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Purpose Poor oral health is associated with head and neck cancer (HNC). We evaluated whether a national oral health screening
program (OHSP) could reduce the risk of HNC.

Materials and Methods Data from 408,247 healthy individuals aged > 40 years from the National Health Insurance System-National
Health Screening program during 2003 and 2004 in Korea were analyzed. The risk of HNC was compared between subjects who
underwent OHSP (HEALS-Dental+, n=165,292) and routine health check-ups only (HEALS-Dental-, n=242,955). The impact of indi-
vidual oral health-related factors on HNC risk was evaluated in HEALS-Dental+.

Results A total of 1,650 HNC cases were diagnosed. The 10-year HNC-ree rate was 99.684% with a median follow-up of 11 years.
The risk of all HNC (hazard ratio [HR], 1.16; 95% confidence interval [Cl], 1.03 to 1.29; p=0.011) and oropharyngeal cancer (HR, 1.48;
95% Cl, 1.13 to 1.94; p=0.005) was significantly higher in HEALS-Dental- than in HEALS-Dental+. In HEALS-Dental+, oral cavity can-
cer was marginally reduced (p=0.085), and missing teeth was a significant factor for HNC (HR, 1.24; 95% Cl, 1.02 to 1.50; p=0.032).
Toothbrushing was a significant factor in univariate analysis (p=0.028), but not in multivariate analysis (p=0.877).

Conclusion The National OHSP significantly reduced the long-term HNC risk, particularly the incidence of oropharyngeal cancer.
Routine OHSP should be considered at the population level.
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Introduction

Head and neck cancer (HNC) accounts for 1%-2% of all
new cases of cancer and cancer-related mortality in Korea
[1]. Despite the advances in surgery, radiation, and chemo-
therapy, which have led to increased survival of patients
with HNC in recent decades, the crude 5-year survival rate
remains below 70% [1] for all HNC sites combined, warrant-
ing better preventive strategies.

There are several known risk factors for the development
of HNC, such as smoking, alcohol consumption, and human
papillomavirus (HPV) infection [2-5]. Furthermore, the asso-
ciation between poor oral health and risk of HNC has been
reported in several observational studies [5-9]. Poor oral
health factors such as increased tooth loss/defection, few
dental visits, poor tooth brushing, or gum disease, are more
frequently observed in patients with HNC [6,8]. However,
whether improvement of oral health by professional dental

examination and education of individuals can contribute to
reducing the incidence of HNC remains unknown.

The National Health Insurance System (NHIS), contro-
lled by the Korean government, is the sole health insur-
ance provider in Korea, and covers approximately 97% of
Korean citizens. Subjects of the NHIS are encouraged to
undergo standardized medical health examinations every 2
years. The NHIS-National Health Screening (NHIS-HEALS)
cohort is a nationwide medical examination database, in
which biennial standardized health examination is per-
formed for individuals aged 40 years or older [10]. The data-
base includes information on height, weight, laboratory exa-
minations, and a survey on health-related lifestyle factors. A
group of subjects in the cohort additionally participated in
an oral health screening program (OHSP), including dental
examination, education, and recommendations for future
oral health care.

In the current study, we evaluated the impact of profes-
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sional OHSP on reducing the risk of HNC in subjects of the
NHIS-HEALS who underwent OHSP compared to those in
the NHIS-HEALS cohort who did not undergo oral health
examination and education. Furthermore, we investigated

whether the individual oral health-related factors at baseline
affected the risk of HNC.

Materials and Methods

1. Data source and study population

The study population in the current study comprised
individuals who underwent NHIS-HEALS medical health
examination in 2003 and 2004. Follow-up of the cohort con-
tinued until the end of 2015. The cohort contained subjects
aged 40 years or older with no previous diagnosis of HNC.
In this cohort, a group of individuals received additional
OHSP by dental professionals (HEALS-Dental+), whereas
the remaining subjects underwent routine health check-ups
only (HEALS-Dental-). First, HEALS-Dental+ and HEALS-
Dental- were compared in terms of the risk of HNC occur-
rence to evaluate the impact of OHSP. Second, the effect of
baseline oral health factors on HNC was evaluated in the
HEALS-Dental+ group. Patients with a registered diagnosis
of HNC during 2002-2004 from any clinic were excluded to
impose a wash-out period.

2. Oral health screening program

The OHSP protocol begins when the participant visits the
screening institution. The participant visits the institution
and fills out a questionnaire. Filling out the questionnaire
is the process of confirming the oral health awareness and
hygiene behaviors of the participant as well as investigat-
ing the participant’s medical/dental history. Based on the
answers, counseling and oral examination are conducted.
Afterwards, the examination process is completed by provid-
ing necessary oral hygiene instructions. In case of any dental
disease, professional dental care such as caries treatment or
periodontal surgery is recommended by dentists. Combin-
ing these, the dentist makes a comprehensive decision and
informs the patient of the results within 15 days after the

OHSP (Fig. 1).

Oral examination by dentists consists of tooth and peri-
odontal tissue examination with a dental mirror and probe.
Tooth examination examines conditions related to dental
caries as the following: tooth decay or tooth caries (‘yes’ or
no’); suspected interproximal tooth caries (‘yes’ or ‘no’); res-
toration tooth (“yes’ or ‘no’). Periodontal tissue examination
examines missing teeth first. Cases where teeth are lost due
to dental caries and cases requiring restoration of function
through dental restoration are checked. Afterwards, visual
inspection for the presence of gingival inflammation or gin-
gival calculus is performed. Finally, education regarding
appropriate oral hygiene care was provided, and in case of
any dental disease, professional dental care such as caries
control or periodontal surgery was recommended by den-
tists.

3. Endpoint

The primary endpoint of the current study was the HNC-
free rate after the end of the NHIS-HEALS program. The
diagnosis of HNC was confirmed using the International
Classification of Diseases, 10th revision (ICD-10) codes for the
oral cavity (lip, tongue, gum, floor of mouth, palate, buccal,
retromolar trigone), oropharyngeal (base of tongue, lingual
tonsil, soft palate/uvula, tonsil, vallecula), hypopharyngeal,
laryngeal, nasal cavity / paranasal sinus, and nasopharyngeal
cancers (S1 Fig.).

4. Statistical analysis

Statistical analyses were performed using the R software
(ver. 3.3.3, R Foundation for Statistical Computing, Vienna,
Austria; http: //www.r-project.org/). Univariate and multi-
variate analyses were performed using the Cox proportional
hazards model. Kaplan-Meier curves for the HNC-free rate
were generated. The level of statistical significance was set
atp<0.05.

Consulatation

- Consulatation based on
the questionaire

- Medical/dental
history taking

Fill out a questionaire
- Oral health awareness
- Oral hygiene behavior

Fig. 1. Crude summary of the oral health screening protocol.
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Table 1. Incidence of head and neck cancer by site in all patients

Subsite No. (%) (n=408,247)
Oral cavity 382 (0.09)
Oropharynx 253 (0.06)
Hypopharynx 155 (0.04)
Larynx 548 (0.13)
Nasal cavity / Paranasal sinus 142 (0.03)
Nasopharynx 170 (0.04)
Results

A total of 408,247 subjects without missing data on demo-
graphics, socioeconomic status, presence of disability, Charl-
son comorbidity index, smoking history, and alcohol con-
sumption were included in the study. The HEALS-Dental+
and HEALS-Dental- groups included 165,292 and 242,955
individuals, respectively (S2 Fig.).

During the follow-up period, 1,650 HNC cases (0.40%)
were diagnosed. The most prevalent HNC was laryngeal
cancer (548/408,247, 0.13%), followed by cancers of the oral
cavity, oropharynx, nasopharynx, hypopharynx, and nasal
cavity / paranasal sinuses (Table 1). The baseline characteris-
tics of the patients are shown in Table 2. With a median fol-
low-up of 11 years, the 10-year HNC-free rate was 99.684%
for all patients.

In univariate analysis, HEALS-Dental+ showed a sig-
nificantly better HNC-free rate compared to HEALS-Den-
tal- (10-year HNC-free rate, 99.728 vs. 99.654%; p < 0.001)
(Table 2, Fig. 2A). Other significant factors for increased risk
of HNC included older age, male sex, presence of disability,
increased Charlson comorbidity index, smoking history, and
alcohol consumption (all p < 0.001) (Table 2). The detrimental
impact of HEALS-Dental- on HNC persisted in multivaria-
ble analysis (hazard ratio [HR], 1.16; 95% confidence interval
[CI], 1.03 to 1.29; p=0.011) (Table 3). To evaluate the favora-
ble impact of HEALS-Dental+ on individual HNC types,

Table 2. Baseline characteristics of the study population and univariate analysis for the risk of head and neck cancer

No. of 5-Year HNC-free  10-Year HNC-free

Variable No. (%)
Total 408,247 (100)
NHIS-HEALS
HEALS-Dental+ 165,292 (40.5)
HEALS-Dental- 242,955 (59.5)
Age (continuous, mean) 54.4+9.5
Sex
Female 183,652 (45.0)
Male 224,595 (55.0)
Income
5th quintile (highest) 142,827 (35.0)
4th quintile 84,624 (20.7)
3rd quintile 62,248 (15.2)
2nd quintile 55,391 (13.6)
1st quintile (lowest) 61,162 (15.0)
Covered by medical aid 1,995 (0.5)
Disability
No 405,432 (99.3)
Yes 2,815 (0.7)
Charlson comorbidity index 0.5+£0.9
(continuous, mean)
Smoking
Never/Ex-smoker 314,826 (77.1)
Current 93,421 (22.9)
Alcohol consumption
No 234,937 (57.5)
Yes 173,310 (42.5)

-val
events rate (%) rate (%) p-vatue

1,382 99.817 99.684

487 99.849 99.728 <0.001
895 99.795 99.654

<0.001

272 99.920 99.863 <0.001
1,110 99.733 99.535

464 99.824 99.704 0.176
304 99.816 99.663
220 99.816 99.664
168 99.828 99.714
223 99.789 99.650
3 99.943 99.885

1,347 99.822 99.690 <0.001
35 99.072 98.637

<0.001

862 99.847 99.742 <0.001
520 99.715 99.482

650 99.836 99.737 < 0.001
732 99.792 99.612

HEALS, national health screening; HNC, head and neck cancer; NHIS, National Health Insurance System.
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Fig. 2. Kaplan-Meier curves of cancer-free rates for head and neck cancers (A), oropharyngeal cancers (B), and oral cavity cancers (C)

depending on the receipt of national oral health screening program.

we performed further multivariate analyses after adjusting
for the same covariables (Table 4). HEALS-Dental+ showed
a significantly reduced incidence of oropharyngeal cancer
(HR, 1.48; 95% CI, 1.13 to 1.94; p=0.005) (Fig. 2B). Addition-
ally, the risk of oral cavity cancer was marginally reduced in
the HEALS-Dental+ group (HR, 1.21; 95% CI, 0.97 to 1.50;
p=0.085) (Fig. 2C). In contrast, HEALS-Dental+ did not affect
the risk of laryngeal (p=0.543), nasopharyngeal (p=0.156),
hypopharyngeal (p=0.426), and nasal cavity / paranasal sinus
(p=0.793) cancers.

We further evaluated the impact of each oral health-related
factors in the HEALS-Dental+ group (n=165,292). In univari-
ate analysis, the number of missing teeth (p < 0.001) (Fig. 3A)
and toothbrushing (p=0.028) (Fig. 3B) were significant oral
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health-related factors associated with HNC (Table 5). How-
ever, the presence of periodontal disease, dental caries, dental
visits for any reason, or dental visits for professional clean-
ing during the previous year did not affect the risk of HNC
(Table 5). In multivariate analysis, the presence of missing
teeth was the only unfavorable baseline oral health-related
factor affecting the risk of HNC (p=0.032) (Table 6).

Discussion

In the current study, we compared the risk of HNC in
recipients (HEALS-Dental+) versus non-recipients (HEALS-
Dental-) of professional OHSP among 408,247 subjects. De-
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Table 3. Multivariate analysis for the risk of head and neck cancer

Variable HR (95% CI) p-value
NHIS-HEALS
HEALS-Dental+ 1.00 0.011
HEALS-Dental— 1.16 (1.03-1.29)
Sex
Female 1.00 <0.001
Male 3.22 (2.78 -3.74)
Age (continuous) 1.05 (1.05-1.06) <0.001
Income (continuous) 1.00 (0.96-1.03) 0.906
Disability
No 1.00 < 0.001
Yes 1.88 (1.34-2.65)
Carlson comorbidity index (continuous) 1.38 (1.32-1.44) <0.001
Smoking history
Never / Ex-smoker 1.00 <0.001
Current 1.55 (1.38-1.75)
Alcohol consumption
No 1.00 0.098
Yes 1.11 (0.98-1.25)

CI, confidence interval; HEALS, national health screening; HR, hazard ratio; NHIS, National Health Insurance System.

Table 4. Multivariate analysis on increased risk of each head and neck cancer type by not receiving oral health screening

Cancer subsite HR? (95% CI) p-value®
Oral cavity 1.21 (0.97-1.50) 0.085
Oropharynx 1.48 (1.13-1.94) 0.005
Hypopharynx 1.15 (0.82-1.61) 0.426
Larynx 1.06 (0.89-1.26) 0.543
Nasal cavity / Paranasal sinus 0.96 (0.68-1.34) 0.793
Nasopharynx 1.26 (0.92-1.74) 0.156

CI, confidence interval, HEALS, national health screening; HR, hazard ratio. *Risk of cancer in the HEALS-Dental- group compared to the
HEALS-Dental+ group, ®Adjusted for sex, age, income, disability, Carlson comorbidity index, smoking history, and alcohol consumption.

A B
100.0 4 100.0 4
g \ g \
EERE EERE
2® : 2w '
T o T o
[T c o
© = © =
S5 990- B5 90-
T | — e | —o
S >1 S >2
p<0.001 p=0.028
985 T T T T T T 985 T T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Time (yr) Time (yr)
No. at risk No. at risk
0 125,716 124,695 123,567 122,270 120,714 119,142 0-1 25467 25060 24588 24,062 23,494 22926 0
>1 39576 39,073 38,437 37,752 36,978 36,137 >2 139,825 138,708 137,416 135,960 134,198 132,353 0

Fig. 3. Kaplan-Meier curves of head and neck cancer—free rates depending on number of missing teeth (A) and toothbrushing in individu-
als receiving the national oral health screening program (B).
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Table 5. Baseline characteristics of the population receiving oral health screening (HEALS-Dental+) and univariate analysis for risk of

head and neck cancer

Variable No. (%)
Age (continuous, median) 52.848.9
Sex
Male 100,584 (60.9)
Female 64,708 (39.1)
Income
5th quintile (highest) 66,073 (40.0)
4th quintile 33,597 (20.3)
3rd quintile 22,677 (13.7)
2nd quintile 20,441 (12.4)
1st quintile (lowest) 21,924 (13.3)
Covered by medical aid 580 (0.4)
Disability
No 164,376 (99.4)
Yes 916 (0.6)
Charlson comorbidity index 0.5+0.8
(continuous, mean)
Smoking
Never / Ex-smoker 124,425 (75.3)
Current 40,867 (24.7)
Alcohol consumption
No 87,726 (53.1)
Yes 77,566 (46.9)
Oral health
No. of missing teeth
0 125,716 (76.1)
>1 39,576 (23.9)
Tooth brushing (times/day)
0-1 25,467 (15.4)
>2 139,825 (84.6)
Periodontal disease
No 81,572 (49.4)
Yes 83,720 (50.6)
No. of dental caries
0-5 163,668 (99.0)
>6 1,624 (1.0)
Dental visit for any reason
No 94,843 (57.4)
Yes 70,449 (42.6)
Dental visit for professional cleaning
No (< 1/yr) 125,413 (75.9)
Yes 39,879 (24.1)

No. of 5-Year HNC-free  10-Year HNC-free value
events rate (%) rate (%) P
< 0.001
393 99.928 99.865 <0.001
94 99.798 99.638
186 99.852 99.745 0.302
100 99.844 99.723
84 99.840 99.651
53 99.851 99.753
63 99.852 99.730
1 100.000 100.000
476 99.853 99.733 <0.001
11 99.094 98.703
< 0.001
326 99.866 99.757 <0.001
161 99.797 99.636
211 99.868 99.772 < 0.001
276 99.828 99.677
332 99.861 99.753 <0.001
155 99.810 99.644
93 99.785 99.646 0.028
394 99.861 99.742
250 99.833 99.704 0.405
237 99.865 99.751
482 99.850 99.727 >(0.99
5 99.814 99.747
271 99.857 99.732 0.466
216 99.838 99.721
368 99.843 99.726 0.915
119 99.869 99.732

HEALS, national health screening; HNC, head and neck cancer.

spite the very low incidence of HNC, HEALS-Dental+ had a
significantly decreased risk of HNC by 14% during a 10-year
follow-up compared to HEALS-Dental-. Moreover, among
the 165,292 individuals in the HEALS-Dental+ group, we
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observed a significant 25% increase in the risk of HNC in
those with missing teeth at baseline. Although toothbrush-
ing was a significant factor in the univariate analysis, the sig-
nificance diminished after adjusting for other covariates in
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Table 6. Multivariate analysis of oral health-related factors for the risk of head and neck cancer

Variable

Sex
Female
Male
Age (continuous)
Income (continuous)
Disability
No
Yes
Carlson comorbidity index (continuous)
Smoking history
Never/Ex-smoker
Current
Alcohol consumption
No
Yes
Oral health
No. of missing teeth
0
>1
Tooth brushing (times/ day)
0-1
>2
Periodontal disease
No
Yes
No. of dental caries
0-5
>6
Dental visit for any reason
No
Yes
Dental visit for professional cleaning
No (<1/yr)
Yes

HR (95% CI) p-value
1.00 < 0.001
2.77 (2.15-3.57)

1.06 (1.05-1.07) < 0.001
1.00 (0.94-1.06) 0.991
1.00 0.023
2.02 (1.10 -3.70)
1.44 (1.35-1.54) <0.001
1.00 0.054
1.22 (1.00-1.50)
1.00 0.016
1.28 (1.05-1.57)
1.00 0.032
1.24 (1.02-1.50)
1.00 0.877
1.02 (0.81-1.28)
1.00 0.209
0.89 (0.74-1.07)
1.00 0.792
0.89 (0.37-2.15)
1.00 0.932
0.99 (0.81-1.22)
1.00 0.645

1.06 (0.83-1.34)

CI, confidence interval; HR, hazard ratio.

multivariate analysis.

It has been widely acknowledged that chronic inflamma-
tion can lead to cancer development [11]. Periodontitis and
poor oral hygiene have been reported to increase the risk of
various cancer types, including oral and oropharyngeal can-
cers [5-9], as well as cancer mortality [12]. Chang et al. [7]
reported that lack of regular dental visits, less toothbrushing,
gum bleeding, and loss of teeth were positively correlated
with HNC. Similarly, Hashim et al. [8] from the International
Head and Neck Cancer Epidemiology consortium reported
that 12,527 individuals without HNC had significantly fewer
missing teeth, regular dental visits, frequent tooth brushing,
and absence of gingival disease compared to 8,925 HNC

patients. However, in contrast to our study, most of the
reports demonstrating a correlation between poor oral health
status and HNC development are matched case-control stud-
ies involving a single timepoint [5-8]. Therefore, whether oral
health status is a modifiable risk factor for HNC could not
be definitively determined by these previous case-control
series. The significantly reduced risk of HNC in HEALS-
Dental+ group observed in our study might be due to several
contributions of OHSP (Fig. 4). First, meticulous oral health
examination by dentists and management of existing perio-
dontal disease, dental caries, or other morbid conditions may
have ceased further inflammatory damage. Second, educa-
tion concerning appropriate oral health habits such as tooth-
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Improved oral health habits
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Early treatment for periodontitis
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Fig. 4. Summary of the proposed effect of national oral health screening program in reducing head and neck cancer. HPV, human papil-

lomavirus.

brushing, use of dental floss, regular dental visits, smoking
cessation, or reduction in alcohol consumption might have
had a beneficial impact.

The risk reduction associated with OHSP was most nota-
ble for oropharyngeal cancer in our study, with the risk
reduction exceeding 30%. It is well known that the incidence
of HPV-related oropharyngeal squamous cell carcinoma has
been increasing worldwide over the past decades, and cur-
rently accounts for more than two-third of all oropharyn-
geal cancers in developed countries [13]. The proportion of
HPV-positive oropharyngeal cancers has been reported to
be as high 70% [14-16]. Therefore, although our data did not
include information on the HPV status, we assumed that
the majority of oropharyngeal cancer patients in the current
study had HPV infection. Several studies have suggested
a correlation between poor oral health, HPV infection, and
cancer. Tezal et al. [17] indicated that chronic periodontitis,
quantified as mean alveolar bone loss, is correlated with
HPV-related cancers of the tongue base. Although Wiener et
al. [18] failed to demonstrate a positive correlation between
periodontitis and the presence of HPV infection in oral rinse
specimens from 6,000 individuals, Sun et al. [19] demonstrat-
ed a trend for a positive correlation between HPV infection
and poor oral health using the same methodology as Wiener
et al. [18]. Furthermore, in a large population-based case-
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control study, Mazul et al. [20] reported that poor oral health
and absence of routine dental visits were significantly more
prevalent in both HPV-positive and HPV-negative HNC
patients than in controls. The aforementioned hypotheti-
cal benefits of OHSP in the HEALS-Dental+ group in terms
of oral health might have led to a reduction in oral HPV
infection, eventually mitigating the risk of HPV-related oro-
pharyngeal cancers. The risk of oral cavity cancers was also
marginally reduced in the HEALS-Dental+ group, whereas
the risk of cancers at other subsites was not affected. This
observation might be due to the small number of total events,
which was inadequate to demonstrate statistical significance
compared to other established risk factors such as age, smok-
ing, comorbidities, or alcohol consumption.

To the best of our knowledge, this is the first large-scale
nationwide population-based study to evaluate the impact
of OHSP on the risk of future HNC development among
individuals without a history of HNC. However, the current
study has several inherent limitations, such as its retrospec-
tive nature and lack of follow-up for oral health conditions,
health habits such as cigarette smoking and alcohol intake,
and other newly developed comorbidities during the 10-
year follow-up period. Nevertheless, not only can the routine
administration of OHSP reduce the risk of HNC, improved
oral health can also have an impact on occurrence of various
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diseases such as gastrointestinal cancer, major cardiovascu-
lar events, diabetes, and heart disease, as reported by several
groups from Korea using the NHIS-HEALS data [21-24].

In summary, the findings of this study strongly support
the beneficial impact of a population-based OHSP on reduc-
ing the long-term risk of HNC. Significant benefits of OHSP
were noted, especially for oropharyngeal cancers. Therefore,
routine administration of OHSP as part of NHIS-HEALS
should be strongly considered.
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