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Abstract
Background: The associations between the number of natural teeth/denture use and all-cause mortality remain
unclear due to lake of investigation for the potential interaction between tooth loss and denture use and for the
potential changes in these exposures over time in older adults. We undertake this study to evaluate the associations of
the number of natural teeth and/or denture use with mortality in Chinese elderly.
Methods: This is a prospective cohort study of 36,283 older adults (median age: 90). The number of natural teeth and
denture use were collected with structured questionnaire. We evaluated hazard ratios (HRs) and confidence intervals
(CIs) using a Cox proportional hazards model adjusting for demographic factors, education, income, lifestyle factors,
and comorbidities.
Results: We documented 25,857 deaths during 145,947 person-years of observation. Compared to those with 20+
teeth, tooth loss was associated with a gradual increase in mortality, with an adjusted HR of 1.14 (95% CI, 1.06 to 1.23)
for those with 10–19 teeth, 1.23 (95% CI, 1.15 to 1.31) for those with 1–9 teeth, and 1.35 (95% CI, 1.26 to 1.44) for those
without natural teeth. Denture use was associated with lower risk of mortality (adjusted HR 0.81; 95% CI, 0.77 to 0.84).
Subgroup analyses indicated that the benefit of denture use was greater in men than in women (P = 0.02) and tended
to decrease with age (P < 0.001). The effects of denture use did not differ among various degrees of tooth loss (P = 0.17).
Conclusions: Tooth loss was associated with an increased risk of mortality in older adults. Denture use provided a
protective effect against death for all degrees of tooth loss however, this effect appeared to be modified by sex and age.
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Background
Teeth play an important physiological role in human,
which affect chewing, swallowing, speaking, facial aesthetics, and social interactions [1]. Tooth loss represents
a major health problem, particularly for elderly [1]. The
prevalence of edentulism increases with age and varies
among countries [2, 3]. The global age-standardized
prevalence of edentulism in 2010 was 2.4% [2]. Although
a decline in tooth loss and edentulism has been observed
in the past decade [2], the World Health Organization
goal of retaining at least 20 teeth at the age of 80 years
has not yet been met in most countries [4].
A number of prospective studies have found an association between tooth loss and all-cause mortality, cardiovascular and cancer mortality [5–11]. Wearing dentures
may reduce the mortality in older adults [7, 12, 13].
Tooth loss and denture use may affect mortality through
inflammation, nutrition, masticatory function, facial appearance, and social engagement [14–18]. Despite a fair
amount of previous research, many questions remain
unclear. First, the shape of the association between teeth
number and mortality, and the minimum teeth number
that have no additional mortality risk were still unclear.
Second, the associations with potential interactions, such
as age and sex, were controversial in previous studies
[19, 20]. Third, tooth loss and denture use are closely related, but the potential interaction between tooth loss
and denture use, in relation to mortality, have not been
comprehensively evaluated. Forth, many important confounders, like economic status, were not adjusted in most
previous studies [5–13]. Fifth, previous studies evaluating
denture use and mortality showed inconsistent results
[13, 21]. Lastly, tooth loss and the denture use may
change over time, but no previous studies have
considered the variability over time in evaluating the
effect. We carried out this study was to prospectively
evaluate the associations of the number of natural teeth
and/or denture use with mortality using the Chinese Longitudinal Healthy Longevity Survey (CLHLS) datasets.
Methods
Study design and participants

CLHLS is an ongoing longitudinal interview survey of
over 40,000 old adults in 22 of 31 Chinese provinces.
The included participants represent 985 million persons,
about 85% of the national population [22]. The investigation began in 1998 and follow-up surveys were undertaken in 2000, 2002, 2005, 2008, 2011, and 2014, with
approximately a 90% response rate in each wave. To
maintain a large enough sample size, the CLHLS replaced the deceased respondents with new participants
in the follow-up waves. To avoid the problem of small
sub-sample sizes at the more advanced ages, the CLHLS
interviewed nearly all centenarians [22]. Details of the
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CLHLS have been described elsewhere [22]. The study
was approved by the Ethics Committee of Peking
University and Duke University. Informed consents
were obtained from all participants during the faceto-face interview.
Our inclusion criteria for participants were: aged 65
years or above; had data on the number of natural teeth
and/or denture use; and data about the death time was
available for at least one follow-up survey. We included
all participants from the 1998 survey as all participants
were newly recruited. For the follow-up surveys, the participants included the survivals from the previous waves
and the new recruits. Only the new recruits needed to
be included as the survivals from the previous waves had
already been included. This strategy enabled us to
analyze based on the largest sample size. In the end, we
included 36,283 participants from the CLHLS, with 36,
153 participants for the analysis of number of natural
teeth and 36,230 for denture use (Figure 1 in the
Additional file). There was a small difference in the participant numbers for the two analyses because some participants only reported one of the two exposure data.

Assessment of the exposures

Self-reported number of natural teeth and the use of
dentures were collected with the following questions: 1)
How many natural teeth (teeth that are naturally grown)
do you still have? 2) Do you have false teeth? (False teeth
referred to any type of non-natural teeth, including partial or complete, removable or implant-retained fixed
dentures). Data were repeatedly collected in each wave.
We grouped the number of remaining teeth into four
categories (0, 1–9, 10–19, and ≥ 20). We evaluated the
combined effects by grouping the participants into 8 categories according to teeth number and denture use.
Though the education level of included participants were
low and one third of the subjects were cognitively impaired, the validity of self-reported number of natural
teeth and denture use may not be influenced as the interviewers could help older adults to confirm their responses to these questions.

Assessment of deaths

We ascertained the survival status through a face-to-face
interview with a close family member for those interviewees who had died before the next wave [22]. The
survival time was defined as the period from the date of
the baseline visit to the date of death. The data for the
participants who survived until the 2014 survey were
censored at the time of the 2014 survey, and those who
were lost to follow-up were censored at the time of the
last survey.
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Assessment of covariates

We selected covariates that may confound the relationship based on a review of literature [23, 24]. The selected
covariates should have an impact on the overall mortality and been collected in the CLHLS. For example, we
included fresh fruit intake and vegetable consumption
because they may influenced by teeth healthy and have
an impact on mortality [25]. Because the sample size of
this study is large and statistical power is strong, we included as many covariates as possible to minimize the
potential confounding effect. We obtained covariate information from the structured questionnaire [26]. The
covariates for our analyses included sociodemographic
characteristics, routine physical checkup (weigh, height,
and blood pressure), lifestyle behaviors (smoking, alcohol
drinking, physical activity, fresh fruit intake, and vegetable consumption), self-reported medical history, activities of daily living (ADL), cognitive function (evaluated
by the Mini-Mental State Examination, MMSE) [27],
and depressive symptoms.
Statistical analysis

We evaluated all-cause mortality according to the number of natural teeth and denture use with Kaplan-Meier
survival plots. To explore the shape of the relationship,
we used addictive Cox regression, taking number of
natural teeth as a smoothed term. Penalized splines
were used for smoothing. The degrees of freedom
were determined according to Akaike Information
Criterion and residual deviance. For better interpretation of effect, we also evaluated the hazard ratios
(HRs) and 95% confidence intervals (CIs) with timedependent Cox regression. We divided the subject’s
time of observation into several intervals based on the
time of follow-up surveys and date of death. The exposure values at the beginning of each interval were
used for this interval.
Multivariable models were applied to adjust for confounding factors. We adjusted for age at baseline, sex,
and residence (urban or rural, defined according to the
official registration record for Chinese citizen) in the
basic analysis model. Additionally, we adjusted for education, living arrangement, sufficient income for daily
needs, smoking, alcohol drinking, frequent vegetable
consumption, frequent fruit consumption, frequent
physical activity, ADL, cognitive impairment (defined as
MMSE < 24), body mass index, hypertension, selfreported diabetes mellitus, self-reported heart disease,
self-reported cerebrovascular disease, self-reported respiratory disease in the fully-adjusted model. We coded
the participants with missing covariate data to the reference group or median group when the missing rate was
low (< 5%). When the rate of missing data was ≥5%, a
separate missing response category was created. Based
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on the HRs and mortality rate, we calculated the ageand sex- specific number needed to treat (NNT) [28],
which is conceptually easier to understand.
We conducted subgroup analyses by age, sex, residence, years of education, BMI, smoking status, and
drinking status, in order to investigate potential effectmodifying effect. We also evaluated the association of
teeth number with all-cause mortality by denture use
and vice versa.
We conducted a number of sensitivity analyses: 1)
additionally adjusting for depressive symptom, current
marital status, time of recruitment; 2) using the baseline
number of natural teeth and denture use as covariates;
3) excluding patients with a history of diabetes mellitus,
heart disease, cerebrovascular disease, or respiratory diseases; 4) excluding participants with an observation time
of < 3 years, > 12 years, or without tooth loss; 5) additionally adjusting for living location; and 6) considering
the participants with unknown survival status censored
at the median of follow-up (3 years) as previous study
[29]; 6) excluding the participants who reported more
number of natural teeth than the teeth number in the
previous wave of survey. Analyses were completed using
Stata version 12.0 (StataCorp LP, College Station, TX,
USA) and R software version 3.4.1 (R Development Core
Team, 2017).

Results
Baseline characteristics

Table 1 presents the baseline characteristics. The median
age of participants was 90 years (interquartile range
[IQR] 81 to 99) and 41.1% were men. Most of the participants (98.1%) had lost one or more teeth and 37.3% had
lost all teeth. The overall denture use rate was 23.6%
and increased with tooth loss.
Number of natural teeth and all-cause mortality

The median follow-up time was 3 years (maximum: 16.5
years, IQR 1.6 to 5.7 years). During a total of 145,947
person-years of observation, we documented 25,857
deaths (71.3%). Figure 1-A suggested that the mortality
among various teeth groups were significantly different
(log-rank test: P < 0.001).
Figure 2 presented the nonlinear association between
the number of natural teeth and mortality. We considered the participants with 28 teeth as reference as they
had the lowest risk. Twenty-eight is also the number of
usable teeth in human. The association was hockey
stick-shaped (Test for nonlinear: P = 0.009). The HRs
first decreased with the number of natural teeth (approximately between 0 to 25 teeth) and then kept stable
(approximately between 26 to 32 teeth). The minimum
number of natural teeth showing no significantly increased mortality was 25 teeth (HR for 25 teeth: 1.03,
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Table 1 Characteristics of participants by the number of natural teeth and denture use
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Table 1 Characteristics of participants by the number of natural teeth and denture use (Continued)
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Fig. 1 Kaplan–Meier plot showing the mortality by the number of natural teeth and denture use

95% CI 0.99 to 1.08, P = 0.18; HR for 24 teeth: 1.05, 95%
CI 1.00 to 1.10, P = 0.05).
Table 2 presents the HRs categorized by teeth number. Tooth loss was associated with a gradual increase
in the risk of mortality (P-trend < 0.001), with an adjusted HR of 1.14 (95% CI, 1.06 to 1.23) for those
with 10–19 teeth, 1.23 (95% CI, 1.15 to 1.31) for
those with 1–9 teeth, and 1.35 (95% CI, 1.26 to 1.44)
for those lacking natural teeth, as compared to those
with 20+ teeth.

Denture use and all-cause mortality

Figure 1-B suggested that the mortality in denture users
was lower than non-users (log-rank test P < 0.001).
The individuals with dentures had lower risk of mortality as compared with those who did not (adjusted
HR 0.81; 95% CI 0.77 to 0.84) (Table 2). Overall, 17.3
and 34.8 older adults need to wear dentures to prevent one death in 5 and 10 years, respectively. The
NNTs increased with age and were larger in women
than in men (Table 3).
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Fig. 2 Association between the number of natural teeth and mortality. The results were based on addictive cox regression taking number of
natural teeth as a smoothing term in the model. The inflection point with lowest hazard (28 teeth) was considered the reference. The addictive
cox regression model has adjusted for age, sex, residence, denture use, education, sufficient income for daily needs, living arrangement, BMI,
smoking, alcohol drinking, frequent vegetable consumption, frequent fruit consumption, impaired activity of daily living, cognitive impairment,
hypertension, self-reported history of diabetes mellitus, self-reported history of heart disease, self-reported history of cerebrovascular disease, and
self-reported history of respiratory diseases. The minimum number of natural teeth showing no significantly increased risk was 25 (HR for 24
teeth: 1.05, 95%CI 1.00 to1.10, P = 0.05; HR for 25 teeth: 1.03, 95%CI 0.99 to 1.08, P = 0.18)

Combined effects of tooth loss and denture use

Among those who did not use dentures, the adjusted
HRs as compared with the elderly without natural teeth
were 0.91 (95%CI 0.87 to 0.96), 0.87 (95%CI 0.82 to
0.93), and 0.75 (95%CI 0.70 to 0.80) for those with 1–9,
10–19, and 20+ teeth, respectively (Table 1 in the Additional file). The estimated HRs tended to be larger for
denture users than non-users in each category of teeth.

smoking status, alcohol drinking, and denture use did
not show any interaction effects.
Subgroup analyses for denture use showed interaction
effects with age (P < 0.001) and sex (P = 0.02). The benefit of denture use tended to decrease with age, with a
fully-adjusted HR of 0.65 for those aged 65–79 years,
0.73 for those aged 80–89 years, and 0.84 for those aged
90 and over. Denture use was associated with a greater
reduction in mortality in men (HR 0.76; 95% CI 0.71 to
0.82) than in women (HR 0.84; 95% CI 0.79 to 0.89).

Subgroup analyses

For the number of natural teeth, the comparisons of the
0 tooth group (P = 0.001) or 1–9 teeth group (P < 0.001)
versus the reference group (20+ teeth) were different by
age group; the risks tended be higher in the younger elderly (65–79 years) than in the older age group of 80+
(Table 2 in the Additional file). Subgroup analyses for
number of natural teeth by sex, residence status, BMI,

Sensitivity analysis

Our sensitivity analyses, additionally adjusting for depressive symptom, marital status, time of recruitment,
and living location yielded results largely similar to the
primary results (Table 3 in the Additional file). The effect size by Cox regression analyses, evaluating the baseline number of natural teeth and denture use, was
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Table 2 Associations of the number of natural teeth or denture use with mortality
Hazard Ratio[95% Confidence Interval]
Unadjusted model

Basic model a

Fully adjusted model b

No. of participants

36,153

36,100

20,816

No. of deaths

25,737

25,713

12,757

20+

1.00

1.00

1.00

10–19

1.59[1.51, 1.69]

1.13[1.07, 1.20]

1.14[1.06, 1.23]

1–9

2.60[2.48, 2.72]

1.29[1.23, 1.36]

1.23[1.15, 1.31]

0

3.18[3.03, 3.33]

1.46[1.38, 1.53]

1.35[1.26, 1.44]

P-trend

< 0.001

< 0.001

< 0.001

No. of participants

36,230

36,100

20,816

No. of deaths

25,824

25,713

12,757

No

1.00

1.00

1.00

Yes

0.66[0.64, 0.68]

0.76[0.74, 0.79]

0.81[0.77, 0.84]

Number of natural teeth

Denture use

HR Hazard ratio, CI Confidence interval;
a
Basic model: adjusted for age (years), sex (men or women), and residence (urban or rural), teeth number (0, 1–9, 10–19, ≥20, for analysis of denture use), denture
use (yes or no, for analysis of teeth number);
b
Fully adjusted model: additionally adjusted for education (yes or no), sufficient income for daily needs (yes or no), living arrangement (living alone or with
others), BMI (< 18.5, > = 18.5 and < 24, or > =24), smoking (current smoker, former smoker, or never smoker), alcohol drinking (current drinker, former drinker, or
non- drinker), frequent vegetable consumption (yes or no), frequent fruit consumption (yes or no), impaired activity of daily living (yes or no), cognitive
impairment(yes or not), hypertension (yes or not), self-reported history of diabetes mellitus (yes or no), self-reported history of heart disease (yes or no), selfreported history of cerebrovascular disease (yes or no), and self-reported history of respiratory diseases (yes or no)

slightly smaller than the primary results, but the conclusion was unchanged. Sensitivity analyses by excluding
participants with an observation time of < 3 years, > 12
years, without loss of teeth, with increased number of
natural teeth between two waves of surveys, and considering the older adults with unknown survival status censored at the median of follow-up (3 years) showed no
major difference.

Discussion
This cohort study of 36,283 Chinese older adults suggested there was likely to be a hockey stick-shaped association between the number of natural teeth and allcause mortality. The mortality risk decreased with increment of number of natural teeth, and those who had 24
teeth or less were associated with significantly increased

risk of mortality. This finding suggested that 25 teeth is
the minimum number of natural teeth to avoid extra risk
of death. Denture use was associated with a decreased
risk of all-cause mortality that tended to wane with age.
The absolute benefit of wearing dentures was large and
varied with age. In order to prevent one death in 5 years,
approximately 6 to 7 older people aged 56–79 need to
wear dentures, compared with 37 to 42 people for those
aged 95 and over. The benefit of wearing dentures was
similar among different degrees of tooth loss. The primary results were robust as shown in a series of sensitivity analyses.
Our findings are consistent with previous analyses in
older populations [7–9, 12]. In a cohort study of 21,730
individuals, the number of natural teeth was inversely associated with mortality [7]. A retrospective cohort study

Table 3 Age- and sex-specific number needed to treat to prevent one death in 5 and 10 years
5-year mortality rate 10-year mortality rate HR[95% CI] of denture users NNT[95% CI] to prevent NNT[95% CI] to prevent
in non-denture users in non-denture users versus non-denture users
one death in 5 years
one death in 10 years
65–79 years & men

19.8%

44.7%

0.64[0.55, 0.74]

6.4[4.7, 9.7]

6.6[5.1, 9.6]

80–89 years & men

56.1%

85.7%

0.69[0.62, 0.78]

9.1[7.2, 12.9]

24.0[19.1, 33.4]

> = 90 years & men

82.4%

97.9%

0.83[0.75, 0.92]

36.7[24.6, 79.6]

287.3[193.7, 617.8]

65–79 years & women 16.7%

36.7%

0.66[0.56, 0.78]

7.3[5, 12.6]

6.8[5.0, 11.2]

80–89 years & women 48.9%

81.5%

0.79[0.70, 0.90]

12.8[8.5, 27.2]

28.3[19.4, 58.5]

> = 90 years & women 82.1%

97.7%

0.85[0.79, 0.93]

41.5[28.3, 82.9]

300[205.7, 595.5]

HR Hazard ratio, CI Confidence interval, NNT Number needed to treat
HRs were based on fully-adjusted cox regression models
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of 55,651 old adults suggested that the HRs of all-cause
mortality in the participants with no teeth, 1–9 teeth,
and 10–19 teeth were 1.36, 1.24, and 1.19, respectively,
which were similar to our estimates [8]. In the Golestan
Cohort Study, wearing dentures reduced all-cause mortality by 10% [12]. The effect was smaller than our estimate (19%), possibly due to the difference in ethnicity
and age.
Previous studies yielded mixed results about the interaction of age and sex on the association between teeth
number and mortality. A cohort study suggested that
number of natural teeth was inversely associated with
all-cause mortality among the individuals aged 40–64
years but not among those aged 65–79 years [5]; However, an association was shown among adults aged 65
and older in another cohort study [7]. In a cohort study
of 1282 subjects aged 80 years, tooth loss was a predictor
of mortality in women but not in men [9]; However, in a
10-year cohort study of 118 subjects aged 80 years or
over, an association between number of natural teeth
and survival rate was shown in men but not in women
[10]. A possible explanation is that the sample sizes in
subgroups in these studies were too small. Our subgroup
analyses by age did show between-group differences, but
the association persisted in most subgroups.
Our subgroup analysis suggested that the protective
effect of denture use decreased with age. The younger
elders (65–79 years) had the highest risk of death due to
tooth loss in our study; This more severely affected
group may therefore have been more readily able to
demonstrate a protective effect of wearing dentures. Our
subgroup analysis by sex suggested that the effect of
wearing dentures tended to be greater in men than in
women. A possible explanation is that men tend to have
a poorer nutritional status than women [30], while wearing dentures could effectively improve nutritional intake
[31]; Therefore men are likely to have more benefits
from denture use. Additionally, previous studies have
shown that men are less active in social participation
than women [32], while wearing dentures can encourage
social participation [33]; Thus, it is expected that men
will benefit more from denture placement. Only one
prior study investigated denture use and mortality by
sex. In this study, denture use was associated with lower
mortality in women but not in men in individuals with
less than 10 teeth; there were no major differences of
mortality rates between subjects with 10 or more teeth
with and without dentures or based on sex [34]. The
sample size in this subgroup might be too small to test
the difference.
Based on additive cox regression, we found that the
risk of mortality decreased with increment of numbers
of natural teeth. The risk was parallel to the severity of
tooth loss and a statistically significant increased risk
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was observed at 24 or less teeth. This may be because
more tooth loss could have a more severe influence on
the masticatory function and nutritional status, which in
turn, be linked to overall morality. The elderly with 24
or less teeth had ≥5% increased risk. For the elderly with
25 or more teeth, there was no sufficient evidence of increased risk, and if any, the risk would be less than 3%.
In addition to the burden of inflammation, another
possible mechanism underlying the association of tooth
loss and mortality could be nutrition. Fewer teeth are associated with impaired masticatory function and nutritional status [14, 15], which in turn, increases the risk of
mortality [35, 36]. This was consistent with our analysis
of baseline characteristics, which suggested that the individuals with fewer teeth had lower BMI. Denture may
reduce mortality by improving masticatory function, bite
force, and nutritional state [16]. Use of dentures may
also benefit older adults through preventing foreign body
asphyxiation, enhancing phonetics, improving facial appearance, and facilitating social engagement [17, 18].
The use of dentures in older adults could be influenced by the cost. Cost for dentures varies greatly depending on type of dentures, type of materials used,
additional necessary equipment, and region. For example, the cost for one replacement tooth in China
ranged from approximately 60 USD to 1500 USD [37].
In China, a variety of dentures are available for older
adults, adapted to their income. The overall denture use
rate, particularly in those with no or few remaining
teeth, was relatively low in this study as compared with
the older adults from Western Europe or Japan. This is
because denture use rate is closely related to economic
status, while China is a developing country and 60.6% of
the included participants were from rural area with low
income.
The strengths of this study included the large sample
size, the prospective cohort study design, investigation of
the optimal teeth number and the shape of association,
and evaluation of the interaction between teeth number
and denture use. In addition, we used a time-dependent
Cox proportional model which could not only control
the baseline number of natural teeth/denture use, but
also control the change in these exposures during
follow-up. Furthermore, our sensitivity analyses were robust, which could reduce potential bias from additional
confounders (such as marital status), participants with
extreme short or long survival, and different methods
for handling censored data. Lastly, this study also found
solid evidence that the protective effect of denture use
was modified by age and sex.
Our study has several limitations. First, residual confounding by other unmeasured or unknown factors remains possible. Second, we cannot investigate the type
of dentures, cause of death, time of tooth loss and
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denture use, dental symptoms, and dental care/
utilization, as these data were not collected. Third, our
study included a sample with very old age (median age:
90 years). The participants are older than the general
elder population in China. The main study findings, including the evaluation for the optimal number of natural
teeth, may not be applicable to other population. Fourth,
the primary results may be influenced by the exclusion
of 6642 participants whose survival status was unknown
as they might have different characteristics. However,
our subgroup analyses suggested that the primary effects
were not modified by most baseline characteristics. The
sensitivity analysis by considering the older adults with
unknown survival status censored at the median of
follow-up (3 years) suggested that the primary results
were robust. Fifth, According to the 4th National Oral
Health Survey, the mean remaining teeth was 22.5 ± 8.7
and denture use rate was 34.0% in the 65 to 74 age
group in 2015–2016 in China (data for the elderly aged
75 and over was not collected) [38]. The mean
remaining teeth (17.6 ± 10.6) and denture use rate
(29.9%) in this age group were relatively lower in our
study. This was because our data was collected much
earlier than this national survey and there was a continuous improvement in oral health of Chinese elderly in
the past decades. This may influence the generalizability
of our conclusion. Sixth, there is a threat that some
older adults whom died soon after recruitment may not
be due to tooth loss or denture use. We undertook sensitivity analysis by excluding participants with an observation time of < 3 years and the result showed no major
differences as compared to the primary results. Therefore, we did not include an induction period in the primary results as most previous studies. Last, the quality
of evidence is low due to the observational study design.

Conclusion
In conclusion, our results indicate that tooth loss was associated with an increased risk of all-cause mortality.
The optimal number of natural teeth in older adults was
≥25. Wearing dentures might have a protective effect
against death, and the effect tended to decrease with age
and be greater in men than in women. Preventing tooth
loss and using dentures would have substantial public
health benefits in view of the high prevalence of tooth
loss and low denture use rate in this rapidly growing
population.
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