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Associations between missing teeth =0

and the risk of cancer in Korea: a nationwide
cohort study
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Abstract

Background Poor dental health is correlated with an increased risk of cancer. Using a nationwide population cohort
database, we investigated which cancer is highly associated with poor dental health and which dental indicator
mostly influences cancer risk.

Methods This study was conducted using the National Health Checkups (NHC) and National Health Insurance Sys-
tem (NHIS) database in Korea. NHC in Korea includes dental examinations. We retrieved subjects who underwent NHC
between 2002 and 2003 and their medical information in NHIS database was followed until December 31,2015.

Results Data for 200,170 who participated in the NHC between 2002 and 2003 were analysed. During the maximum
follow-up period of 13 years, 15,506 (7.75%) subjects were diagnosed with cancer. The median time to cancer diag-
nosis after the dental examination was 87 months (range, 51-119 months). The proportion of people with missing
teeth was higher in the cancer-diagnosed group than in the non-diagnosed group (26.27% vs. 22.59%, p <0.001).
Among several dental health factors, missing teeth were significantly associated with higher cancer risk. Subjects with
missing teeth showed a 12% increased cancer risk compared to those without missing teeth (odds ratio [OR] 1.12,
95% confidence interval [Cl], 1.08-1.16). The risk was significantly higher, especially in lung, head and neck, pancreatic,
liver, biliary, and esophageal cancers (OR 1.27 [95% Cl, 1.14-1.41],1.32 [95% Cl, 1.13-1.55], 1.27 [95% Cl, 1.02-1.58], 1.24
[95% Cl, 1.1-1.4], 1.28 [95% Cl, 1.03-1.6], 1.4 [95% Cl, 1.04-1.88], respectively).

Conclusions Missing teeth were the most important dental indicator associated with cancer risk. Korean adults with
missing teeth should be cautious about the risk of several cancers, particularly head and neck, lung, gastrointestinal,
hepatobiliary, and pancreatic cancer.
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Introduction

Dental health is correlated with several systemic diseases,
such as rheumatologic disease, cardiovascular disease,
diabetes, and cancers [1-6]. Dental caries, the number of
missing teeth, and periodontitis are widely used as rep-
resentative indicators of dental health. According to the
statistics from the Korea Centers for Disease Control and
Prevention, the prevalence of dental caries and periodon-
tal disease for permanent teeth among those aged 19 years
and over was 29.1% and 23.4% of each in 2016-2018.
Moreover, 54.3% of the population who conducted the
Korea National Health and Nutrition Examination Sur-
vey from 2010-2015 reported having at least one missing
tooth [7, 8]. Periodontitis is a common chronic inflamma-
tory condition caused by intraoral bacterial microorgan-
isms, which gradually destroy periodontal soft tissue and
eventually affect the teeth [9]. Dental caries results from
complex processes induced by intraoral bacteria, ferment-
able carbohydrates, and other host factors on teeth. Most
importantly, missing teeth in adulthood are regarded as
the final result of seriously progressed inflammatory con-
ditions in periodontal soft tissue and teeth. Several reports
suggest that these intraoral microbiota compositions and
inflammatory reactions are associated with systemic con-
ditions [10]. In addition, some cancers are directly related
to chronic inflammatory conditions in their pathogenesis
[11]. Besides well-known oncogenic viruses like human
papillomavirus, Epstein-Barr virus, and Hepatitis B virus,
intraoral microbiota have also been identified as highly
associated with increased risk of various diseases, includ-
ing cancer, by creating a pro-inflammatory microenviron-
ment and impairing the immune response [12, 13].

In Korea, dental health screening is included in the
National Health Checkups (NHC) program provided by
the government for all populations in Korea. Therefore,
dentists regularly check their dental health status. Based
on data from the NHC and engaged health insurance
claims data of this population, we investigated which
cancer is highly associated with poor dental status and
which dental factor can be the most reliable index associ-
ated with the risk of cancer incidence among the Korean
population.

Materials and methods

Data source

This study was conducted using NHC database of the
National Health Insurance Service (NHIS) in Korea.
Because nearly 98% of citizens who reside in Korea,
except for Medical Aid beneficiaries and Health Care
beneficiaries for veterans, are assigned to the NHIS
program.
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As part of the NHIS system, all insurance subscribers
and dependents are asked to take a free biannual NHC.
The NHC comprised a general health examination and a
dental health examination. The NHIS has been operating
the National Health Insurance Sharing Service (NHISS)
and provides national health information including
NHC data to Korean researchers to conduct policy and
academic researches upon approval [14]. Database also
includes insurance rate, medical check-up result, treat-
ment details, elderly long-term nursing insurance data,
clinic status, registered information of cancer and rare
disease, and etc.

This study was conducted in accordance with the Decla-
ration of Helsinki, Good Clinical Practice guidelines, and
national policy on the Personal Information Protection
Act. This study was approved by the Institutional Review
Board (IRB) of the Korea University Guro Hospital (IRB
No. 2020GR0173) and accepted by the NHIS (NHIS-
2022-2-037). Consent to participate in the research was
waived by IRB of Korea University Guro Hospital because
we used anonymized data for the retrospective analysis.

Study population and definitions

We retrieved the records of 514,886 people who par-
ticipated in the NHC program between January 1, 2002,
and December 31, 2003. Afterward, newly onset medical
information after the NHC were followed until Decem-
ber 31, 2015. To obtain information on newly diagnosed
cancer, we retrieved the data of individuals with diagno-
sis codes on the International Statistical Classification of
Diseases and related health problems 10th revision (ICD-
10) and additional V193 code for cancer patients. The
V193 code is specifically used for all cancer patients in
Korea to support medical expenses for cancer diagnosis
and treatment. Therefore, all claims applied to the NHIS
of patients with cancer have additional V193 code. Also,
for the exact definition of newly diagnosed patients dur-
ing this time, we applied a 1-year washout window period
before detecting the ICD-10 code for cancer. Thus, indi-
viduals assigned an ICD-10 code for cancer in 2002 were
not considered new patients. Individuals who had cancer
codes between January 1, 2002, and December 31, 2002,
and who already had cancer codes in medical claims
before NHIS were excluded from the analysis. Although
all claims data provided by NHIS conceal individuals’
identities according to the Act on the Protection of Per-
sonal Information Maintained by Public Agencies, claim
data of certain cancers, including breast cancer, genital
tract cancers, and prostate cancer, which were designated
as sensitive diagnoses for privacy by NHIS, were not pro-
vided without additional requests; therefore, we excluded
data of these cancers in the analysis.
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A dentist performed dental examinations for NHC
at the institution assigned by the government. Only
approved dentists who completed online training pro-
gram for NHC could participate in NHC. In addition
to the training program, the Korea Centers for Disease
Control (KCDC) and the NHIS provided a guideline for
recording NHC results for reliability among the examin-
ers [15]. In dental examinations, information about the
presence of dental caries and their number, periodontal
disease, and status of dental loss was obtained. The exam-
iners used the same definitions for diagnosing dental car-
ies or periodontitis according to the guideline. In the case
of tooth loss, only the case by dental caries or inflam-
matory causes without trauma, injury, artificial tooth or
other orthodontic reasons had to be defined as tooth loss
in NHC. In addition, smoking status, alcohol consump-
tion, body mass index (BMI), underlying diseases such
as diabetes mellitus, hypertension, cardiac disease, cer-
ebrovascular disease, and economic status were obtained
from the NHIS.

Statistical analysis

All subjects with missing data were excluded from the
statistical analysis. Chi-square analysis was performed
to compare categorical variables, and Student’s t-test was
performed to compare continuous variables between the
groups with and without cancer. A multivariable logistic
regression model was used to analyze the risk factors for
cancer occurrence, adjusting for age, sex, income, smok-
ing, alcohol consumption, and comorbidities. Kaplan
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—Meier survival curves were used to analyze the cumu-
lative incidence of cancer. Statistical significance was set
at p<0.05. All statistical analyses were performed using
SAS software (version 9.4; SAS Institute Inc.) and R sta-
tistical software, version 3.3.3 (R Foundation Inc.; http://
cran.r-project.org/).

Results

From data from 514,886 people who underwent national
health examinations between December 31, 2002, and
December 31, 2003, data from 310,996 people were
excluded for missing components or absence of dental
examination. In addition, data from 3,700 people were
excluded for previous cancers before the dental exami-
nation. Eventually, all claims data from 200,170 were fol-
lowed until December 31, 2015 (Fig. 1).

The baseline characteristics of all included individu-
als are listed in Table 1. The included individuals were
aged from 40 to 79 years, with a median age of 50.8 years.
Most participants were aged less than 65 years (90.3%),
and males comprised 61.6% of the total population. The
proportion of people with a smoking history was 37.5% of
the total population, and 10.9% consumed alcohol more
than 10 times monthly. We evaluated economic status by
the amount of payment for the national health insurance
because the government decided the payment according
to the income. Less than the third quantile, people with
low economic status comprised 20.7% of the total popu-
lation. Regarding comorbid diseases, 34.4% were obese

N=514,886

Subjects who received national health screening
between 2002 and 2003

Missing data in national health
screening
or dental health screening
N=310,996

History of cancer

before dental screening
N=3,700

Finally, total 200,170 subjects were enrolled

Followed all claim data until Dec 31, 2015

Fig. 1 Flow chart of the study subjects
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Table 1 Baseline characteristics of the study population

Total participants

n=200,170
Median age, y 50.82
Age group N %
<65 180,704 90.28
>65 19,466 9.72
Sex
Male 123,332 6161
Female 76,838 3839
Income
<Third quantiles 41,410 20.69
>Third quantiles 158,760 7931
Smoking
Never 125,026 62.46
Ex-smoker 21,808 10.89
Current smoker 53,336 26.65
Alcohol consumption
<10 times per month 178,283 89.07
> 10 times per month 21,887 10.93
Dental health status
Number of dental caries
0 184,555 92.20
1-4 12416 6.20
>5 3,199 1.60
Missing teeth 45,796 22.88
Periodontitis 101,796 50.5
Comorbidity
Obesity 68,879 3441
Hypertension 31,694 15.83
Diabetes 13,021 6.50
Heart disease 5,571 2.78
Cerebrovascular disease 3,398 1.70
Cancers
All cancers® 15,506 7.75
Gastric cancer 3,223 1.61
Colorectal cancer 2,461 1.23
Thyroid cancer 2,222 1.11
Lung cancer 1,797 0.90
Liver cancer 1,428 0.71
Head and neck cancer 740 037
Hematologic malignancies 550 0.27
Bladder cancer 499 0.25
Kidney cancer 417 0.21
Pancreatic cancer 409 0.20
Gallbladder / biliary tract cancer 407 0.20
Esophageal cancer 207 0.10
Other cancers 1,146 0.57

? Information on breast cancer, female and male genital tract cancers and
prostate cancer are not included in this analysis
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with a BMI >25. Also, 15.8% of the study population had
hypertension, and 6.5% had diabetes.

For dental health status, we focused on three major
dental indicators: dental caries, missing teeth, and peri-
odontitis, because they can be regarded as objectively
described by dentists. Among the total population, 7.8%
had untreated dental caries, and 22.9% had more than
one missing tooth. Approximately half (50.9%) of the sub-
jects had periodontitis. In total, 15,506 (7.6%) subjects
were diagnosed with cancer after the NHSE. Gastric can-
cer was the most commonly diagnosed cancer, followed
by colorectal cancer, thyroid cancer, lung cancer, liver
cancer, and head and neck cancer. Among the 45,796
subjects with missing teeth, 4,074 subjects (8.9%) were
diagnosed with cancer after the dental examination.

We performed a chi-square test to analyze the char-
acteristics of patients diagnosed with cancer or not
(Table 2). The proportion of elderly (> 65 years old), male,
people with low economic status, smoking history, fre-
quent alcohol consumption, and comorbid diseases was
higher in people diagnosed with cancer. The proportion
of people without dental caries was slightly higher in the
cancer group, and the proportion of patients with peri-
odontitis was not different between the cancer and non-
cancer groups. However, the proportion of people with
missing teeth was higher in the cancer group (26.27% vs.
22.59%, p <0.001).

Multivariate logistic regression analysis was performed
to analyze risk factors for cancer (Table 3). In a multi-
variable logistic regression model adjusted for age, sex,
income, smoking, alcohol consumption, and comorbidi-
ties, older age (> 65 years), male sex, low economic status,
smoking history, and frequent alcohol consumption were
found to be influential factors related to increased cancer
risk. In addition, comorbid diseases, including hyperten-
sion, diabetes, and heart diseases, were also associated
with increased cancer risk.

In the information on dental health status, dental car-
ies did not show significant associations with risk for all
cancers. In addition, the number of dental caries was not
related to cancer risk. However, missing teeth was a sig-
nificant factor related to higher cancer risk. People with
missing teeth showed a higher risk for all cancers (odds
ratio (OR) 1.12 [95% confidence interval (CI), 1.08—1.16].
The risk was significantly higher, particularly in lung can-
cer, head and neck cancer, pancreatic cancer, liver cancer,
biliary cancer, and esophageal cancer (OR 1.27 [95% CI,
1.14-1.41], 1.32 [95% CI, 1.13-1.55], 1.27 [95% CI, 1.02—
1.58], 1.24 [95% CI, 1.1-1.4], 1.28 [95% CI, 1.03-1.6], 1.4
[95% CI, 1.04—1.88], respectively).

Because we adjusted for all other potential clini-
cal or epidemiologic factors, missing teeth were con-
firmed as an independent factor impacting cancer
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Table 2 Comparison of characteristics between cancer—undiagnosed group and cancer—diagnosed group
Cancer - undiagnosed group Cancer - diagnosed group p-value
N=184,664 N=15,506
Median age 50.51 54.58 <.0001 (a)
Age group, y <.0001 (b)
<65 167,964 (90.96) 12,740 (82.16)
>65 16,700 (9.04) 2,766 (17.84)
Sex <.0001 (b)
Male 112,842 61.11) 10,490 (67.65)
Female 71,822 (38.89) 5016 (32.35)
Income <.0001 (b)
<Third quantiles 37,973 (20.56) 3,437 (22.17)
>Third quantiles 146,691 (79.44) 12,069 (77.83)
Smoking <.0001 (b)
Never 115,998 (62.82) 9,028 (58.22)
Ex-smoker 20,011 (10.84) 1,797 (11.59)
Current smoker 48,655 (26.35) 4,681 (30.19)
Alcohol consumption <.0001 (b)
<10 times per month 165,045 (89.38) 13,238 (85.37)
> 10 times per month 19,619 (10.62) 2,268 (14.63)
Dental health status
Number of dental caries 0.0179 (b)
0 170177 (92.15) 14,378 (92.73)
1-4 11,536 (6.25) 880 (5.68)
>5 2,951 (1.60) 248 (1.60)
Missing teeth 41,722 (22.59) 4,074 (26.27) <.0001 (b)
Periodontitis 93,821 (50.81) 7975 (51.43) 0.1346 (b)
Comorbidity
Obesity 63,391 (34.33) 5/488 (35.39) 0.0073 (b)
Hypertension 28,550 (15.46) 3,144 (20.28) <.0001 (b)
Diabetes 11,637 (6.30) 1,384 (8.93) <.0001 (b)
Heart disease 4,990 (2.70) 581 (3.75) <.0001 (b)
Cerebrovascular disease 3,065 (1.66) 333 (2.15) <.0001 (b)

(a) p-value by Students t-test; (b) p-value by the chi-square test

risk, especially for some specific cancers. However,
for thyroid cancer, missing teeth were associated with
decreased cancer risk (OR 0.78 [95% CI, 0.7-0.88].
For periodontitis, it was not related to increased can-
cer risk in all cancers, but the risk of gastric and liver
cancers increased with OR 1.08 [95% CI, 1.0-1.15] and
1.12 [95% CI, 1.01-1.25], respectively.

We analyzed the time to know how long it takes to
diagnose cancer after the dental examination (Fig. 2).
The median time to cancer diagnosis after the dental
examination was 87 months (range, 51-119 months).
With time, the incidence of all cancers increased,

particularly the difference started from the beginning
in the case of head and neck cancer.

Discussion

In this study, from a large-scale Korean cohort who
underwent a national health dental examination, we con-
firmed that missing teeth are the most important risk
factor for several cancers among various dental health
conditions. Compared to the group without cancer, the
proportion of subjects with missing teeth in the group
with cancer was significantly higher; however, only a
slight difference was found for dental caries, and no dif-
ference was found for periodontitis. Also, 22.9% of the
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Fig. 2 Cumulative incidence of several cancers according to the missing teeth

total population of this study had missing teeth, and
8.9% of the subjects with missing teeth were diagnosed
with cancer after the dental examination. We identified
that the population with missing teeth had an increased
risk of all cancers, especially gastric, lung, liver, colorec-
tal, head and neck, pancreatic, biliary, and esophageal
cancers. Compared to other dental health indicators,
including periodontitis or dental caries, missing teeth
are objective and obvious clinical parameters. Therefore,
missing teeth can be used as a reproducible and repre-
sentative indicator of dental health status and cancer risk
in the real world.

Several studies have examined the association
between dental health status and various cancers. Most
reported that missing teeth or periodontitis are associ-
ated with an increased risk of several cancers in diverse
populations [6, 16—22]. In some studies, missing teeth
showed significant associations with specific cancers
such as lung, gastric, liver, esophageal, pancreatic, and
head and neck cancers, which is consistent with the
results of this study. In a study performed in Japan,
missing teeth were associated with an increased risk
of head and neck cancer (OR 1.68), esophageal cancer
(OR 2.36), and lung cancer (OR 1.54) [19]. In a pooled

analysis for assessing the risk of esophageal cancer,
missing teeth were associated with an increased risk of
esophageal cancer in Asians with OR 1.52 [17]. In addi-
tion, missing teeth were associated with increased lung
cancer risk with a relative risk (RR) of 1.69 in a pooled
analysis [18]. The risk for gastric cancer was increased
with a hazard ratio (HR) of 1.54 in a prospective cohort
study from Sweden and 1.65 in a Finnish cohort [23,
24]. For pancreatic cancer, the RR was 1.54 for miss-
ing teeth in a meta-analysis [21]. The risk was also
increased for head and neck cancer with an RR of 2.0 in
a meta-analysis [25].

This study showed no significant increase in the risk of
bladder cancer, kidney cancer, or hematological malig-
nancies with missing teeth. Studies on the association
between missing teeth and these cancers have rarely
been reported, and the results of only a few studies on
the associations of these cancers with periodontal dis-
ease are controversial. In studies by Michaud et al. and
Nwizu et al.,, periodontal disease was not associated with
an increased risk of bladder or urinary tract cancers [26,
27]. For kidney cancer, there was an increased risk of per-
iodontitis among male health professionals with an OR
of 1.49, but there was no association in never-smokers in
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this population (OR 1.06) [26]. In addition, Michaud et al.
reported that missing teeth were not associated with
increased hematopoietic malignancy or lymphatic cancer
risk in male health professionals [28].

To date, there is no precisely defined mechanism for
the association between dental health and cancer, and
many researchers have proposed several hypotheses.
First, some researchers have suggested that inflammation
caused by oral bacterial infection can promote systemic
inflammation and systemic inflammatory cytokines,
which play a role in initiating malignancies [29, 30].
Second, nitrosamine, a carcinogen produced by nitrate-
reducing oral bacteria, has been reported as a triggering
factor in gastrointestinal cancers [31, 32]. Third, chronic
inflammation caused by oral bacteria can promote local
inflammation in surrounding tissues [33, 34]. When we
comprehensively review our results and those of previous
studies, we can suggest that dental health status mainly
affects the area of the head and neck, digestive tract,
lung, liver, and biliary-pancreas where oral bacteria can
reach. This phenomenon supports a mechanism of local
inflammation and irritation of surrounding tissues by
contact with oral bacteria, which can be the main cause
of the increased risk of specific cancers rather than sys-
temic stimulation to distant organs.

Indeed, numerous studies have identified some oral
microbiota correlated with cancer risk. Fusobacterium
spp., an oral bacterium, was detected in pancreatic cancer
and Fusobacterium-positive patients with pancreatic can-
cer had a worse prognosis [35]. In addition, Fusobacte-
rium species were found to be associated with increased
colon cancer risk, and Streptococcus species were sug-
gested to be influential in the development of lung cancer
[36, 37]. Porphyromonas gingivalis and Aggregatibac-
ter actinomycetemcomitans have also been identified as
correlative species with an increased risk of pancreatic
cancer [38]. There have been substantial reports on the
correlation between specific oral microbiota and head
and neck cancer [39].

Because increased risk has been reported, especially in
some specific cancers, mucosal areas of the oral cavity or
surrounding areas, including laryngopharyngeal, respira-
tory, and gastrointestinal regions, might be susceptible to
cancer development. In a single-cell transcriptome assay
of the human mucosa of participants with periodontitis
and healthy participants, stromal and epithelial cells in
the oral mucosa of periodontitis promoted inflammatory
cell recruitment, and these cells actively participated in
upregulating pathways related to cell adhesion, cytokine
signaling, and biosynthesis. Moreover, stromal cells and
epithelial cells in the oral mucosa increased cell-damage
receptors in periodontitis distinctively [40]. This sug-
gests that the oral mucosa has unique susceptibility to
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inflammation-associated diseases. Carcinogenesis is
related to the inflammatory status under the complex
interactions between host and immune factors; thus, cells
in the oral mucosa and nearby structures can be directly
affected by the inflammatory response triggered by the
oral microbiota, consequently promoting cancer devel-
opment. In addition, the transmission of oral microbiota
to the biliary tract, pancreas, and the colorectal area is
possible mainly by swallowing saliva, which may partici-
pate in the carcinogenesis of cancers in this area. How-
ever, oral microbiota can hardly reach the kidney, urinary
tract, or hematopoietic organs. This could be the reason
for the differences in the risk of cancer development in
each organ.

Additionally, nutritional status can be suggested as the
possible linker for the correlation between poor dental
health status and cancer. Malnutrition or specific nutri-
ent deficiency may influence maintaining healthy oral
mucosa or cause destruction in dental enamel. Poor den-
tal health status results in poor or unbalanced nutritional
intake, making a vicious cycle. Moreover, nutritional
imbalance also may affect the risk of incidence of sev-
eral cancers. In previous studies, a high amount of sugar
intake in the diet was reported to have a strong corre-
lation not only with dental caries but also with the risk
of various cancers[41, 42]. In addition, deficient or low
folate status was reported to have an association with
stomatitis caused by the reduced periodontal tissue’s
ability to protect it from bacterial irritants [43]. Folate
deficiency also has an association with an increased risk
of several cancers [44]. With regard to Vitamin D, accu-
mulating studies have strongly suggested that Vitamin
D deficiency has a negative effect on oral health causing
defective tooth mineralization as well as increasing the
risk of several cancers [45, 46]. Although we could not
perform a related analysis on nutritional status because
data on the nutritional status of the study subjects were
not available, nutritional status can also be suggested to
be a factor that can explain the association between poor
dental health status and cancer.

In this study, missing teeth were associated with a
lower risk of thyroid cancer. Risk analysis of thyroid can-
cer with missing teeth has rarely been conducted, and
there is only one report in Japan on the risk of thyroid
disease with missing teeth [19]. Also, there was no sig-
nificant association with the risk of thyroid cancer in
this study. However, the number of thyroid cancer cases
was small, with only 121 of the 5,240 cancer patients
included in the Japanese study; therefore, there might
be a statistical concern. In addition, because only peo-
ple with malignancy-suspected thyroid nodules take fine
needle aspiration or biopsy, probably there are patho-
logically undiagnosed thyroid cancer cases. Therefore,
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the results of the study may not reflect the correlation
between missing teeth and the real risk of thyroid can-
cer. However, during the follow-up period of the subjects
included in this study, the incidence of thyroid cancer
in Korea increased significantly to the extent that this
was criticized for over-diagnosis [47]. In other words,
it can be interpreted that the number of thyroid can-
cer patients in this presenting study reflects the actual
incidence of thyroid cancer, not the downwardly esti-
mated incidence. The reason subjects with missing teeth
showed a significantly lower risk of thyroid cancer is dif-
ficult to explain fully; further research is needed to clar-
ify this.

Interestingly, at the time of cancer diagnosis after den-
tal examination, head and neck cancer already showed
an increased incidence from the beginning of follow-
up. Meanwhile, the incidence of other cancers gradually
increased with time, according to the presence of miss-
ing teeth. This result might imply that poor dental health
status, including missing teeth, is strongly associated
with head and neck cancer, regardless of timing. At least
for head and neck cancer, oral health status should not
be regarded as a tool for the prediction of future cancer,
it should be used as an indicator of an immediate and
routine screening for head and neck cancer. Like the role
of visual dental examinations detecting pre-malignant or
malignant lesions in oral cavity for screening oral cav-
ity cancer, a more impactful screening program for the
inspection of the whole area for head and neck cancer is
necessary especially for patients with poor dental health
status.

Previously, several screening models for oral cancer
have been proposed, but there is no definitive conclusion
regarding the most effective model [48]. Because there
is a lack of sufficient evidence regarding a reduction in
oral cancer mortality, population-based oral screening
using visual inspection is not recommended in most
countries except Taiwan. In Taiwan, which has a similar
national health screening system to Korea, biennial oral
examinations were conducted for smokers and/or betel
quid chewers. Cancer incidence was evaluated between
screened and non-screened populations. In this analysis,
screening effectively reduced both T-stage and mortal-
ity of head and neck cancer [49]. There have been no
attempts to categorize high-risk groups based on den-
tal health status. Thus, our results suggest that missing
teeth should be considered an influential factor in defin-
ing high-risk groups for further evaluation of the effec-
tiveness of dental screening in several cancers.

This study had some limitations. First, we could not
obtain clinical information of individuals, including the
reason for missing teeth, stage of cancer, treatment of
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cancer, and death, because of the characteristics of the
data composition and the Personal Information Protec-
tion Act applied to the data by the government. Second,
claims data did not include information on some can-
cers, including breast cancer, female and male genital
tract cancers, and prostate cancer; therefore, analysis of
these cancers could not be performed. For the analysis
of these cancers, further investigation is planned with
additional permission from the NHIS.

However, over 200,000 people living in Korea were
included and followed up for a long time with quali-
fied data provided by the public institution. Therefore,
the results of this study have strong value as the results
of the Korean nationwide data. Second, all dental health
examinations were conducted by dentists in designated
institutions for NHC. Therefore, the results of national
dental health screening are trustworthy compared to
other studies that used the self-questionnaire survey of
participants.

In conclusion, Korean adults with missing teeth and
dentists should be cautious about the higher risk of can-
cers, particularly head and neck, lung, gastrointestinal,
hepatobiliary, and pancreatic cancers. In addition, it is
necessary to develop a precise screening program for
these cancers, particularly in populations with missing
teeth.
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