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Abstract
Background: This prospective study investigated the association between tooth
loss and upper gastrointestinal (UGI) cancer mortality in the Linxian Dysplasia
Nutrition Intervention Trial Cohort.
Methods: Subjects were categorized into three groups according to age at base-
line. No missing teeth and less or greater than median tooth loss in each group
was defined as none, moderate, and severe, respectively. Hazard ratios (HRs) and
95% confidence intervals (95% CIs) were estimated using the Cox proportional
hazard model.
Results: Through 30 September 2015, 541 esophageal squamous cell carcinoma
(ESCC), 284 gastric cardia carcinoma (GCC), and 77 gastric non-cardia carci-
noma (GNCC) deaths occurred. In the six-year follow-up, severe tooth loss was
associated with an increased risk of GCC mortality (HR 1.55, 95% CI 1.06–2.18).
In the 15-year follow-up, moderate tooth loss increased the ESCC mortality risk
by 58% (HR 1.58, 95% CI 1.06–2.35), while severe loss increased the GCC mor-
tality risk by 30% (HR 1.30, 95% CI 1.03–1.64). In the 30-year follow-up, moder-
ate tooth loss increased the risk of ESCC mortality (HR 1.34, 95% CI 1.01–1.76).
In subjects aged < 55 at baseline and men, moderate tooth loss had 53% and
52% higher risks of ESCC mortality (HR<55 years 1.53, 95% CI 1.06–2.05; HRmen
1.52, 95% CI 1.01–2.28). No significant association was observed for GNCC in
any subjects or subgroups.
Conclusion: Moderate tooth loss increased the risk of ESCC mortality, particu-
larly in younger subjects and men. Severe tooth loss increased the risk of GCC
mortality. Future studies are needed to confirm these findings.

Introduction

Tooth loss significantly impacts mastication, diet, nutrition
intake, aesthetics, and food choice.1 Oral health goals rec-
ommended by the World Health Organization for 2020
have stated that there should be an increase in the number
of individuals aged 35–44 and 65–74 years with functional
dentitions (≥ 21 natural teeth).2 Tooth loss is the result of
a complex interaction of factors, and is said to vary by age,
gender, race, education, income, and geographic region.3 It

is considered to impact health-related quality of life4 aggra-

vate people with severe mental illness;5 and increase the

risk of cancer in several sites, including oral cavities,6 the

esophagus,7 stomach,8,9 and pancreas,10 as well as esopha-

geal dysplasia11 and cardiovascular disease.12

Upper gastrointestinal (UGI) cancer, a significant cause
of morbidity and mortality, has become a major concern
worldwide.13 Esophageal cancer ranked as the sixth cause
of cancer mortality in 2018, causing an estimated 572 000
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new cases and 508 000 deaths.14 Despite decreased inci-
dence and mortality rates of gastric cancer over the last
three decades, this disease remains the second leading
cause of cancer-related mortality, with approximately
1033,000 new cases and 782 000 deaths recorded world-
wide in 2018.14 Approximately 54% of esophageal cancer
and 44% of gastric cancer cases occur in China.15 It is
widely believed that UGI cancer is an etiological and path-
ogenic disease and a number of studies in physics, chemis-
try, and genetics have been conducted to determine the
risk factors,16–18 Associations between oral hygiene and
UGI cancers have previously been reported.19,20

Linxian, a rural county located in north central China,
has some of the highest rates of esophageal and gastric
cancer.21 The mortality rate of esophageal cancer in
Linxian exceeded the Chinese average by 10-fold and the
American average (for white men) by 100-fold.22,23 The
Linxian Nutrition Intervention Trial (NIT) including a
dysplasia-based cohort (1985–1991, 3318 participants) and
a general population-based cohort (1986–1991, 29 584 par-
ticipants) was the first randomized, double blind, placebo-
controlled trial to report a reduction in total and cancer
mortality following supplementation.24 A number of etio-
logic studies have been conducted using data from the
Linxian NIT, which indicated a strong intrinsic association
between tooth loss and UGI cancer mortality in the general
NIT population.19,25 However, little prospective data of an
association between tooth loss and UGI cancer is available
in the dysplasia population.
We examined the associations between tooth loss and

risk of esophageal squamous cell carcinoma (ESCC), gas-
tric cardia carcinoma (GCC), and gastric non-cardia carci-
noma (GNCC) mortality in a dysplasia population-based
cohort over a 30-year period.

Methods

Study population

A detailed description of the Linxian Dysplasia NIT has
been reported in previous studies. Briefly, a total of 3318
individuals with a previous cytological diagnosis of esopha-
geal squamous dysplasia were recruited into the Linxian
Dysplasia NIT cohort on 30 April 1985 and randomized to
receive either a vitamin-mineral combination or a placebo
for six years until 30 April 1991, according to the trial
design. Potential participants were eligible if they were
aged between 40 and 69 years, lived in one of four north-
ern Linxian communes (Yaocun, Rencun, Hengshui, and
Donggang), signed informed consent, and had a diagnosis
of esophageal squamous dysplasia based on a balloon
cytology examination. Individuals were excluded if they
were taking any vitamin or mineral regularly, or had a

history of malignancy or other chronic disease. This study
was based on an analysis of the Dysplasia population-based
NIT cohort to explore the association between tooth loss
and UGI cancer mortality risk over a 30-year period, end-
ing on 30 September 2015.

Baseline questionnaire and examination

At the time of study recruitment, subjects completed a
questionnaire and received a brief physical examination.
The baseline questionnaire collected detailed information
regarding age, gender, tooth loss status, smoking, alcohol
consumption, body mass index (BMI), education, family
history of tumors, and dietary habits. Ever tobacco users
were defined as individuals who had smoked cigarettes, or
used hookah or a pipe at least weekly for at least six
months, and use of alcohol was dichotomized into no alco-
hol or any alcohol consumed in the previous 12 months. A
family history of tumors was considered positive if cancer
was reported in at least one first-degree relative, including
parents, siblings, or offspring. Dietary variables collected
from the baseline questionnaire included the intake fre-
quency of persimmon bread, moldy bread, foods cooked in
oil, meats, eggs, fruit, and vegetables. To avoid the bias
caused by seasonal effect, we calculated the frequency of
fresh fruit and vegetable consumption in winter/spring and
summer/autumn seasons, respectively.
As part of the baseline oral cavity examination, subjects

underwent an oral exam to determine if they had lost any
permanent teeth. Trained medical personnel then counted
the number of remaining teeth in all those who reported
missing teeth, and recorded the age of first adult tooth loss
and information of oral hygiene habits. Teeth were consid-
ered missing if they were observed as missing on examina-
tion or indicated for extraction, such as root stumps,
grossly destructed teeth, mobile teeth, and in the presence
of a fixed or removable prosthesis. Supernumerary teeth
and bilateral maxillary and mandibular third molars were
excluded. Those who reported no missing teeth were
assumed to have 32 teeth.

Classification of tooth loss status

For the purpose of the present analysis, tooth loss status
was coded as a three-level indicator variable: none, moder-
ate, and severe. The classification of the degree of tooth
loss was as follows: the study population was categorized
into three age groups: 40–49 years, 50–59 years, and
60–69 years. We calculated the median numbers of tooth
loss in the three groups, which were 4, 13, and 21, respec-
tively. Therefore, in each age group, those with no lost
teeth were included in the “none” group as the referent
category, while 1~median and median~32 were divided
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into moderate and severe tooth loss groups, respectively.
That is, 1~4, 1~13, and 1~21 missing teeth were consid-
ered as moderate tooth loss in the corresponding three age
groups, and 5~32, 13~32, and 21~32 as the severe tooth
loss accordingly, respectively.

Follow-up of cancer

The main outcomes of our study were ESCC, GCC, and
GNCC mortality. The international diagnostic team, a joint
panel of Chinese and American cytology pathologists and
radiologists, finally determined terminal cases. This panel
reviewed and confirmed 85% of the cancer diagnoses based
on pathology, cytology, and endoscopy. All esophageal
cancers were ESCC. Cancers in the most proximal 3 cm of
the stomach were defined as GCC and those originating
elsewhere in the stomach were defined as GNCC.22

The institutional review boards of the US National Can-
cer Institute and the Cancer Hospital, Chinese Academy of
Medical Sciences (CHCAMS) approved the study. Each
commune was considered as a unit for registration and
record keeping. Town hospitals and their affiliated village
clinics participated in follow-up care, assisted by the
Bureau of Health and the Cancer Prevention and Control
Institute in Linxian. Data of cancer mortality were dutifully
collected, entered into the registry, classified, and reported
to CHCAMS.

Statistical analysis

This study concluded on 30 September 2015. Survival
duration was calculated by determining the number of
months from 30 April 1985 to the date of death from UGI
cancer or other causes, or the observation end point. Dif-
ferences in baseline demographic and health-related char-
acteristics within groups were examined with
nonparametric Kruskal–Wallis and chi-squared (χ2) tests.
Cox proportional hazards regression models were used to
determine hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for 6-year, 15-year, and 30-year effects of UGI
cancer mortality. Potential confounders included age at
baseline (continuous variable), gender (men/women),
smoking (yes/no), alcohol consumption (yes/no), BMI
(continuous variable), family history of tumors (yes/no),
education (none or < primary education or ≥ primary
education or unknown), and consumption of fresh fruit
(continuous variable). Stratification analysis models were
performed by age at baseline (< 55 and ≥ 55 years) and
gender (men/women). Kaplan–Meier estimates were used
to compare cumulative mortality rates among the three
groups, followed by the log-rank test to assess the signifi-
cance between survival curves. Statistical significance was

assessed using two-tailed tests with a significant level of
0.05. Analyses were conducted using SPSS version 22.0.

Results

We excluded 28 subjects with missing data of tooth loss at
baseline and four subjects who were lost to follow-up; a total
of 3286 individuals were included in the final analysis. Dur-
ing the 30-year follow-up, 2578 deaths occurred, including
541 ESCC, 284 GCC, and 77 GNCC deaths. The baseline
characteristics of the study participants are shown in Table 1.
Compared to subjects without tooth loss, those with severe
tooth loss were younger, more often male, had a relatively
lower BMI, were more likely to have a lower level of educa-
tion, lower consumption of fresh fruit, and more commonly
non-smokers and non-drinkers (P < 0.005).
In multivariable Cox regression analyses, crude and fully

adjusted HRs and 95% CIs for the associations between
tooth loss and the risk of ESCC, GCC, and GNCC mortal-
ity are shown in Table 2. In the six-year follow-up analysis,
severe tooth loss was associated with a significantly
increased risk of GCC mortality (HR 1.79, 95% CI
1.20–2.66). Moreover, this association remained significant
after full adjustment (HR 1.55, 95% CI 1.06–2.18). In the
15-year follow-up analysis, moderate tooth loss increased
the risk of ESCC mortality by 80% (HR 1.80, 95% CI
1.22–2.65), and the HR remained statistically significant
after extended adjustment to the model (HR 1.58, 95% CI
1.06–2.35). Severe tooth loss increased the GCC mortality
risk by 30% (HR 1.30, 95% CI 1.03–1.64). During the
30-year follow-up period, our results indicated that moder-
ate tooth loss in dysplasia patients also had a significant
effect on ESCC mortality, as the risk increased 34%
(HR 1.34, 95% CI 1.01–1.76) after adjusting for potential
confounders. No associations were observed for tooth loss
and risk of GNCC mortality in during the study period.
Table 3 shows the associations stratified by age and gen-

der during the 30-year follow-up. Overall, positive associa-
tions were observed for moderate tooth loss and UGI
cancer mortality among patients aged < 55 years (HR 1.52,
95% CI 1.13–2.04) and men (HR 1.31, 95% CI 1.00–1.71),
with statistically significant interactions for tooth loss, age,
and gender (P < 55 years = 0.005; Pmen = 0.048). Fur-
thermore, stronger associations were detected for the risk
of ESCC mortality in younger and male groups
(HR < 55 years 1.53, 95% CI 1.06–2.05; HRmen 1.52, 95%
CI 1.01–2.28). However, no significant associations were
observed for GCC and GNCC mortality in subgroups.
Cumulative mortality rates caused by ESCC, GNCC,

GCC, and UGI cancer during the 30-year follow-up period
are presented in Figure 1. Survival curves showed that dur-
ing most of the 30 years of follow-up, the cumulative

968 Thoracic Cancer 10 (2019) 966–974 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

Tooth loss and UGI S. Zhang et al.



mortality rates of patients with moderate and severe tooth
loss were higher than those in patients with no tooth loss,
which indicated that tooth loss could increase the long-
term risk of UGI cancer mortality. The log-rank test results
suggested that the cumulative mortality rates of dysplasia
patients with moderate and severe tooth loss who died
from UGI cancer were both significantly different from
patients who did not lose any teeth (P < 0.050).

Discussion

This is the first prospective study to examine the associa-
tion between tooth loss and the risk of UGI cancer mortal-
ity among an esophageal squamous dysplasia population in
a nutritionally deficient area in China. Overall, we found
that subjects with moderate tooth loss had a 34% higher
risk of ESCC mortality, especially in younger and male
groups. The risk of GCC mortality was also increased in
patients with severe tooth loss. No associations with GNCC
were observed in any subjects or subgroups. Our study
results make up for the lack of information on risk factors
of UGI cancer mortality in a dysplasia cohort, aiming to
promote health management and provide a scientific basis

for developing an effective preventive strategy according to
the heterogeneity between dysplasia and general
populations.
In several previous studies, evidence of an association

between tooth loss and UGI cancer has been inconsistently
reported. Michaud et al. reported a significant association
between tooth loss and esophageal cancer in a large pro-
spective cohort of male health professionals, but not
between tooth loss and stomach cancer.26 However, two
studies from Japan and Iran found an association between
tooth loss and gastric cancer.9,27 One of the possible rea-
sons underlying the different outcomes could be differ-
ences in the criteria used for grouping tooth loss. In most
cases, a two28 or three-category29 variable was used and the
bound values for each category were not standardized. In
this study, we stratified participants according to age at
baseline and graded tooth loss as moderate or severe by
taking the median number of missing teeth in each age
group as a boundary point, considering the disparities in
nutritional status and oral cavity function at different age
stages; thus our results basically represent an accurate bur-
den of UGI cancer mortality as the severity of tooth loss
increased.

Table 1 Baseline characteristics of study participants according to tooth loss status

Baseline characteristics

Status of tooth loss

P*None Moderate Severe

Age (n, %) 0.000
< 55 years 423 (81.2%) 521 (45.6%) 827 (51.0%)
≥ 55 years 98 (18.8%) 622 (54.4%) 795 (49.0%)

Gender (n, %) 0.000
Men 239 (45.9%) 505 (44.2%) 1104 (68.1%)
Women 282 (54.1%) 638 (55.8%) 518 (31.9%)

BMI (n, %) 0.000
(Mean � SD, kg/m2) 20.82 � 2.36 20.41 � 2.25 20.15 � 2.28
Education (n, %) 0.000
Non 127 (24.4%) 458 (40.1%) 816 (50.3%)
< Primary education 193 (37.0%) 375 (32.8%) 408 (25.2%)
≥ Primary education 141 (27.1%) 145 (12.7%) 139 (8.6%)
Unknown 60 (11.5%) 165 (14.4%) 259 (16.0%)

Smoking (n, %) 0.000
Yes 165 (31.7%) 412 (36.0%) 374 (23.1%)
No 356 (68.3%) 731 (64.0%) 1248 (76.9%)

Alcohol consumption (n, %) 0.000
Yes 122 (23.4%) 247 (21.6%) 243 (15.0%)
No 399 (76.6%) 896 (78.4%) 1379 (85.0%)

Family history of tumors (n, %) 0.816
Yes 223 (42.8%) 508 (44.4%) 716 (44.1%)
No 298 (57.2%) 635 (55.6%) 906 (55.9%)

Consumption of fresh vegetables 0.895
(Mean � SD, times/week) 11.65 � 4.48 11.73 � 4.58 11.68 � 4.40
Consumption of fresh fruit 0.000
(Mean � SD, times/week) 0.26 � 0.55 0.23 � 0.72 0.19 � 0.57

*P value derived from χ2 or nonparametric Kruskal–Wallis tests, as appropriate, for categorical and continuous variables. BMI, body mass index; SD,
standard deviation.
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Christian et al. previously reported that, in the Linxian
general population trial, individuals with tooth loss had a
statistically significant 13% increased risk of total mortality,
a 35% increased risk of UGI cancer mortality, and a 28%
increased risk of heart disease mortality during a five-year
intervention and 10-year follow-up period (1986–2001).25

In our study, we compared the results at three follow-up
periods (6, 15, and 30 years), and the longitudinal trends
of UGI cancer mortality risk were detected. Although tooth
loss significantly increased the risk of both ESCC and GCC
mortality, there were differences in the period in which it
played a significant role. For ESCC, no significant increase
in mortality risk was observed in the first six years
(1985–1991), while the 15-year follow-up analysis showed
that the risk in subjects with moderate tooth loss was 58%
higher than in those without tooth loss, and the risk
remained high until 2015 (34%). Thus, the effect of ESCC
mortality was characterized by a lag delay. In GCC, the
role played by time was the opposite to ESCC, with signifi-
cant effects in the first six and 15 years, gradually weaken-
ing to insignificance after 30 years of follow-up. These
results clearly illustrate that the effect of tooth loss on the
risk of GCC mortality cannot be long-term maintenance.

Further analysis by age demonstrated that the effect of
tooth loss on UGI cancer, particularly on ESCC mortality
risk, was primarily confined to younger patients but there
was a less clear association in older participants. Christian
et al. observed the same strong associations in younger
people,19,25 while Abnet et al., in a complete model using
all oral health indicators, reported that patients aged <
40 who lost teeth earlier had a higher risk of ESCC.30 All
findings for UGI cancer mortality suggested that there was
a more significant risk prior to extensive tooth loss, when
chewing and digestive functions declined significantly. Sev-
eral explanations may have contributed to this effect.
Firstly, this may represent a birth cohort effect with
changes in diet, water supply, and other environment fac-
tors, followed by different risks associated with tooth loss.
Secondly, in the dysplasia population, the age difference
may have caused different sensitivity to exposure to malig-
nant transformation of tumors in the upper digestive tract.
Furthermore, in our study, 93.0% of the older group had
lost at least one tooth, which may to some extent limit the
power to detect the risk of UGI cancer mortality in this
subgroup. However, a population-based case-control study
conducted in Taixing City in eastern China reported that
an increased risk of ESCC associated with tooth loss was
more pronounced in older subjects (age ≥ 70 years).31 This
may be related to the overall level of oral health in Taixing
in the 2010s, which was much better than in Linxian in
the 1990s. In our < 55 year age group, approximately
75.3% of subjects had lost ≥ 1 tooth, compared to 37% in
the < 50 year age group in the Taixing study.Ta
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Previous studies and reviews have discussed the potential
causal mechanisms that might explain associations between
tooth loss and esophageal and gastric cancer. Authors have
hypothesized that tooth loss would cause individuals to
swallow large, poorly chewed boluses of food that might
irritate the esophagus.32 In recent years, a strong hypothesis
has posited that the progression of tooth loss destroys the
normal periodontal tissue, allowing oral microorganisms to
accumulate deep in the oral tissue, thereby facilitating their
growth. It has been postulated that poor oral hygiene and
tooth loss mediate a bacterial load and “overgrowth” of
microorganisms on teeth,33 which can transform nitrates
into nitrites and then combine with amines to form carci-
nogenic nitrosamines, some of which may be gastrointesti-
nal organ-specific carcinogens.34,35 In a study by Nair et al.,
individuals with poor oral hygiene and tooth loss had an
eight-fold increase in the potential to form nitrosamine in
the oral cavity,36 and intra-oral nitrate-reducing activity
may contribute to the majority of overall nitrosamine expo-
sure in humans. It is also not difficult to envisage that dur-
ing normal physiological behavior, such as swallowing and
drinking, oral microorganisms, as well as the produced
“nitrosamine,” are passed into the esophagus and stomach
from the oral cavity along with food and drinks. Therefore,
an association between tooth loss and UGI cancer seems
plausible, although more detailed surveys of the associa-
tions between tooth loss, oral bacteria, carcinogen forma-
tion, and UGI cancer are warranted.

The present study exhibits several strengths. First of all,
the data demonstrated excellent compliance and 30-year
follow-up with virtually complete ascertainment of cases in
a well-defined population. The large sample size and suffi-
cient power to examine the questions of interest were fur-
ther strengths. Moreover, the cohort used trained medical
personnel to conduct interviews and tooth counts were
ascertained by physical examination. This measurement is
objective, and because it was gathered prospectively, it was
not influenced by subsequent outcomes. Furthermore, we
collected extensive information on potential confounders.

However, several potential limitations of this study
should be considered. Firstly, there is no international uni-
fication index or diagnostic criteria to evaluate tooth loss.
The majority of studies use different methods to assess
tooth loss, such as clinical physical examination, question-
naires, and self-reporting. Therefore, our results should be
considered with caution because of exposure mis-
classification when comparing findings from other
research. Secondly, although we adjusted for multiple
potential confounding factors, the existence of some
unknown confounders in this population or residual con-
founding could not be completely excluded. For example,
earlier studies have suggested that low socioeconomic sta-
tus (SES) may be associated with poor oral health,37 whichTa
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has consistently been linked to ESCC risk,38 but we could
not obtain information on SES for this study. However,
education level is known to be an indispensable indicator
of SES,39,40 thus we included education level as a con-
founder into the final model, and our results were not
materially altered. Further studies to clarify this point are
warranted. Thirdly, competing risk bias inevitably existed
in the follow-up process. The outcome of this study was
UGI cancer mortality, which accounted for 35%
(902/2578) as some subjects died from other diseases
(e.g. subjects who died of cardiovascular disease will no
longer die from UGI cancer during the follow-up period).
This may lead to false estimates of the effects of tooth loss
on UGI cancer mortality. How to reasonably explain the
results of this study on the basis of competing risk bias
should be further verified. Fourthly, as the present study
has only dealt with baseline tooth loss, but not with the
later management of tooth loss, such as removable denture
restoration, fixed bypass repair, and dental implants, subse-
quent research should take follow-up dental management
into consideration.

In summary, in this prospective cohort study, we found
that tooth loss in esophageal squamous dysplasia patients
significantly increased the risk of UGI cancer mortality,
especially among younger subjects and men. It is of primary
importance to determine to what extent tooth loss actually
affects UGI cancer, as this will facilitate the development of
clinical policy-making in public health and provide appro-
priate guidance for oral health care. Further studies are
warranted to verify these findings and to explore more
accurate mechanisms of the associations with tooth loss.
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Figure 1 Effect of tooth loss on 30-year cumulative mortality caused by upper gastrointestinal (UGI) cancer. Comparison of cumulative mortality
rates of (a) esophageal squamous cell carcinoma (ESCC), (b) gastric non-cardia carcinoma (GNCC), (c) gastric cardia (GCC), and (d) UGI cancer in
groups divided by tooth loss status. Solid lines represent participants who had no tooth loss; dotted lines represent participants with moderate tooth
loss; dashed lines represent participants with severe tooth loss. ( ) None, ( ) Moderate, and ( ) Severe.
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