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Summary
Background There is a strong connection between oral health and overall wellness. We aim to examine the associa-
tion between poor oral health and the risk of developing or dying of cancer, and whether the association differs by
residential area.

Methods Between 2004 and 2008, a total of 510,148 adults free of cancer were included from the China Kadoorie
Biobank study and thereafter followed up to 2015. Poor oral health was assessed from a self-reported baseline ques-
tionnaire and defined as a combination of rarely brushing teeth and always gum bleeding. We used Cox proportional
hazards models to estimate the hazard ratio (HR) of cancer risk and its associated 95% confidence interval (CI)
according to oral health status.

Findings Overall, 14.9% of participants (19.7% in rural areas and 8.8% in urban areas) reported poor oral health at
baseline. After 4,602,743 person-years of follow-up, we identified 23,805 new cancer cases and 11,973 cancer deaths,
respectively. Poor oral health was associated with higher risks of total cancer incidence (HR: 1.08, 95% CI: 1.04
−1.12) and death (HR: 1.10, 95% CI: 1.05−1.16). For the site-specific cancers, poor oral health was significantly asso-
ciated with higher risk of stomach cancer incidence (cases: 2964, HR: 1.10, 95% CI: 1.00−1.22), esophageal cancer
incidence (cases: 2119, HR: 1.19, 95% CI: 1.07−1.33), esophageal cancer death (cases: 1238, HR: 1.29, 95% CI: 1.12
−1.49), liver cancer incidence (cases: 2565, HR: 1.18, 95% CI: 1.06−1.32), and liver cancer death (cases: 1826, HR:
1.20, 95% CI: 1.05−1.36). This positive association was stronger among rural residents compared to urban residents
(interaction test P < 0.01).

Interpretation Our findings indicate that poor oral health is associated with higher risk for cancers, especially diges-
tive system cancers. Promotion of oral health in the general population, especially for rural residents, could have
valuable public health significance in preventing major systemic diseases.
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Introduction
Poor oral health is a major public health problem affect-
ing over 3.5 billion people across the world.1 Dental
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health conditions can affect not only the oral cavity but
also a person’s general quality of life and the ability to
eat and speak. There is a strong connection between
oral health and overall wellness. In many low-income
and middle-income areas, oral diseases remain a
neglected and largely untreated issue because treatment
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Research in context

Evidence before this study

We searched PubMed, OVID, and China National Knowl-
edge Infrastructure for studies published in English and
Chinese, with no restrictions on publication date. We
used the search terms “oral health”, or “oral hygiene”, or
“toothbrushing”, or “gum bleeding” and “cancer”, or
“neoplasms”, and found little reliable prospective evi-
dence available in non-white populations about the
associations of oral health with cancer risks.

Added value of this study

In a large population-based cohort including 510,148
Chinese general participants from urban and rural who
were free of cancer at enrolment, we found nearly 10%
higher risks for both total cancer incidence and death
among participants who rarely/never brushed teeth ver-
sus those with normal oral health. This positive associa-
tion was stronger among rural residents compared to
urban residents. We also found that participants who
rarely or never brushed teeth had a higher risk of stom-
ach and esophageal cancer, while those with gum
bleeding had a higher risk of liver cancer.

Implications of all the available evidence

Poor oral health is associated with higher risks of both
cancer incidence and mortality. Moreover, poor oral
health can have different impacts on different types of
cancer. Promotion of oral health in the general popula-
tion, especially for rural residents, may help reduce the
risk of cancer.

Articles

2

costs exceed available resources.2 According to the
Fourth National Oral Health Survey of China, almost
90% of Chinese adults suffered from periodontal dis-
ease of various severities.3 However, the knowledge, atti-
tudes and practices of periodontal health are generally
poor, with less than 20% of Chinese adults being
knowledgeable about periodontal disease, especially in
rural residents.4

Common oral diseases and conditions include dental
cavities, gingivitis and periodontal disease. Poor oral
hygiene, such as not brushing teeth properly or regu-
larly, is a leading contributor to oral diseases. Oral dis-
eases or inadequate oral hygiene is associated with a
variety of serious health issues, such as cardiovascular
diseases (CVD),5−8 diabetes,9 liver diseases,10 pulmo-
nary disease,11 and cancer,12 although few large-scale
epidemiologic studies on periodontal disease and inci-
dent cancer exist.13 Recently, the China Kadoorie Bio-
bank (CKB) cohort of 0.5 million participants has
provided new evidence that less frequent toothbrushing
is associated with a higher risk for vascular events and
nonvascular disease such as cancer.5 However, because
cancer is a heterogeneous disease, poor oral health can
have different impacts on different types of cancer.
Also, previous studies conducted in western countries
have reported strong relationships between gum disease
and pancreatic14,15 and oropharyngeal cancer,16 but
these results may not be generalizable to non-white pop-
ulations given the cancer disparity between different
population groups. For example, periodontitis and
edentulism were not associated with cancer risk among
black adults.17 In short, few prospective non-white
cohorts have comprehensively examined site-specific
cancers.

In the present study, we assess the association
between oral health status and risks of total and site-spe-
cific cancers based on a large prospective cohort of Chi-
nese adults. In addition, we explore potential effect
modification by residential area.
Methods

Study population
CKB is a prospective cohort study of 512,726 adults aged
30−79 years from ten geographically diverse areas
across China. Details of its study design have been
described elsewhere.18−20 Briefly, trained health work-
ers administered a laptop-based questionnaire on socio-
demographic characteristics, dietary and lifestyle
factors, personal health and medical histories, and mea-
sured anthropometric indexes at baseline. Participants
were enrolled between 2004 and 2008, and have been
followed up subsequently for assessment of morbidities
and mortality. The study protocol was approved by the
ethics review committee of the Chinese Centers for Dis-
ease Control and Prevention (Beijing, China) and the
Oxford Tropical Research Ethics Committee, University
of Oxford (Oxford, United Kingdom). Institutional
review boards at all participating centers approved the
study. All participants gave informed consent before
taking part in the study.19 This study followed the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guidelines.

In this investigation, we excluded 2578 patients who
reported a medical history of cancer at baseline, and per-
formed the final analyses on 209,236 men and 300,912
women. Analyses used CKB data release 17.02.
Assessment of oral health status and other baseline
characteristics
Baseline oral health status was determined by the ques-
tion “How often do your gums bleed when you brush
your teeth?” with four mutually exclusive answers: (a)
occasionally, rarely or never; (b) sometimes; (c) always;
(d) rarely or never brush teeth. Individual with gum
bleeding occasionally or sometimes may have incorrect
brushing technique or brush teeth too vigorously.
Therefore, we consider answers a or b as an indicator of
www.thelancet.com Vol 45 Month March, 2022
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normal oral health and answers c or d as an indicator of
poor oral health. To test the reproducibility of the
answers, we included 1315 participants who completed
the same questionnaire twice at an interval of less than
1.5 years, and got an acceptable internal consistency
(Kappa = 0.598, Supplemental Table S1).

Information on demographics, dietary intake, physi-
cal activity, weight, height, smoking and alcohol drink-
ing habits, family history of cancer, and other exposures
was collected from the baseline questionnaire. Body
weight and height were measured by trained staff using
calibrated instruments. Body mass index (BMI) was
estimated as weight in kilograms divided by height in
meters squared. Self-reported smoking status was vali-
dated using an exhaled carbon monoxide test.21 Self-
reported alcohol consumption was estimated as grams
of pure alcohol per week based on beverage type,
amount consumed per occasion and drinking fre-
quency.22 Physical activity levels were estimated by mul-
tiplying the energy expenditure in metabolic equivalent
tasks (MET) measured in hours per day of each activity
by hours spent on the activity and summing the values
of all activities in MET hours a day (MET hr/day).23
Follow-up and outcome measures
Long-term follow-up for outcome data was done
through active follow-up, as well as by electronic linkage
to three systems: (1) mortality registries in each study
region; (2) morbidity registries for cancer in each study
region; and (3) the new nationwide health insurance sys-
tem covering about 98% of the CKB participants.
Detailed information about each hospital admission,
including dates of admission and discharge, description
and International Classification of Disease 10th Revi-
sion (ICD-10) code of the condition, and detailed proce-
dure codes were collected and processed.19 By
December 31, 2015, 37,881 participants (7.4%) had died,
and only 3903 (0.76%) were lost to follow up in the
CKB cohort.

The primary outcomes of this study were incidence
and death from any cancer (ICD-10: C00-C97). We fur-
ther analyzed the 10 most common cancer types in the
CKB cohort,24 including lung (C33-C34), female breast
(C50), stomach (C16), esophageal (C15), liver (C22),
colorectal (C18-C20), cervis uteri (C53), pancreas (C25),
head and neck (C00-C14), leukemia and lymphoma
(C91-C95, C81-C85).
Statistical analysis
Person-years were calculated from the date of entry into
the cohort until the date of first cancer diagnosis (for
incidence), death due to cancer (for mortality), death
due to other causes, lost to follow-up (for censoring), or
the end of the observation period at 31 December 2015,
whichever came first. We used unadjusted and adjusted
www.thelancet.com Vol 45 Month March, 2022
Cox proportional hazard regression models to estimate
hazard ratios (HRs) and their 95% confidence intervals
(CIs) for cancer risk according to oral health status (i.e.
rarely brushing teeth, gum always bleeding, or both).
Covariates in the adjusted models included age (contin-
uous), sex (male or female), BMI (continuous), study
site (10 geographical areas), education level (no formal
school, primary or middle school, or high school and
above), marital status (married or other), household
income per year (< <10,000, <10,000−19,999,
<20,000−34,999, or ≥ <35,000), alcohol consump-
tion (non-drinker, occasional drinker, former drinker,
or regular drinker), smoking status (never smoker, occa-
sional smoker, former smoker, or regular smoker),
physical activity in MET hr/day (continuous), aspirin
prescription for CVD (no, yes, or missing), menopausal
status (for women only, premenopausal, perimen-
opausal, or postmenopausal), personal history of diabe-
tes (no or yes), and family history of cancer (no or yes).
Schoenfeld’s goodness-of-fit test was used to assess the
proportional hazards assumption for the Cox regression
models.25 Age-adjusted incidence and survival curves
were presented to compare the cumulative cancer inci-
dence or mortality between the normal oral health
group and the poor oral health group.

We further examined the associations of oral health
status with total cancer incidence or mortality among
pre-specified baseline subgroups based on age, sex,
menopausal status, BMI, study region, annual house-
hold income, smoking status, alcohol drinking, aspirin
prescription, history of diabetes and family history of
cancer, adjusted for similar covariates. We also carried
out analyses for site-specific cancers and examined
potential effect modification by residential status (rural
versus urban). Tests for interaction were performed
using the Wald test for the cross product interaction
term. Moreover, to examine the robustness of our find-
ings, we performed sensitivity analyses by a) excluding
participants who developed cancer (N = 7730) or died
from cancer (N = 5236) during the first 2 years of fol-
low-up; and b) conducting competing risk regression
analyses using the method proposed by Fine and
Gray,26 where death from other causes was considered
as a competing event.

All statistical analyses were conducted using the SAS
software (version 9.4; SAS Institute, Cary, NC, USA)
and Stata (version 14; StataCorp, College Station, TX,
USA). All statistical tests were two-tailed, and the signif-
icance level was set at the 5% level.
Role of funding sources
The funders of this study had no role in study
design, data collection, data analysis, data interpreta-
tion, or writing of the manuscript. This manuscript
was not prepared in collaboration with investigators
of the CKB and does not necessarily reflect the
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opinions or views of the CKB, the KCF, or the insti-
tutions participating in the CKB.
Results

Participants characteristics
The present study included 510,148 participants with a
median age of 51 years at baseline (Table 1). Overall,
14.9% of the participants reported having poor oral
health (5.3% always gum bleeding, 9.5% rarely or never
brushed teeth). Compared to participants with normal
Characteristics Overall Nor

Participant, N 510,148 434

Age (year), median (range) 51 (30−80) 51 (

Sex, N (%)

Men 209,236 (41.01) 176

Women 300,912 (58.99) 257

Baseline BMI (mean § SD, kg/m2) 23.66§3.38 23.7

Study site a

Urban 224,769 (44.06) 205

Rural 285,379 (55.94) 229

Marital status

Currently married 462,219 (90.6) 396

Other 47,929 (9.40) 37,8

Educational levels

No formal school 94,729 (18.57) 73,0

Primary or middle school 164,277 (32.20) 138

High school and above 251,142 (49.23) 223

Household income, < per year

< <10,000 143,993 (28.23) 112

<10,000−19,999 148,179 (29.05) 125

<20,000−34,999 126,078 (24.71) 113

≥ <35,000 91,898 (18.01) 83,8

Physical activity (MET hr/day) b 17.53 (10.38, 30.08) 17.8

Smoking status

Never smoker 315,830 (62.01) 270

Former smoker 42,909 (8.42) 35,2

Occasional smoker 22,815 (4.48) 18,8

Regular smoker 127,785 (25.09) 109

Alcohol drinking

Non-drinker 233,761 (45.82) 203

Former drinker 9083 (1.78) 792

Occasional drinker 174,008 (34.11) 142

Regular drinker 93,296 (18.29) 80,8

Red meat

Rarely or never 149,196 (29.25) 136

<1 day/month 91,476 (17.93) 83,2

1−3 days/week 181,266 (35.53) 154

4−6 days/week 63,861 (12.52) 45,3

Daily 24,349 (4.77) 14,7

Vegetable

Table 1 (Continued)
oral health, participants who rarely or never brushed
their teeth were more likely to be older, males, rural res-
idents, less educated, with low income, with low BMI,
smokers or alcohol drinkers, and postmenopausal if
they were females. Baseline characteristics were similar
between participants with their gums always bleeding
and those with normal oral health.
Oral health status and total cancer risk
After a total of 4602,743 person-years (median of
9.17 years and range: 0.1»11.5 years) of follow-up, we
mal Gum bleeding Rarely or never
brush teeth

,254 27,218 48,676

30−80) 47 (30−78) 60 (30−80)

,849 (40.72) 7831 (28.77) 24,556 (50.45)

,405 (59.28) 19,387 (71.23) 24,120 (49.55)

§ 3.36 23.75§3.31 23.21§3.58

,000 (47.21) 14,062 (51.66) 5707 (11.72)

,254 (52.79) 13,156 (48.34) 42,969 (88.28)

,437 (91.29) 25,295 (92.93) 40,487 (83.18)

17 (8.71) 1923 (7.07) 8189 (16.82)

26 (16.82) 4737 (17.40) 16,966 (34.85)

,000 (31.78) 7536 (27.69) 18,741 (38.50)

,228 (51.40) 14,945 (54.91) 12,969 (26.64)

,159 (25.83) 7392 (27.16) 24,442 (50.21)

,135 (28.82) 7590 (27.89) 15,454 (31.75)

,120 (26.05) 6966 (25.59) 5992 (12.31)

40 (19.31) 5270 (19.36) 2788 (5.73)

(10.67, 30.24) 20.7 (12.22, 32.67) 13.18 (8.4, 25.26)

,300 (62.34) 20,081 (73.90) 25,449 (52.36)

19 (8.12) 2177 (8.01) 5513 (11.34)

69 (4.35) 1376 (5.06) 2570 (5.29)

,170 (25.18) 3539 (13.02) 15,076 (31.02)

,298 (46.82) 12,599 (46.29) 17,864 (36.70)

8 (1.83) 308 (1.13) 847 (1.74)

,157 (32.74) 9725 (35.73) 22,126 (45.46)

71 (18.62) 4586 (16.85) 7839 (16.10)

,211 (31.37) 9292 (34.14) 3693 (7.59)

14 (19.16) 4581 (16.83) 3681 (7.56)

,681 (35.62) 9677 (35.55) 16,908 (34.74)

72 (10.45) 2600 (9.55) 15,889 (32.64)

76 (3.40) 1068 (3.92) 8505 (17.47)
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Characteristics Overall Normal Gum bleeding Rarely or never
brush teeth

Rarely or never 483,463 (94.77) 412,537 (95.00) 25,933 (95.28) 44,993 (92.43)

<1 day/month 18,004 (3.53) 14,886 (3.43) 880 (3.23) 2238 (4.60)

1−3 days/week 7161 (1.40) 5829 (1.34) 334 (1.23) 998 (2.05)

4−6 days/week 1393 (0.27) 905 (0.21) 66 (0.24) 422 (0.87)

Daily 127 (0.02) 97 (0.02) 5 (0.02) 25 (0.05)

Fruit

Rarely or never 95,880 (18.79) 87,175 (20.07) 6136 (22.54) 2569 (5.28)

<1 day/month 47,746 (9.36) 43,146 (9.94) 2801 (10.29) 1799 (3.70)

1−3 days/week 160,630 (31.49) 142,838 (32.89) 8866 (32.57) 8926 (18.34)

4−6 days/week 173,310 (33.97) 138,506 (31.90) 7872 (28.92) 26,932 (55.33)

Daily 32,582 (6.39) 22,589 (5.20) 1543 (5.67) 8450 (17.36)

Aspirin Prescription 5344 (1.05) 4363 (1.00) 246 (0.90) 735 (1.51)

Menopause status c

Premenopausal 128,510 (25.19) 113,942 (26.24) 10,681 (39.25) 3887 (7.99)

Perimenopausal 14,768 (2.90) 12,889 (2.97) 1022 (3.76) 857 (1.76)

Postmenopausal 157,587 (30.89) 130,529 (30.06) 7682 (28.23) 19,376 (39.81)

History of diabetes 30,007 (5.88) 25,356 (5.84) 1468 (5.39) 3183 (6.54)

Table 1: Baseline characteristics of study participants by oral health status in the CKB study.
BMI: body mass index; SD: standard deviation; MET: metabolic equivalent of task.

a 2.54% urban residents and 15.06% rural residents rarely or never brushed teeth, respectively.
b median (the 25th quartile, the 75th quartile).
c in women only.
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identified 23,805 new cancer cases and 11,973 cancer
deaths, respectively. We observed significantly higher
risks of both incident cancer (adjusted HR: 1.08, 95%
CI: 1.04 to 1.12, Table 2 and Figure 1A) and cancer death
(adjusted HR: 1.10, 95% CI: 1.05 to 1.16) in participants
with poor oral health (Table 2 and Figure 1B). These
results were consistent with the results from the crude
models (Supplemental Table S2). Over 10% higher risks
of cancer incidence (adjusted HR: 1.12, 95% CI: 1.07 to
1.17) and cancer mortality (adjusted HR: 1.11, 95% CI:
1.05 to 1.18) were observed in participants who rarely/
never brushed teeth versus those with normal oral
health. No significant association was observed between
gum always bleeding and total cancer incidence or death
(Supplemental Table S2). Sensitivity analyses by exclud-
ing cancer cases or deaths within the first 2 years and
considering competing risks from deaths of other
causes did not alter the results substantially (Supple-
mental Table S2).
Oral health status and site-specific cancer risk
Poor oral health was associated with higher incidence
risks for stomach (adjusted HR: 1.10, 95% CI: 1.00 to
1.22), esophageal (adjusted HR: 1.19, 95% CI: 1.07 to
1.33), and liver (adjusted HR: 1.18, 95% CI: 1.06 to 1.32),
respectively (Table 2). Cancer site-specific mortality for
esophageal (adjusted HR: 1.29, 95% CI: 1.12−1.49), and
liver (adjusted HR: 1.20, 95% CI: 1.05−1.36) was also
elevated among those with poor oral health, respectively
www.thelancet.com Vol 45 Month March, 2022
(Table 2). In contrast, poor oral health was associated
with a lower HR of incident colorectal cancer (adjusted
HR: 0.83; 95% CI: 0.73−0.93, Table 2). No statistically
significant associations were observed for cancer risk of
the lung, female breast, cervix uteri, pancreas, head and
neck, or leukemia and lymphoma (Table 2). Compared
with participants with normal oral health, those who
rarely or never brushed teeth had higher risks of stom-
ach and esophageal cancer, while those with gum bleed-
ing had a higher risk of liver cancer (Table 2).
Subgroup analyses
The association between poor oral health and risk of
total cancer incidence was stronger in rural residents
(adjusted HR: 1.18, 95% CI: 1.13−1.23) than in urban
residents (adjusted HR: 1.00, 95% CI: 0.91−1.06, P-
value for interaction < 0.001, Figure 2). This modifying
effect of residential status was also seen for total cancer
mortality (P = 0.002) (Figure 3). The positive associa-
tions between poor oral health and total incidence or
mortality were generally similar across subgroups strati-
fied according to age, sex, menopause status, annual
household income, smoking status, alcohol consump-
tion, aspirin use, history of diabetes, or family history of
cancer (P-values for interaction all > 0.05, Figures. 4
and 5).

For esophageal and stomach cancer, the associations
of poor oral health with risk of cancer incidence and
mortality existed only in rural residents but not in urban
5



Cancer site Cases/ Incidence
ratea

Casesb Cancer Incidence, adjusted HR (95% CI)c

Poor oral health Gum bleeding Rarely or never
brush teeth

Total cancer 23,805/5.23 19,367/958/3480 1.08 (1.04−1.12) 1.00 (0.94−1.07) 1.12 (1.07−1.17)

Lung 5007/1.09 4160/163/684 1.04 (0.95−1.13) 1.00 (0.86−1.18) 1.05 (0.95−1.15)

Breast (females) 2025/0.74 1781/131/113 0.97 (0.84−1.12) 0.96 (0.80−1.15) 0.98 (0.79−1.22)

Stomach 2964/0.64 2253/101/610 1.10 (1.00−1.22) 1.00 (0.82−1.23) 1.13 (1.01−1.27)

Esophageal 2119/0.46 1178/37/904 1.19 (1.07−1.33) 0.72 (0.52−1.00) 1.27 (1.13−1.43)

Liver 2565/0.56 2034/136/395 1.18 (1.06−1.32) 1.56 (1.31−1.86) 1.04 (0.91−1.19)

Colorectal 2678/0.58 2331/97/250 0.83 (0.73−0.93) 0.87 (0.71−1.07) 0.80 (0.69−0.93)

Cervis uteri 987/0.36 886/50/51 0.92 (0.74−1.15) 1.04 (0.78−1.40) 0.81 (0.59−1.11)

Pancreas 706/0.15 585/26/95 0.94 (0.76−1.17) 0.89 (0.60−1.33) 0.96 (0.75−1.24)

Head & neck 614/0.13 536/28/50 1.09 (0.84−1.41) 1.08 (0.73−1.58) 1.10 (0.79−1.54)

Leukemia and lymphoma 1239/0.27 1080/51/108 0.86 (0.71−1.03) 0.97 (0.73−1.29) 0.80 (0.63−1.00)

Cancer site Deaths/

Mortality ratea
Deathsb Cancer Mortality, adjusted HR (95% CI)b

Poor oral health Gum bleeding Rarely or never

brush teeth

Total cancer 11,973/2.60 9272/419/2282 1.10 (1.05−1.16) 1.07 (0.97−1.18) 1.11 (1.05−1.18)

Lung 3213/0.70 2637/91/485 1.01 (0.91−1.11) 0.95 (0.77−1.18) 1.02 (0.91−1.14)

Breast (females) 262/0.10 217/17/28 1.22 (0.86−1.73) 1.18 (0.72−1.94) 1.25 (0.78−1.99)

Stomach 1594/0.35 1159/48/387 1.12 (0.98−1.27) 1.01 (0.75−1.35) 1.14 (0.99−1.32)

Esophageal 1238/0.27 679/26/533 1.29 (1.12−1.49) 0.98 (0.66−1.46) 1.34 (1.16−1.56)

Liver 1826/0.40 1413/89/324 1.20 (1.05−1.36) 1.50 (1.21−1.87) 1.10 (0.94−1.27)

Colorectal 855/0.19 715/28/112 0.90 (0.73−1.10) 0.87 (0.59−1.29) 0.91 (0.72−1.15)

Cervis uteri 158/0.06 134/11/13 1.23 (0.77−1.96) 1.62 (0.87−3.04) 0.97 (0.52−1.83)

Pancreas 500/0.11 409/17/74 0.94 (0.73−1.21) 0.80 (0.49−1.33) 0.99 (0.75−1.33)

Head & neck 171/0.04 140/7/24 1.17 (0.76−1.81) 1.12 (0.52−2.41) 1.19 (0.72−1.99)

Leukemia and lymphoma 400/0.09 347/12/41 0.78 (0.57−1.08) 0.70 (0.39−1.25) 0.82 (0.56−1.20)

Table 2: Associations between oral health status and risk of total and site-specific cancer in the CKB cohort.
a Incidence or mortality rate per 1000 person-years.
b The number of cases or deaths in normal oral health group/gum bleeding group/ rarely or never brushing teeth group.
c The reference category was “Normal oral health”. Cox regression model was adjusted for age (continuous), sex (male, female), body mass index (BMI, con-

tinuous), study sites (10 sites), education level (no formal school, primary or middle school, high school and above), marital status (married, other), household

income per year (< <10,000, <10,000−19,999, <20,000−34,999, or ≥ <35,000), alcohol consumption (non-drinker, occasional drinker, former drinker, or

regular drinker), smoking status (never smoker, occasional smoker, former smoker, or regular smoker), physical activity in metabolic equivalent tasks (MET)

hours a day (continuous), aspirin prescription for CVD (no, yes, or missing), menopausal status (pre-menopausal or post-menopausal, women only), personal

history of diabetes (no, yes), and family history of cancer (no, yes). The HRs for poor oral health, gum bleeding and rarely or never brush teeth were calculated

according to independent models.
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residents (Supplemental Tables S3 and S4). For liver
and colorectal cancer, no significant interaction factors
were detected for cancer incidence or mortality (Supple-
mental Tables S5 and S6).
Discussion
In this large-scale prospective cohort study, we found
that poor oral health, compared to normal oral health,
was significantly associated with higher risks of both
cancer incidence and mortality. The association was
stronger for cancers of the digestive system, such as
esophageal, stomach and liver. Furthermore, we found
that residential status modified the associations of poor
oral health with cancer risk. The above findings were
also robust according to various sensitivity analyses.
The positive association between poor oral health
and total cancer risk observed here is consistent with
findings from previous cohort studies, including studies
conducted in Japan,27 U.S.,12,16,17,28,29 Sweden30 and
China.5 Although different studies used different surro-
gate markers (e.g. periodontal disease, tooth number or
tooth brushing) as indicators of poor oral health, all the
above studies suggested a positive link between oral
health status and overall cancer risk.

Our findings also agree with prior evidence showing
different risks of poor oral health status on different
site-specific cancers. In the U.S. Health Professionals
Follow-Up Study, periodontal disease was associated
with cancer risks of the pancreatic,31 lung,12 kidney,12

bladder,29 esophageal and oropharyngeal,29 and hema-
tological cancers.29,32 However, only esophageal and
stomach cancers were reported to be associated with
www.thelancet.com Vol 45 Month March, 2022



Figure 1. Age-adjusted cumulative incidence of total cancer and probability of survival free of cancer deaths by oral health status
over 10 years. Cumulative probability of cancer incidence and survival for the participants who reported normal oral health (Blue)
and poor oral health (Red). Hazard ratios for total cancer mortality compare participants with poor oral health to those with normal
oral health. The 95% confidence intervals (CIs) are shown for each curve. Analyses were adjusted for age. (A) Cumulative probability
of cancer incidence. (B) Probability of survival free of cancer deaths.

Articles
periodontal disease (measured by tooth loss) in a high-
risk Chinese population.33,34 Likewise, we also found
higher risks of esophageal and stomach cancer in partic-
ipants with poor oral health in the CKB cohort. More-
over, we found an elevated risk of liver cancer for
participants with poor oral health. The association of
poor oral health with liver cancer risk was weaker com-
pared to esophageal cancer, but stronger than other can-
cers. Compared to the U.S., China has a heavy burden
of liver, stomach and esophageal cancer, especially in
www.thelancet.com Vol 45 Month March, 2022
rural areas.35,36 Differences observed in the cancer spec-
trum between various population groups are likely the
result of a complex interplay of genetic, environmental,
and social factors. These may also explain why the asso-
ciations between poor oral health and cancer varied by
region of residence.

Several potential mechanisms may explain the asso-
ciation between poor oral health and digestive system
cancers. Different types of poor oral health may have
different origins. For example, lack of oral hygiene can
7



Figure 2. Subgroup analysis of associations between oral health status and site-specific cancer incidence according to residential
area. Cancer incidence rate are crude rate (per 1000 person-years). Hazard ratios for total cancer mortality compare participants
with poor oral health to those with normal oral health. Forest plot showing HRs (log scale) and 95% CI (horizontal line). Analyses
were adjusted for adjusted for age, sex, body mass index, study sites, education level, marital status, household income per year,
alcohol consumption, smoking status, physical activity in metabolic equivalent tasks (MET) hours a day, aspirin prescription for CVD,
menopausal status, personal history of diabetes, and family history of cancer, as appropriate. a The number of cases in normal/poor
oral health groups.
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lead to periodontitis, although it can occur for different
reasons and in the presence of good oral hygiene. Peri-
odontal disease is directly and indirectly mediated by
oral bacteria, which can contribute to tumorigenesis in
the oral cavity as well as in distant body sites.37,38 The
emerging oral-gut-liver axis suggests that the oral micro-
biota and inflammation connect oral, gastrointestinal
and liver disease.39 P. gingivalis, the most important
causative pathogen of periodontitis, was observed to be
associated with higher risk of esophageal squamous cell
carcinoma (ESCC)40 and worse ESCC prognosis.41

Besides, P. gingivalis, T. forsythia, T. denticola, and A.
actinomycetemcomitans may contribute to the develop-
ment of cancer or precancerous lesions of stomach,
esophageal cancer and hepatocellular carcinoma.42−45

These periodontal pathogens are able to inhibit oral epi-
thelial innate immune responses through various
mechanisms and to escape from host immune reaction,
which may further lead to systemic inflammation.46

Moreover, periodontal therapy could increase the effi-
ciency of H. pylori eradication and the non-recurrence
rate of stomach H. pylori.47 Therefore, oral microbiota
dysbiosis could be a possible mediator linked poor oral
health to tumor initiation, promotion and progression.
Another type of poor oral health is gum bleeding, which
is a sign of gingivitis, or inflammation of the gums. Our
results suggested that it was the periodontal disease/
gum bleeding that drove the liver cancer association but
www.thelancet.com Vol 45 Month March, 2022



Figure 3. Subgroup analysis of associations between oral health status and site-specific cancer mortality according to residential
area. Cancer mortality rate are crude rate (per 1000 person-years). Hazard ratios for total cancer mortality compare participants with
poor oral health to those with normal oral health. Forest plot showing HRs (log scale) and 95% CI (horizontal line). Analyses were
adjusted for adjusted for age, sex, body mass index, study sites, education level, marital status, household income per year, alcohol
consumption, smoking status, physical activity in metabolic equivalent tasks (MET) hours a day, aspirin prescription for CVD, meno-
pausal status, personal history of diabetes, and family history of cancer, as appropriate. a The number of deaths in normal/poor oral
health groups.
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was poor oral hygiene for stomach and esophagus can-
cer. Other mechanisms of oral health in cancer develop-
ment have been postulated in the previous studies,
including the potential toxic effects of nitrate-nitrite-
nitrosamine reaction promoted by the oral flora,33 vita-
min D deficiency in relation to periodontal disease and
carcinogenesis,48 and oral bacteria-induced chronic
inflammation that may lead to cancer.38 These hypothe-
ses merit further investigation.

In this study, we found an inverse association
between poor oral health and colorectal cancer inci-
dence. The significant association was observed in par-
ticipants who rarely or never brushing teeth rather than
who have bleeding gums, and in rural residents rather
than urban residents. One possible explanation is that
certain oral microbiota type, such as Lachnospiraceae,
www.thelancet.com Vol 45 Month March, 2022
was negatively associated with the colonization of
colonic tissue with oral-like bacterial networks in colo-
rectal cancer development.49 However, the specific
mechanism of oral bacteria in colorectal cancer carcino-
genesis is unknown. Additionally, other unexamined
factors, such as nutritional status, could confound the
result. The poorer residents who happens not to brush
regularly might suffer from nutrient deficiency,
which increases risks of esophageal and stomach
cancer. However, they may tend to have less proc-
essed foods, thus protecting them from colon cancer.
Although we have controlled many potential con-
founders and applied subgroup analyses, unknown
confounders could exist. Alternatively, these findings
might be a result of chance since we studied a large
number of cancer sites. Thus, the association
9



Figure 4. Subgroup analysis of associations between oral health status and total cancer incidence according to potential risk factors.
Hazard ratios for total cancer incidence compare participants with poor oral health to those with normal oral health. Forest plot
showing HRs (log scale) and 95% CI (horizontal line). Analyses were adjusted for adjusted for age, sex, body mass index, study sites,
education level, marital status, household income per year, alcohol consumption, smoking status, physical activity in metabolic
equivalent tasks (MET) hours a day, aspirin prescription for CVD, menopausal status, personal history of diabetes, and family history
of cancer, as appropriate.
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between poor oral health and colorectal cancer risk
should be interpreted with caution.

The prospective design of the CKB study, including a
geographically widespread Chinese population, and a
large sample size provided us with sufficient statistical
power to analyze individual types of cancer. To avoid
potential reverse causality bias, we excluded participants
who developed or died from cancer during the first two
years of follow-up in sensitivity analyses. Moreover, we
also considered competing risk for total cancer risk
because a majority of the study participants (69%) died
due to other causes than cancer. The consistent results
from the sensitivity analyses indicate the robustness of
our findings. However, several limitations should be
noted. First, the observational design of the study lim-
ited causal inference of poor oral health in carcinogene-
sis. Second, the self-reported measures of gum bleeding
and tooth brushing are not perfect indicators of oral
health, and may introduce misclassification, though
clinical dental measurements for such a large cohort
would not be practical. Third, although we carefully con-
trolled for established and potential risk factors for
cancer, we were unable to obtain detailed information
regarding dental visit history, tooth decay, drug abuse
and brush teeth frequency, and control their possible
confounding effects. Fourth, potential confounders
such as HBV infection and cancer screening accessibil-
ity were not available. Fifth, selection bias and unob-
served confounding factors are possible.

In conclusion, in this large nationwide cohort of over
0.5 million Chinese adults, we found that poor oral
health was associated with a higher risk of total cancer,
especially for cancers of the digestive system, such as
esophageal, stomach and liver. Residential status also
modified the associations. These findings suggest that
promotion of oral health in the general population,
especially for rural residents, could help reduce cancer
risk. Further studies are warranted to elucidate the
underlying mechanisms of the observed association.
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Figure 5. Subgroup analysis of associations between oral health status and total cancer mortality according to potential risk factors.
Hazard ratios for total cancer mortality compare participants with poor oral health to those with normal oral health. Forest plot
showing HRs (log scale) and 95% CI (horizontal line). Analyses were adjusted for adjusted for age, sex, body mass index, study sites,
education level, marital status, household income per year, alcohol consumption, smoking status, physical activity in metabolic
equivalent tasks (MET) hours a day, aspirin prescription for CVD, menopausal status, personal history of diabetes, and family history
of cancer, as appropriate.
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