcui@yahoo.com
mailto:huangcui@yahoo.com

(7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Tooth loss and oral squamous cell carcinoma

Rosenquist K. Risk factors in oral and oropha-
ryngeal squamous cell carcinoma: a popula-
tion-based case-control study in southern
Sweden. Swed Dent J Suppl 2005; 1-66.
Divaris K, Olshan AF, Smith J, Bell ME, Weissler
MC, Funkhouser WK and Bradshaw PT. Oral
health and risk for head and neck squamous
cell carcinoma: the Carolina Head and Neck
Cancer Study. Cancer Causes Control 2010;
21:567-575.

Guha N, Boffetta P, Wunsch Filho V, Eluf Neto J,
Shangina O, Zaridze D, Curado MP, Koifman S,
Matos E, Menezes A, Szeszenia-Dabrowska N,
Fernandez L, Mates D, Daudt AW, Lissowska J,
Dikshit R and Brennan P. Oral health and risk
of squamous cell carcinoma of the head and
neck and esophagus: results of two multicen-
tric case-control studies. Am J Epidemiol 2007;
166: 1159-1173.

Zeng XT, Luo W, Huang W, Wang Q, Guo Y and
Leng WD. Tooth loss and head and neck can-
cer: A meta-analysis of observational studies.
PLoS One 2013; 8: e79074.

Wang RS, Hu XY, Gu WJ, Hu Z and Wei B. Tooth
loss and risk of head and neck cancer: A meta-
analysis. PLoS One 2013; 8: e71122.

Zeng X, Zhang Y, Kwong JS, Zhang C, Li S, Sun
F, Niu Y and Du L. The methodological quality
assessment tools for preclinical and clinical
studies, systematic review and meta-analysis,
and clinical practice guideline: A systematic
review. J Evid Based Med 2015; 8: 2-10.
Vandenbroucke JP, von EIm E, Altman DG,
Gotzsche PC, Mulrow CD, Pocock SJ, Poole C,
Schlesselman JJ and Egger M. Strengthening
the Reporting of Observational Studies in
Epidemiology (STROBE): explanation and elab-
oration. Int J Surg 2014; 12: 1500-1524.
Tezal M, Scannapieco FA, Wactawski-Wende J,
Meurman JH, Marshall JR, Rojas IG, Stoler DL
and Genco RJ. Dental caries and head and
neck cancers. JAMA Otolaryngol Head Neck
Surg 2013; 139: 1054-1060.

Dar NA, Islami F, Bhat GA, Shah IA, Makhdoomi
MA, Igbal B, Rafiq R, Lone MM, Abnet CC and
Boffetta P. Poor oral hygiene and risk of esoph-
ageal squamous cell carcinoma in Kashmir. Br
J Cancer 2013; 109: 1367-1372.

Zeng XT, Deng AP, Li C, Xia LY, Niu YM and Leng
WD. Periodontal disease and risk of head and
neck cancer: a meta-analysis of observational
studies. PLoS One 2013; 8: e79017.

Yao QW, Zhou DS, Peng HJ, Ji P and Liu DS.
Association of periodontal disease with oral
cancer: A meta-analysis. Tumour Biol 2014;
35: 7073-7077.

21897

(18]

(19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

Pihistrom BL, Michalowicz BS and Johnson
NW. Periodontal diseases. Lancet 2005; 366:
1809-1820.

Nibali L, Farias BC, Vajgel A, Tu YK and Donos
N. Tooth loss in aggressive periodontitis: A sys-
tematic review. J Dent Res 2013; 92: 868-875.
Meurman JH and Uittamo J. Oral micro-organ-
isms in the etiology of cancer. Acta Odontol
Scand 2008; 66: 321-326.

Rezende CP, Ramos MB, Daguila CH, Dedivitis
RA and Rapoport A. Oral health changes in
with oral and oropharyngeal cancer. Braz J
Otorhinolaryngol 2008; 74: 596-600.

Conway D. Oral health, mouthwashes and can-
cer-what is the story? Evid Based Dent 2009;
10: 6-7.

Zimmermann H, Zimmermann N, Hagenfeld D,
Veile A, Kim TS and Becher H. Is frequency of
tooth brushing a risk factor for periodontitis? A
systematic review and meta-analysis. Commu-
nity Dent Oral Epidemiol 2015; 43: 116-127.
Zeng XT, Leng WD, Zhang C, Liu J, Cao SY and
Huang W. Meta-analysis on the association be-
tween toothbrushing and head and neck can-
cer. Oral Oncol 2015; 51: 446-451.

Davenport CF, Elley KM, Fry-Smith A, Taylor-
Weetman CL and Taylor RS. The effectiveness
of routine dental checks: a systematic review
of the evidence base. Br Dent J 2003; 195: 87-
98; discussion 85.

Conway DI, Hashibe M, Boffetta P, Wunsch-
Filho V, Muscat J, La Vecchia C and Winn DM.
Enhancing epidemiologic research on head
and neck cancer: INHANCE-The international
head and neck cancer epidemiology consor-
tium. Oral Oncol 2009; 45: 743-746.

Gong Y, Wei B, Yu Land Pan W. Type 2 diabetes
mellitus and risk of oral cancer and precancer-
ous lesions: a meta-analysis of observational
studies. Oral Oncol 2015; 51: 332-340.
Brunotto M, Zarate AM, Bono A, Barra JL and
Berra S. Risk genes in head and neck cancer:
A systematic review and meta-analysis of last
5 years. Oral Oncol 2014; 50: 178-188.

Zeng XT, Luo W, Geng PL, Guo Y, Niu YM and
Leng WD. Association between the TP53 co-
don 72 polymorphism and risk of oral squa-
mous cell carcinoma in Asians: A meta-analy-
sis. BMC Cancer 2014; 14: 469.

Int J Clin Exp Med 2015;8(11):21893-21897



