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Abstract: Cancer survivors remain at life-long risk of developing oral complications. This study
investigated the oral health status and behavior among cancer survivors in comparison to subjects
without a history of cancer using a nationwide survey. Cancer survivors and control subjects were
selected from the sixth Korean National Health and Nutrition Examination Survey (2013–2015).
Survivors reported chewing (34.8%) and speaking difficulties (15.3%) resulting from oral health
problems. More than 36% of survivors had periodontal disease and 15.9% needed dentures.
In multiple logistic regression analysis, age, household income, education level, smoking status,
cancer site, and current cancer status were associated with oral health status. Approximately 43.3%
of cancer survivors brushed their teeth more than three times a day. In addition, 44.9% of survivors
used secondary oral products, and 30.8% had been screened for oral health problems over the past
year. Age, household income and education level were associated with oral health behavior. The oral
health status and behavior excepting periodontal disease and the use of secondary oral products
were not significantly different between cancer survivors and controls. Although oral health status
of cancer survivors was not worse than that of controls, more than half of the survivors maintained
unhealthy oral practices.

Keywords: health behavior; neoplasms; nutrition surveys; oral health; survivors

1. Introduction

Cancer is a major global health problem and its prevalence is increasing worldwide. Based on
GLOBOCAN estimates, a project of the World Health Organization, about 14.1 million new cancer cases
and 8.2 million deaths occurred in 2012 worldwide [1]. With screening programs and improvement in
therapy, cancer survival rate has increased dramatically since the early 1990’s in Korea [2]. Therefore,
an important issue in caring for cancer survivors is how to improve their long-term quality of
life. Many latent clinical disorders can emerge during or after cancer treatment that may attenuate
the survival gains obtained via recent advances in curative-intent therapies. Therefore, long-term
survivorship issues, including those that are related to oral health, are important components of cancer
care and follow-up [3,4].

Oral health complications that are associated with cancer or cancer therapy include oral
mucositis [5,6], infection [7], xerostomia [8], salivary gland dysfunction [9], taste alteration, nutritional
compromise, and abnormal dental development [7]. These complications may affect oral health-related
quality of life [10]. Surgical therapy of the head and neck region also could affect oral function [11]
and it could lead negative psychological impacts [12].

Good oral health is important in maintaining quality of life and overall health. Chronic oral
diseases have the potential to impair survivors’ quality of life after oncological treatment and are
frequently neglected [4]. Further, oral health has a direct and indirect impact on systemic health,
including cancer [13]. Thus, maintenance of good oral health is important for cancer patients.
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Cancer patients were prone to develop oral disease caused by the loss of salivary fluid secretion,
difficulty of cleaning teeth due to mucositis, and limited mouth opening after surgical resection [14].

Despite worldwide recognition of the systemic health effects of cancer, oral health status and
behavior among cancer survivors has not been fully investigated. To date, there are limited data on
oral health status and behavior among cancer survivors. In addition, few studies have investigated
oral self-care and use of dental services by cancer survivors in Korea. Therefore, the current study
investigated oral health status and behavior among adults with a history of cancer utilizing data from
the Korean National Health and Nutrition Examination Survey (KNHANES).

2. Materials and Methods

This study utilized data from the sixth Korean National Health and Nutrition Examination Survey
(KNHANES), conducted from 2013–2015 by the Korean Centers for Disease Control and Prevention
(KCDC). The KNHANES study evaluated health status and related behavior at the national level using
multistage probability sampling methods to select a representative cohort of non-institutionalized
civilians. All of the participants in the survey participated voluntarily and written informed consent
was obtained from all subjects. The Institutional Review Board of the KCDC approved survey protocol.
Additional details about the study design and methods are provided in previous reports [15,16].

A total of 22,948 total subjects participated in this survey. Among them, 14,684 of the 18,034
adults aged 19 or older participated in both the health interview and oral health examination survey.
Cancer survivors were defined as those who answered “yes” to the question, “Have you ever been told
by a doctor that you had cancer?” Cancer survivors were asked about the site of their cancer, age at
diagnosis, and current cancer status. The time since diagnosis was calculated as the difference between
the age at the time of the survey and the age at diagnosis. The current cancer status was defined as
a “yes” response to the question, “Are you currently suffering from cancer?” Control subjects were
defined as subjects who reported no cancer history. Among the total 651 cancer survivors, 11 subjects
with oral/head or neck cancer history were excluded. Sex and age matched controls (1:4) were selected
among non-cancer subjects. Finally, 640 cancer survivors and 2560 controls were selected.

Self-rated oral health, oral health-related difficulties with chewing or speech, periodontal disease,
and denture needs were investigated. Poor self-rated oral health was defined as a “poor” or “very poor”
answer to the question, “How would you rate your oral health?” Chewing and speech difficulties
were defined as a “difficult” or “very difficult” answer to the questions, “Do you have chewing
difficulties due to oral health problems?” and “Do you have speaking difficulties due to oral health
problems?”, respectively. Periodontal disease and denture needs were assessed by oral health
examinations. Oral health examination was performed by well-trained public health dentists at the
mobile examination center. The mouth was divided into sextants (maxillary right posterior, maxillary
anterior, maxillary left posterior, mandibular right posterior, mandibular anterior, and mandibular
left posterior). The periodontal disease was assessed using the community periodontal index (CPI),
with 0 points (healthy), 1 point (bleeding observed, directly or using a mouth mirror, after probing),
2 points (calculus detected during probing, but all of the black band on the probe visible), 3 points
(pocket 4–5 mm, gingival margin within the black band on the probe), and 4 points (pocket 6 mm or
more, black band on the probe not visible). The maximal CPI score of sextants was selected and CPI
score of 3 or 4 was considered to have periodontal disease. The need for dentures was assessed for
maxilla and mandible (with not required, partial denture required or full denture required). If partial
or full denture was needed in either maxilla or mandible, it was considered to have the denture need.

Oral health behavior was assessed by determining daily teeth brushing frequency, use of
secondary oral products, and participation in oral health screenings. Teeth brushing times were
recorded as before or after breakfast, lunch, dinner, after snacks, or before bedtime. The frequency
of daily teeth brushing was calculated by the sum of brushings per day, and recorded as once a day
or less, twice a day, or three or more times a day. Secondary oral products included dental floss,
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mouthwash, interdental brush, and electric toothbrush. The number of total secondary oral product
use was calculated and reported as none, one, or two or more.

Demographic factors and general health behavior were used as covariates: sex, age (19–44, 45–64,
≥65 years), household income, education level (≤elementary school, middle school, ≥high school),
smoking status (never, former, current), drinking frequency (none, ≤once/month, ≥twice/month),
and chronic disease as self-reported by physician diagnosis (no, yes). Chronic diseases included
hypertension, dyslipidemia, stroke, myocardial infarction, angina pectoris, osteoarthritis, rheumatoid
arthritis, pulmonary tuberculosis, asthma, diabetes mellitus, thyroid disease, kidney failure, hepatitis
B, hepatitis C, and liver cirrhosis. Household income was divided into quartiles and categorized as
low, middle-low, middle-high, or high.

General characteristics of cancer survivors and control subjects were presented as numbers and
percentages. Chi-square tests were used to analyze the differences in general characteristics between
groups. Oral health status and behavior between cancer survivors and controls were analyzed by
chi-square tests and multiple logistic regressions. Multiple logistic regression was used to analyze the
factors that were associated with oral health status and behavior among cancer survivors. SAS version
9.2 (SAS Institute, Cary, NC, USA) survey procedure was used to account for the complex sampling
design with p < 0.05 considered to be statistically significant.

3. Results

Household income and education level were not significantly different between cancer survivors
and controls. Current smoking and drinking rates were lower in cancer survivors compared to controls.
Approximately 53% of survivors were more than 5 years from their date of cancer diagnosis and the
most common cancer site was the stomach (Table 1).

Table 1. Characteristics of cancer survivors and control subjects.

Characteristics Self-Reported History
of Cancer (n = 640)

No Reported Cancer
History (n = 2560) p-Value

Sex 1.000
Men 245(38.3) 980(38.3)

Women 395(61.7) 1580(61.7)

Age (years) 1.000
19–44 61(9.5) 244(9.5)
45–64 260(40.6) 1040(40.6)
≥65 319(49.8) 1276(49.8)

Household income 0.834
Low 191(30) 761(29.9)

Middle-low 175(27.5) 658(25.8)
Middle-high 137(21.5) 569(22.4)

High 134(21) 558(21.9)

Education 0.862
≤Elementary school 253(39.8) 1005(40.7)

Middle school 99(15.6) 366(14.8)
≥High school 284(44.7) 1098(44.5)

Smoking status <0.001
Never 402(62.8) 1628(63.6)

Former 184(28.8) 597(23.3)
Current 54(8.4) 334(13.1)

Drinking frequency 0.008
None 295(46.1) 1012(39.5)

≤once/month 148(23.1) 698(27.3)
≥twice/month 197(30.8) 850(33.2)
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Table 1. Cont.

Characteristics Self-Reported History
of Cancer (n = 640)

No Reported Cancer
History (n = 2560) p-Value

Non-cancer, chronic diseases 0.002
No 207(32.3) 992(38.8)
Yes 433(67.7) 1568(61.3)

Age at diagnosis (years)
19–44 161(25.2)
45–64 337(52.7)
≥65 141(22.1)

Time since diagnosis (years)
<1 81(12.7)
<5 219(34.3)
≥5 339(53.1)

Cancer site
Stomach 134(21)

Liver 16(2.5)
Colorectum 73(11.4)

Breast 84(13.2)
Cervix 78(12.2)
Lung 17(2.7)

Thyroid 121(18.9)
Other 116(18.2)

Currently suffering from
cancer

No 363(56.7)
Yes 277(43.3)

Data are expressed as number (%).

Of cancer survivors, 14.8% rated their oral health as “poor”. Chewing and speech difficulties
were reported in 34.8% and 15.3% of cancer survivors, respectively. In addition, 36.6% of survivors
had periodontal disease and 15.9% needed dentures. Only 41.3% of survivors brushed their teeth
three or more times a day. However, 44.9% of survivors used secondary oral products and 30.8%
participated in oral health screenings during the past year. The prevalence of periodontal disease
was significantly low in cancer survivors (adjusted odds ratio (OR) = 0.82, 95% confidence interval
(CI) = 0.67–0.99) and the use of oral health examination was significantly high in cancer survivors
(aOR = 1.23, 95% CI = 1.01–1.50) when compared to controls, respectively (Table 2).

Table 2. Oral health status and behavior among cancer survivors compared to controls without a
cancer history.

Characteristics Self-Reported
History of Cancer

No Reported
Cancer History p-Value

Oral health status

Subjective oral health 0.831
Poor 14.8 15.4
Fair 37.0 37.9

Good 48.1 46.8
aOR (95% CI) for poor oral health a 1.03(0.86–1.23) 1.00

Chewing difficulties due to oral health problems 0.781
No 65.2 64.6
Yes 34.8 35.4

aOR (95% CI) for chewing difficulties a 0.97(0.79–1.17) 1.00
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Table 2. Cont.

Characteristics Self-Reported
History of Cancer

No Reported
Cancer History p-Value

Speech difficulties due to oral health problems 0.660
No 84.7 84.0
Yes 15.3 16.0

aOR (95% CI) for speech difficulties a 0.92(0.71–1.18) 1.00

Periodontal disease 0.032
No 63.4 58.7
Yes 36.6 41.3

aOR (95% CI) for periodontal disease a 0.82(0.67–0.99) 1.00

Denture needs 0.588
No 84.1 84.9
Yes 15.9 15.1

aOR (95% CI) for denture needs a 1.06(0.83–1.36) 1.00

Oral health behavior

Daily teeth brushing frequency 0.610
Once a day or less 16.3 15.8

Twice a day 42.5 40.8
Three or more times a day 41.3 43.4

aOR (95% CI) for teeth brushing ≥3 times a 0.88(0.73–1.06) 1.00

Floss use 0.119
No 83.0 85.4
Yes 17.0 14.6

Mouthwash use 0.704
No 80.0 80.7
Yes 20.0 19.3

Interdental brush 0.792
No 84.1 83.6
Yes 15.9 16.4

Electric toothbrush 0.012
No 94.5 96.6
Yes 5.5 3.4

Use of secondary oral products 0.124
0 55.2 59.3
1 34.1 30.0

2 or more 10.8 10.7
aOR (95% CI) for use a 1.16(0.96–1.42) 1.00

Oral health screening use 0.037
No 69.2 73.3
Yes 30.8 26.7

aOR (95% CI) for oral health screening a 1.23(1.01–1.50) 1.00

aOR, adjusted odds ratio; CI, confidence interval. Data are expressed as %. a Adjusted for household income,
education, smoking status, drinking frequency and chronic disease.

Cancer survivors with lower education levels had significantly higher OR for chewing difficulties
(aOR = 2.01, 95% CI = 1.22–3.31), speech difficulties (aOR = 2.87, 95% CI = 1.44–5.71), periodontal
disease (aOR = 1.76, 95% CI = 1.11–2.81), and denture needs (aOR = 2.26, 95% CI = 1.23–4.17).
Current smoking was associated with periodontal disease (aOR = 2.14, 95% CI = 1.01–4.52). In addition,
periodontal disease and denture needs were associated with a poor oral health rating, chewing and
speech difficulties due to oral health problems (Table 3).
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Table 3. Associated factors with oral health status among cancer survivors.

Characteristics Poor Self-Rated Oral Health Chewing Difficulties Due to Oral
Health Problems

Speaking Difficulties Due to Oral
Health Problems Periodontal Disease Denture Needs

Sex (/women)
Men 1.22(0.64–2.35) 0.94(0.47–1.91) 1.11(0.44–2.83) 1.82(0.95–3.48) 1.01(0.43–2.36)

Age (/19–44 years)
45–64 0.80(0.42–1.53) 1.97(0.79–4.91) 3.04(0.38–24.31) 1.24(0.59–2.58) 3.16(0.69–14.41)
≥65 0.68(0.32–1.42) 2.91(1.10–7.70) 5.57(0.68–45.82) 1.53(0.69–3.39) 5.56(1.17–26.38)

Household income(/high)
Low 2.50(1.44–4.33) 1.66(0.91–3.03) 1.03(0.48–2.23) 1.56(0.90–2.69) 0.97(0.47–2.02)

Middle-low 1.40(0.83–2.34) 0.92(0.51–1.68) 0.74(0.34–1.64) 1.22(0.71–2.07) 1.05(0.51–2.16)
Middle-high 1.43(0.84–2.44) 1.40(0.76–2.58) 0.94(0.40–2.23) 1.21(0.70–2.12) 1.21(0.56–2.62)

Education(/≥high school)
≤elementary school 1.41(0.88–2.26) 2.01(1.22–3.31) 2.87(1.44–5.71) 1.76(1.11–2.81) 2.26(1.23–4.17)

Middle school 0.73(0.42–1.27) 1.56(0.88–2.77) 2.30(1.02–5.18) 1.78(1.05–3.02) 2.31(1.15–4.62)

Smoking status (/never)
Former 1.54(0.85–2.78) 1.42(0.75–2.69) 1.63(0.71–3.75) 1.28(0.71–2.30) 1.35(0.62–2.96)
Current 1.90(0.87–4.16) 1.75(0.78–3.94) 1.53(0.50–4.66) 2.14(1.01–4.52) 1.31(0.51–3.38)

Drinking frequency (/none)
≤once/month 1.37(0.86–2.18) 0.62(0.37–1.05) 0.58(0.29–1.18) 0.77(0.48–1.24) 0.68(0.36–1.31)
≥twice/month 0.88(0.56–1.39) 0.90(0.55–1.45) 0.61(0.32–1.17) 0.76(0.49–1.20) 1.03(0.59–1.81)

Chronic disease (/no)
Yes 0.76(0.50–1.14) 1.18(0.75–1.85) 1.23(0.65–2.32) 0.85(0.57–1.28) 0.89(0.52–1.54)

Time since diagnosis (/<1 years)
<5 1.40(0.78–2.50) 0.68(0.36–1.28) 1.09(0.45–2.68) 0.87(0.48–1.56) 0.62(0.31–1.27)
≥5 1.83(0.97–3.47) 1.26(0.64–2.48) 2.07(0.82–5.22) 0.97(0.51–1.82) 0.64(0.30–1.38)

Cancer site (/stomach)
Liver 1.52(0.48–4.79) 1.12(0.33–3.87) 1.70(0.38–7.53) 1.19(0.39–3.61) 2.15(0.50–9.22)

Colorectum 1.28(0.67–2.46) 1.16(0.59–2.28) 0.63(0.23–1.71) 0.95(0.51–1.77) 2.81(1.28–6.15)
Breast 0.98(0.49–1.95) 0.82(0.37–1.81) 1.80(0.68–4.78) 1.56(0.79–3.06) 1.24(0.44–3.52)
Cervix 1.21(0.60–2.43) 1.82(0.87–3.82) 1.21(0.45–3.21) 0.62(0.30–1.29) 2.13(0.86–5.32)
Lung 0.43(0.12–1.49) 1.47(0.44–4.86) 1.09(0.25–4.82) 0.54(0.16–1.79) 1.30(0.32–5.29)

Thyroid 1.65(0.86–3.14) 2.20(1.09–4.45) 1.51(0.59–3.85) 1.05(0.55–2.00) 2.73(1.17–6.41)
Other 0.97(0.55–1.71) 1.33(0.72–2.44) 1.72(0.79–3.73) 0.87(0.50–1.52) 2.01(0.95–4.25)

Current suffering from cancer (/no)
Yes 2.11(1.34–3.34) 1.39(0.85–2.27) 1.67(0.89–3.14) 0.80(0.51–1.26) 0.79(0.45–1.41)

Periodontal disease (/no)
Yes 1.93(1.34–2.80) 1.51(1.02–2.23) 0.78(0.46–1.31) - -

Denture needs (/no)
Yes 2.86(1.73–4.74) 2.62(1.62–4.23) 1.91(1.07–3.42) - -

Data are expressed as adjusted odds ratios (95% confidence interval).



Int. J. Environ. Res. Public Health 2018, 15, 14 7 of 10

Higher education level was associated with brushing teeth ≥3 times a day (aOR = 2.70, 95% CI =
1.67–4.37), increased use of secondary oral products (aOR = 4.60, 95% CI = 2.79–7.59), and participation
in oral health screening (aOR = 3.15, 95% CI = 1.89–5.23) (Table 4).

Table 4. Associated factors with oral health behavior among cancer survivors.

Characteristics Toothbrushing ≥3
Times a Day

Use of Secondary
Oral Products

Oral Health
Screening Use

Sex (/women)
Men 1.01(0.53–1.94) 0.51(0.26–1.02) 1.95(0.96–3.97)

Age (/≥65 years)
19–44 2.29(1.11–4.72) 1.18(0.55–2.51) 1.41(0.68–2.91)
45–64 1.55(1.01–2.38) 1.48(0.96–2.29) 1.19(0.76–1.87)

Household income(/low)
Middle-low 0.88(0.54–1.42) 1.35(0.82–2.22) 1.35(0.79–2.30)
Middle-high 0.69(0.40–1.17) 1.66(0.95–2.88) 1.47(0.82–2.61)

High 0.68(0.39–1.18) 2.05(1.16–3.61) 1.50(0.84–2.68)

Education (/≤elementary school)
Middle school 1.05(0.61–1.84) 1.14(0.65–2.01) 1.82(1.01–3.28)
≥High school 2.70(1.67–4.37) 4.60(2.79–7.59) 3.15(1.89–5.23)

Smoking status (/current)
Never 1.65(0.76–3.59) 0.47(0.21–1.04) 1.77(0.75–4.17)

Former 0.83(0.41–1.70) 0.54(0.26–1.09) 1.53(0.72–3.27)

Drinking frequency (/≥twice/month)
None 0.99(0.63–1.55) 1.44(0.90–2.31) 1.22(0.76–1.97)

≤once/month 1.17(0.72–1.91) 1.83(1.09–3.07) 0.89(0.53–1.50)

Chronic disease (/yes)
No 0.75(0.50–1.13) 0.69(0.45–1.06) 0.79(0.52–1.20)

Time since diagnosis (/≥5 years)
<1 1.41(0.74–2.69) 1.32(0.68–2.55) 0.71(0.35–1.41)
<5 1.12(0.71–1.77) 0.97(0.60–1.56) 1.33(0.83–2.12)

Cancer site (/stomach)
Liver 1.72(0.55–5.37) 0.53(0.16–1.81) 1.23(0.39–3.89)

Colorectum 1.06(0.56–2.03) 1.39(0.70–2.77) 1.00(0.50–2.03)
Breast 0.79(0.40–1.56) 1.63(0.79–3.33) 1.15(0.54–2.42)
Cervix 0.78(0.39–1.56) 1.84(0.88–3.82) 1.05(0.47–2.35)
Lung 0.41(0.08–2.01) 1.45(0.39–5.37) 1.56(0.43–5.69)

Thyroid 1.17(0.62–2.22) 1.64(0.84–3.20) 1.72(0.87–3.41)
Other 1.01(0.57–1.78) 1.02(0.56–1.86) 0.96(0.52–1.76)

Current suffering from cancer(/yes)
No 1.44(0.91–2.27) 0.81(0.51–1.30) 1.07(0.67–1.71)

Periodontal disease (/no)
Yes 0.77(0.53–1.11) 1.07(0.72–1.59) 0.91(0.61–1.36)

Denture needs (/no)
Yes 1.43(0.89–2.32) 0.98(0.59–1.61) 1.01(0.59–1.74)

Data are expressed as adjusted odds ratios (95% confidence interval).

4. Discussion

Although daily teeth brushing frequencies were not significantly lower in cancer survivors when
compared to non-cancer controls, only less than half of them brushed their teeth more than three
times a day. Daily teeth brushings more than three times a day are generally recommended to people
in Korea [17]. Teeth brushing is a basic self-care behavior that is important in maintaining oral
health [18] and is inversely associated with upper digestive tract cancer risk [19,20], as well as dental
caries. Brushing teeth frequently, therefore, must be taken seriously for overall oral health and cancer
management in daily life.

In the present study, less than half of cancer survivors reported the use of secondary oral products.
To remove plaque in interdental areas, the use of several secondary oral products is recommended.
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Interdental brushing, for example, is more beneficial for plaque and gingivitis prevention than teeth
brushing alone [21]. In our multiple regression analyses among cancer survivors, higher levels of
education and household incomes were positively associated with using secondary oral products.
A lack of information and financial strain might contribute to non-use of these oral products.

Clinically determined oral health status, such as periodontal disease and the needs of denture,
was associated with self-rated oral health, chewing and speaking difficulties that are caused by oral
health problems. These results suggested that clinical exam and care of oral disease might be helpful
for subjective oral health.

Only 30.8% of survivors reported participating in an oral health screening within the 12 months
prior to our study. In previous studies, a common reason for not seeking dental care was lack of
awareness of the need for care among patients with chronic disease [22,23]. In our analysis, higher
education status was associated with a higher OR for oral health screening use. Therefore, cancer
survivors should be educated about the importance of regular and preventive dental care.

The prevalence of periodontal disease was significantly low, and the use of oral health screening
was significantly high in cancer survivors as compared to those of controls. Periodontal disease is
recognized as a possible complication of cancer and it may be exacerbated during cancer therapy [24].
Therefore, dental visits for oral and periodontal examination before and after cancer therapy are
recommended [14]. They might lead to a low prevalence of periodontal disease.

In the present study, 8.4% of survivors were current smokers and 30.8% drank alcohol more
than twice per month. Although the proportion of current smokers in the cancer survivor group was
lower than in the control group, current smoking was associated with periodontal disease. Cigarette
smoking is a well-known risk factor for periodontal disease [25,26] and cancer prognosis [27,28]. Also,
alcohol consumption is associated with periodontitis [29], and it is a risk factor for secondary cancer
or recurrence in cancer patients [30,31]. Because smoking and alcohol drinking are modifiable risk
factors for oral health and cancer, cancer survivors should be made aware of the health risks of these
behaviors and encouraged to make healthy lifestyle choices.

There are several limitations of the present study. First, oral health behavior measurements
were collected by self-reported methods. Social desirability bias may have influenced participants
to over report their health behavior. Secondly, oral health behavior could have been influenced
by the attitude and knowledge of cancer survivors and the physicians who treated them, but we
were not able to assess those. In a previous study, only one-third of cancer survivors indicated that
they believed that cancer had affected their overall health [32]. Also, a majority of oncology nurses
reported receiving less than three hours of oral health-related education or training and did not have a
clinical requirement regarding oral health status assessment during their nursing school education [33].
Third, the oral function, such as salivary flow, could not be investigated due to lack of information.
Another limitation of this study was that the KNHANES-selected subjects utilized non-institutionalized
civilians using cross-sectional design. Therefore, cancer survivors who were admitted to hospitals
and convalescent homes were not eligible to participate in KNHANES. The proportion of long-term
survivors in this study may be higher than that in the general cancer survivor population, which
includes survivors who have shorter survival periods. Finally, information related to cancer treatments
was lacking. Current cancer status and therapy modalities can influence oral health. Also, visiting
physicians for cancer treatment is able to influence oral health behavior through receiving physicians’
recommendations. Nevertheless, the strengths of this study included; this study was performed on
population based nationwide survey and various oral health and behavior were investigated using
interviews and oral health examinations.

5. Conclusions

Overall oral health status of cancer survivors was similar with that of controls, excepting the
periodontal disease and the use of oral health examination. Less than half of cancer survivors
brushed their teeth more than three times per day, used secondary oral products, and had oral
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health examinations. Cancer survivors should be educated about the association between oral health
risks and cancer and the importance of preventive dental care. As some survivors did not utilize regular
dental care, all health care professionals should screen their patients for general health, including oral
health. In addition, health care professionals should also recommend dental care visits and adherence
to good oral health behavior, which might be helpful in combatting their higher risk of oral diseases.

Acknowledgments: This work is supported by the National Research Foundation of Korea (NRF), funded by the
Ministry of Science and ICT (NRF-2015R1A5A2009070).

Conflicts of Interest: The author declares no conflict of interest.

References

1. Torre, L.A.; Bray, F.; Siegel, R.L.; Ferlay, J.; Lortet-Tieulent, J.; Jemal, A. Global cancer statistics, 2012. CA Cancer
J. Clin. 2015, 65, 87–108. [CrossRef] [PubMed]

2. Jung, K.W.; Won, Y.J.; Kong, H.J.; Oh, C.M.; Cho, H.; Lee, D.H.; Lee, K.H. Cancer statistics in Korea: Incidence,
mortality, survival, and prevalence in 2012. Cancer Res. Treat. 2015, 47, 127–141. [CrossRef] [PubMed]

3. Taichman, L.S.; Gomez, G.; Inglehart, M.R. Oral health-related complications of breast cancer treatment:
Assessing dental hygienists’ knowledge and professional practice. J. Dent. Hyg. 2014, 88, 100–113. [PubMed]

4. Amodio, J.; Palioto, D.B.; Carrara, H.H.; Tiezzi, D.G.; Andrade, J.M.; Reis, F.J. Oral health after breast cancer
treatment in postmenopausal women. Clinics 2014, 69, 706–708. [CrossRef] [PubMed]

5. Keefe, D.M.; Schubert, M.M.; Elting, L.S.; Sonis, S.T.; Epstein, J.B.; Raber-Durlacher, J.E.; Migliorati, C.A.;
McGuire, D.B.; Hutchins, R.D.; Peterson, D.E. Updated clinical practice guidelines for the prevention and
treatment of mucositis. Cancer 2007, 109, 820–831. [CrossRef] [PubMed]

6. Sonis, S.T.; Elting, L.S.; Keefe, D.; Peterson, D.E.; Schubert, M.; Hauer-Jensen, M.; Bekele, B.N.;
Raber-Durlacher, J.; Donnelly, J.P.; Rubenstein, E.B. Perspectives on cancer therapy-induced mucosal injury:
Pathogenesis, measurement, epidemiology, and consequences for patients. Cancer 2004, 100, 1995–2025.
[CrossRef] [PubMed]

7. PDQ Supportive and Palliative Care Editorial Board. Oral Complications of Chemotherapy and Head/Neck
Radiation (PDQ(R)): Health Professional Version. In PDQ Cancer Information Summaries; National Cancer
Institute (US): Bethesda, MD, USA, 2002.

8. Jellema, A.P.; Slotman, B.J.; Doornaert, P.; Leemans, C.R.; Langendijk, J.A. Impact of radiation-induced
xerostomia on quality of life after primary radiotherapy among patients with head and neck cancer. Int. J.
Radiat. Oncol. Biol. Phys. 2007, 69, 751–760. [CrossRef] [PubMed]

9. Shiboski, C.H.; Hodgson, T.A.; Ship, J.A.; Schiodt, M. Management of salivary hypofunction during and after
radiotherapy. Oral Surg Oral Med. Oral Pathol. Oral Radiol. Endod. 2007, 103, e1–e19. [CrossRef] [PubMed]

10. Jensen, S.B.; Pedersen, A.M.; Vissink, A.; Andersen, E.; Brown, C.G.; Davies, A.N.; Dutilh, J.; Fulton, J.S.;
Jankovic, L.; Lopes, N.N.; et al. A systematic review of salivary gland hypofunction and xerostomia induced
by cancer therapies: Prevalence, severity and impact on quality of life. Support. Care Cancer 2010, 18,
1039–1060. [CrossRef] [PubMed]

11. Liu, J.C.; Shah, J.P. Surgical technique refinements in head and neck oncologic surgery. J. Surg. Oncol. 2010,
101, 661–668. [CrossRef] [PubMed]

12. Humphris, G.M.; Ozakinci, G. Psychological responses and support needs of patients following head and
neck cancer. Int. J. Surg. 2006, 4, 37–44. [CrossRef] [PubMed]

13. Arigbede, A.O.; Babatope, B.O.; Bamidele, M.K. Periodontitis and systemic diseases: A literature review.
J. Indian Soc. Periodontol. 2012, 16, 487–491. [CrossRef] [PubMed]

14. Wong, H.M. Oral complications and management strategies for patients undergoing cancer therapy.
Sci. World J. 2014, 2014, 581795. [CrossRef] [PubMed]

15. Kim, H.J.; Kim, Y.H.; Cho, K.H.; Han, B.D.; Kim, S.M.; Choi, Y.S.; Kim, D.H.; Do Han, K.; Lee, Y.J.; Kim, C.M.
Oral health behaviors and bone mineral density in South Korea: The 2008–2010 Korean National Health and
Nutrition Examination Survey. J. Bone Miner. Metab. 2016, 34, 225–233. [CrossRef] [PubMed]

16. Park, S.J.; Ko, K.D.; Shin, S.I.; Ha, Y.J.; Kim, G.Y.; Kim, H.A. Association of oral health behaviors and status
with depression: Results from the Korean National Health and Nutrition Examination Survey, 2010. J. Public
Health Dent. 2014, 74, 127–138. [CrossRef] [PubMed]

http://dx.doi.org/10.3322/caac.21262
http://www.ncbi.nlm.nih.gov/pubmed/25651787
http://dx.doi.org/10.4143/crt.2015.060
http://www.ncbi.nlm.nih.gov/pubmed/25761484
http://www.ncbi.nlm.nih.gov/pubmed/24771774
http://dx.doi.org/10.6061/clinics/2014(10)10
http://www.ncbi.nlm.nih.gov/pubmed/26788336
http://dx.doi.org/10.1002/cncr.22484
http://www.ncbi.nlm.nih.gov/pubmed/17236223
http://dx.doi.org/10.1002/cncr.20162
http://www.ncbi.nlm.nih.gov/pubmed/15108222
http://dx.doi.org/10.1016/j.ijrobp.2007.04.021
http://www.ncbi.nlm.nih.gov/pubmed/17560735
http://dx.doi.org/10.1016/j.tripleo.2006.11.013
http://www.ncbi.nlm.nih.gov/pubmed/17379158
http://dx.doi.org/10.1007/s00520-010-0827-8
http://www.ncbi.nlm.nih.gov/pubmed/20237805
http://dx.doi.org/10.1002/jso.21454
http://www.ncbi.nlm.nih.gov/pubmed/20512941
http://dx.doi.org/10.1016/j.ijsu.2005.12.004
http://www.ncbi.nlm.nih.gov/pubmed/17462312
http://dx.doi.org/10.4103/0972-124X.106878
http://www.ncbi.nlm.nih.gov/pubmed/23493942
http://dx.doi.org/10.1155/2014/581795
http://www.ncbi.nlm.nih.gov/pubmed/24511293
http://dx.doi.org/10.1007/s00774-015-0669-z
http://www.ncbi.nlm.nih.gov/pubmed/26031936
http://dx.doi.org/10.1111/jphd.12036
http://www.ncbi.nlm.nih.gov/pubmed/24102096


Int. J. Environ. Res. Public Health 2018, 15, 14 10 of 10

17. Han, K.; Park, J.B. Association between oral health behavior and periodontal disease among Korean adults:
The Korea national health and nutrition examination survey. Medicine 2017, 96, e6176. [CrossRef] [PubMed]

18. Kumar, S.; Tadakamadla, J.; Johnson, N.W. Effect of Toothbrushing Frequency on Incidence and Increment
of Dental Caries: A Systematic Review and Meta-Analysis. J. Dent. Res. 2016, 95, 1230–1236. [CrossRef]
[PubMed]

19. Sato, F.; Oze, I.; Kawakita, D.; Yamamoto, N.; Ito, H.; Hosono, S.; Suzuki, T.; Kawase, T.; Furue, H.;
Watanabe, M.; et al. Inverse association between toothbrushing and upper aerodigestive tract cancer risk in
a Japanese population. Head Neck 2011, 33, 1628–1637. [CrossRef] [PubMed]

20. Chen, H.; Nie, S.; Zhu, Y.; Lu, M. Teeth loss, teeth brushing and esophageal carcinoma: A systematic review
and meta-analysis. Sci. Rep. 2015, 5, 15203. [CrossRef] [PubMed]

21. Poklepovic, T.; Worthington, H.V.; Johnson, T.M.; Sambunjak, D.; Imai, P.; Clarkson, J.E.; Tugwell, P.
Interdental brushing for the prevention and control of periodontal diseases and dental caries in adults.
Cochrane Database Syst. Rev. 2013, Cd009857. [CrossRef] [PubMed]

22. Yoshioka, M.; Shirayama, Y.; Imoto, I.; Hinode, D.; Yanagisawa, S.; Takeuchi, Y.; Bando, T.; Yokota, N.
Factors associated with regular dental visits among hemodialysis patients. World J. Nephrol. 2016, 5, 455–460.
[CrossRef] [PubMed]

23. Aggarwal, A.; Panat, S.R. Oral health behavior and HbA1c in Indian adults with type 2 diabetes. J. Oral Sci.
2012, 54, 293–301. [CrossRef] [PubMed]

24. Epstein, J.B.; Stevenson-Moore, P. Periodontal disease and periodontal management in patients with cancer.
Oral Oncol. 2001, 37, 613–619. [CrossRef]

25. Zee, K.Y. Smoking and periodontal disease. Aust. Dent. J. 2009, 54, S44–S50. [CrossRef] [PubMed]
26. Kinane, D.F.; Chestnutt, I.G. Smoking and periodontal disease. Crit. Rev. Oral Biol. Med. 2000, 11, 356–365.

[CrossRef] [PubMed]
27. Hou, L.; Hong, X.; Dai, M.; Chen, P.; Zhao, H.; Wei, Q.; Li, F.; Tan, W. Association of smoking status with

prognosis in bladder cancer: A meta-analysis. Oncotarget 2017, 8, 1278–1289. [CrossRef] [PubMed]
28. Parsons, A.; Daley, A.; Begh, R.; Aveyard, P. Influence of smoking cessation after diagnosis of early stage lung

cancer on prognosis: Systematic review of observational studies with meta-analysis. BMJ 2010, 340, b5569.
[CrossRef] [PubMed]

29. Van Dyke, T.E.; Sheilesh, D. Risk factors for periodontitis. J. Int. Acad. Periodontol. 2005, 7, 3–7. [PubMed]
30. McLaughlin, V.H.; Trentham-Dietz, A.; Hampton, J.M.; Newcomb, P.A.; Sprague, B.L. Lifestyle factors and

the risk of a second breast cancer after ductal carcinoma in situ. Cancer Epidemiol. Biomark. Prev. 2014, 23,
450–460. [CrossRef] [PubMed]

31. Kwan, M.L.; Kushi, L.H.; Weltzien, E.; Tam, E.K.; Castillo, A.; Sweeney, C.; Caan, B.J. Alcohol consumption
and breast cancer recurrence and survival among women with early-stage breast cancer: The life after cancer
epidemiology study. J. Clin. Oncol. 2010, 28, 4410–4416. [CrossRef] [PubMed]

32. Schultz, P.N.; Beck, M.L.; Stava, C.; Vassilopoulou-Sellin, R. Health profiles in 5836 long-term cancer
survivors. Int. J. Cancer. 2003, 104, 488–495. [CrossRef] [PubMed]

33. Perry, A.D.; Iida, H.; Patton, L.L.; Wilder, R.S. Knowledge, Perceived Ability and Practice Behaviors
Regarding Oral Health among Pediatric Hematology and Oncology Nurses. J. Dent. Hyg. 2015, 89, 219–228.
[PubMed]

© 2017 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/MD.0000000000006176
http://www.ncbi.nlm.nih.gov/pubmed/28207558
http://dx.doi.org/10.1177/0022034516655315
http://www.ncbi.nlm.nih.gov/pubmed/27334438
http://dx.doi.org/10.1002/hed.21649
http://www.ncbi.nlm.nih.gov/pubmed/21259377
http://dx.doi.org/10.1038/srep15203
http://www.ncbi.nlm.nih.gov/pubmed/26462879
http://dx.doi.org/10.1002/14651858.CD009857.pub2
http://www.ncbi.nlm.nih.gov/pubmed/24353078
http://dx.doi.org/10.5527/wjn.v5.i5.455
http://www.ncbi.nlm.nih.gov/pubmed/27648409
http://dx.doi.org/10.2334/josnusd.54.293
http://www.ncbi.nlm.nih.gov/pubmed/23221154
http://dx.doi.org/10.1016/S1368-8375(01)00025-2
http://dx.doi.org/10.1111/j.1834-7819.2009.01142.x
http://www.ncbi.nlm.nih.gov/pubmed/19737267
http://dx.doi.org/10.1177/10454411000110030501
http://www.ncbi.nlm.nih.gov/pubmed/11021635
http://dx.doi.org/10.18632/oncotarget.13606
http://www.ncbi.nlm.nih.gov/pubmed/27902481
http://dx.doi.org/10.1136/bmj.b5569
http://www.ncbi.nlm.nih.gov/pubmed/20093278
http://www.ncbi.nlm.nih.gov/pubmed/15736889
http://dx.doi.org/10.1158/1055-9965.EPI-13-0899
http://www.ncbi.nlm.nih.gov/pubmed/24403528
http://dx.doi.org/10.1200/JCO.2010.29.2730
http://www.ncbi.nlm.nih.gov/pubmed/20805458
http://dx.doi.org/10.1002/ijc.10981
http://www.ncbi.nlm.nih.gov/pubmed/12584748
http://www.ncbi.nlm.nih.gov/pubmed/26304946
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

