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Abstract

Background. Previous studies have reported inconsistent results on the relationship between
the number of teeth and all-cause mortality. There are several confounding factors in this
relationship, especially age. We investigated the relationship between the number of teeth and
all-cause mortality among residents in Mashhad, Iran.

Methods. Of 9704 participants of the Mashhad Stroke and Heart Atherosclerotic Disorder
(MASHAD) study conducted in this cohort study, 395 participants were randomly recruited
for dental examination. Baseline characteristics, including age, sex, and status of marriage,
employment, and education, were collected for all the participants. The number of teeth was
recorded by a dentist who also undertook a full dental examination. Individuals were followed
up every three years, over 10 years, for the incidence of death. Data were analyzed using SPSS
20, and a P value of<0.05 was considered significant. The effect of confounders was reduced
using multivariate logistic regression.

Results. Among 387 eligible participants, the mean age was 48.60+8.24 years, and most were
female. The number of teeth was significantly related to age (P<0.001), marital status (P=0.002),
and educational attainment (P=0.001). Over ten years of follow-up, 15 of the participants died.
Among baseline variables, only age was significantly associated with death (P=0.008). The
number of teeth was significantly associated with all-cause mortality after adjustment for age,
sex and marital status, employment, and educational attainment (P=0.003, OR=0.926, 95% Cl:
0.880-0.974).

Conclusion. Number of teeth is an independent predictor of all-cause mortality, especially in
older individuals.
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Introduction

Teeth play a vital role in human physiology, with important
functions such as chewing, swallowing, speaking, facial
aesthetics, and social interactions.' Severe caries, chronic
periodontitis, and tooth loss account for 2% of the overall
burden of human diseases worldwide.? In 2015, over
3.5 billion individuals worldwide were affected by oral
diseases such as dental caries, periodontal disease, and
tooth loss.* This widespread issue of poor oral health is a

significant concern for public health, as evidenced by the
estimated 42% of US adults with periodontitis and 11%
who have lost all their natural teeth within five years.!
Previous studies have revealed an association between
inadequate oral health and all-cause mortality, including
cancer and cardiovascular mortality.>* The number of
lost teeth is considered a crude factor of poor oral health.”
Therefore, a key objective in oral health is to enhance
the percentage of people who have functional teeth.?
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Periodontal disease, often caused by dental plaque,’ is
one of the main causes of tooth loss.'®! A significant
relationship has been established between periodontal
diseases and cardiovascular diseases (CVDs),"? diabetes,
pneumonia,’ as well as increased healthcare expenses.'*'®
Periodontal disease is widely recognized as a risk factor for
malignant diseases due to its association with the systemic
inflammatory response.'® The presence of disease and
tooth loss can negatively affect dietary and nutritional
intake, ultimately compromising overall systemic health."

Previous studies have had a substantial variation in the
experimental design, and it is not possible to eliminate
the possibility of remaining confounding factors.>!*%
Furthermore, some of the analyzed articles contained
samples with an average age predominantly exceeding
60 vyears, which ultimately rendered the findings
unreliable.'””*® While previous studies in Iran, such as
the Golestan Cohort Study,” have linked poor oral health
to increased mortality in economically transitioning
populations, there remains a lack of research on this
association in large urban centers like Mashhad, which
limits the generalizability of existing findings to diverse
urban populations and underscores the need for locally
relevant data to inform public health strategies. Given
Mashhad’s diverse population, varying access to healthcare,
and public health relevance, it offers a unique setting to
examine the link between tooth loss and mortality within
an urban Iranian population. To our knowledge, this is the
first study to investigate this association, specifically in the
Mashhad population.

The importance of oral health is evident in today’s
society. Over the last few years, the number of teeth, as
one of the main indicators of oral health, has received
increased attention for its connection with systemic
diseases, severity, and mortality. This study aims to
evaluate the association between the number of natural
teeth and all-cause mortality.

Methods

Study population

This study was conducted on a sub-sample of the
Mashhad Stroke and Heart Atherosclerotic Disorder
(MASHAD) cohort study® This study was initiated
in 2010 to explore the risk factors of CVDs among the
35-65-year-old citizens of Mashhad, the second largest
city in Iran. Using a stratified cluster random sampling,
9704 individuals were included in the study. Data on
demographics, anthropometrics, and lifestyle were
collected for all participants. Inclusion criteria for the sub-
sample were participants aged 35-65 from the MASHAD
Cohort who provided informed consent and had complete
data on demographic and clinical variables. Exclusion
criteria were loss to follow-up because of lack of contact
number or migration and incomplete dental examination.
Considering the mortality rate of 5% in the study
population, the mean + SD of teeth in Yu et al’s study'? and
the following formula, the sample size was calculated at

n =18 for each group.

(Ziyn+ 2, (8P +52)
(Xl -X, )2

Assuming a 95% confidence level, 80% power, and
an effect size estimated from prior studies to ensure
representativeness and sufficient power for subgroup
analysis of the larger cohort, 395 individuals were selected
using proportional stratified random sampling based on
key demographic variables such as age, sex, and residential
region within MASHAD study participants. The selected
individuals were visited by dentists, and the number of their
teeth was recorded. Dental examinations were conducted
by trained dentists using a standardized protocol, as tooth
counting was performed through visual inspection under
appropriate lighting, with only erupted, non-extracted
natural teeth included in the count. Inter-examiner
reliability was assessed through calibration sessions
before data collection, and a subset of participants was
re-examined by different dentists to ensure consistency.
Participants whose dental examination was not complete
were excluded from the analysis. Potential sources of
bias were the exclusion of dietary habits and denture use,
which could influence tooth count and associated health
outcomes. Dietary factors, such as sugar intake and the
use of dentures, may affect oral health; however, they were
not directly assessed in this study. These exclusions may
limit the generalizability of the results, as individuals with
significant dietary variation or denture use may differ in
tooth preservation. However, the impact of these factors
is likely minimized due to the study’s focus on natural
tooth count and the overall population being relatively
homogeneous in these respects.

Study follow-up

Eligible participants who had data about the number of
teeth available were followed up every three years over 10
years. Participants who died were recorded as the target of
the current study. The cause of death was extracted from
the death registry of the Iranian Ministry of Health and
Education. During the study, seven individuals dropped
out of the target population due to alack of contact number
or having moved to a new city (Figure 1). A comparison
of baseline characteristics between dropouts and those
included in the analysis showed no significant differences,
suggesting minimal risk of attrition bias. However, the
small number of dropouts further reduces the likelihood
of any meaningful impact on the study’s overall findings.

Statistical methods

The Kolmogorov-Smirnov (K-S) test was used to assess
normality parameters. Mann-Whitney, chi-squared, and
logistic regression were also used for statistical purposes.
SPSS 20 (IBM Corp., 2011) was used for statistical
calculations (P<0.05). Additionally, COX regression was
used to reduce the effect of confounders. Association
between the number of existing teeth and all-cause
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mortality was reported using a hazard ratio (HR) with
a 95% confidence interval (CI). A log rank test was also
applied, and Kaplan-Meier survival plots were provided to
show the significance.

Results

This study comprised a sample of 387 people with a mean
age of 48.60+8.24 years, with 223 (57.2%) females. Most
of the population did not have a career or a high level of
education. Additionally, most participants were married
(Table 1). The participants had a mean of 18.08 teeth
(SD=8.98). The results indicated a significant correlation

Table 1. Baseline characteristics according to tooth number and all-cause mortality

between the number of teeth and age, marital status, and
education level. Over 10 years of follow-up, 15 out of 387
participants had died. The causes of death were cancer
(n=5), CVD (n=5), infection (n=1) and trauma (n=1).
Two were due to an unknown cause. The mean + SD of the
number of teeth in dead and alive cases was 18.40+8.81
and 10.27 £9.98, respectively (P=0.007).

Based on the presented information, in participants>49
years of age, the risk of all-cause mortality decreased
by 6.1% for each additional tooth. Also, at all ages, the
risk of all-cause mortality decreased by 8.4% for every
tooth count (Table 2). Figure 2 indicates the cumulative

Tooth number Mortality
Variables
Mean (SD) Median (1+-3" quartile) P valu? Alive (n=372) Death (n=15) P value®
Age (y)
<49 20.93 (7.28) 23 (18-26) <0.001 212 (57.0%) 2 (13.3%) 0.001
>49 14.56 (9.63) 17 (6-22) 160 (43.0%) 13 (86.7%)
Sex
Male 17.33 (9.02) 20 (12-25) 0.065 158 (42.5%) 6 (40.0%) 0.535
Female 18.64 (8.93) 21 (16-25) 214 (57.5%) 9 (60.0%)
Job status
Employment 18.80 (8.77) 22 (15-25) 137 (36.8%) 3 (20.0%)
0.118 0.264
Unemployment 18.11 (8.94) 21 (15-25) 193 (51.9%) 11 (73.3%)
Retired 15.60 (9.59) 19 (9-24) 42 (11.3%) 1(6.7%)
Marital status
Single 13.78 (10.07) 16 (3-25) 0.013 21 (5.6%) 2 (13.3%) 0.222
Married 18.35 (18.85) 21 (15-25) 351(94.4%) 13 (86.7%)
Education
Low 17.57 (9.15) 21 (13-25) 0.002 332 (89.2%) 15 (100%) 0.180
High 22.53 (5.77) 24.5(20-27) 40 (10.8%) 0 (0%)

* Analyzed by Mann-Whitney test.
" Analyzed by chi-square test.
Bold Numbers show statistically significant difference.

Stratified

Randomly
Selected

8 Participants were Excluded Because of:
Loss to Follow-up Due to Lack of Contact &
Number or Migration

Incomplete Dental examination

372 (96.3%)
Alive

15 (3.7%)
Death

Death Cause

Cancer

Unknown

Figure 1. Flow diagram showing the recruitment and number of deaths of study participants
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deaths through follow-up time. The number of teeth
was significantly associated with all-cause mortality in
participants over 49 years (P=0.030).

Discussion

The number of lost teeth has been proposed as a basic
indicator of dental disease.”” The primary causes of tooth
loss are dental caries and periodontitis,” accounting for
2% of the global burden of human diseases. Fewer teeth
have been linked to various systemic diseases, especially
atherosclerotic CVDs.*! The process conducted in this
study discovered a potential link between tooth loss and
mortality. The cohort study involved 387 participants
between the ages of 35 and 65. The findings showed that
people > 49 years of age had a 10% reduction in the risk of
all-cause mortality for each additional tooth. Additionally,
at all ages, there was a 7% reduction in overall mortality
risk for every tooth count. Our research also indicated
that the number of teeth was significantly associated
with age, marital status, and education, but no consistent
associations were found with sex and job status.

Previous studies have also reported positive correlations
between poor oral health and increased mortality rates.*
For example, in a cohort study of 50,023 participants in
Golestan Province, Iran, an increased risk of death was
observed in both unadjusted and adjusted analyses for
all-cause mortality and cause-specific mortality, including
CVDs, cancer, and injuries. Furthermore, this study
also discusses the effects of dentures and tooth brushing
frequency on the mortality rate.”

The Finnish Parogene Cohort, a subset of the Finnish
Corogene Cohort, consists of 508 adults with a mean age
of 63.3+9.1. It also confirms the effect of the number of
teeth on all-cause mortality, with a record of 69 deaths
during the follow-up, mainly due to CVD, neoplasms,
diabetes, and diseases of different body systems. In this
study, in addition to the Golestan Cohort, it was observed
that the patients who died were often men.**

A study in Taiwan showed that losing 11-20 or more
than 20 teeth, particularly in underweight elderly
individuals (age>65 years), significantly increased the
risk of all-cause mortality compared to participants with
0-10 teeth lost. It is worth noting that the results are not
entirely relatable due to the participants’ old age.” In
another study conducted in the same year in Japan on 569
participants aged 70 years at baseline, similar results were
concluded during a 5-year follow-up period: having 19
teeth or fewer increased the risk of death by almost 2.5

Table 2. Association of tooth number and all-cause mortality

Groups Hazard ratio 95% ClI P value
Total 0.926 0.880-0.974 0.003
Age<49’ 1.100 0.777-1.558 0.591
Age>49? 0.939 0.886-0.997 0.038

Analyzed by logistic regression
' Adjusted for all variables in Table 1 .
2 Adjusted for all variables in Table 1 except age.

times compared to having 20 teeth or more.® A newer
study in 2023 in China, conducted on 5,403 participants
aged 65+ 10.47 years old, showed an even more significant
relation between the number of teeth and mortality. The
study showed that compared to having 20 or more teeth,
subjects with 10-19 teeth had an increase in mortality rate
by more than twice, and for subjects with 0-10 teeth, the
risk increased up to nearly four times in 3.1+1.3 years
of follow-up.*

In a study on 84,160 adults aged 42+ 13 years in 2020,
the number of teeth was shown to be associated with all-
cause, cancer-related, and cardiovascular mortality. In this
paper, the main mechanism studied was the connection
between masticatory capacity, nutrient intake, and
mortality rate. The most notable effect of missing teeth in
this study was on CVD."”

The studies mentioned above were mainly about all-
cause mortality, but some have focused on specific-
cause mortality rates. A study in 2019 aimed to find
the relationship between tooth loss and long-term
cardiovascular outcomes, including myocardial infarction
(MI), ischemic stroke, and heart failure (HF). This study
was conducted on 4,404,970 subjects with a 7.59+0.72
year follow-up. Out of this population, 1.5% died
during the follow-up period, and 1.9% of the rest of the
subjects suffered from one of the previously mentioned
cardiovascular events. In general, the incidence rate
of these events was above 0.65 per 1000 person-years.
Based on the analysis, the highest risk belonged to the
participants with > 15 lost teeth.*

Survival Functions
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Figure 2. Cumulative death plots according to age groups: (above) age<49;
(below) age>49
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Cancer is also a significant factor in mortality associated
with tooth loss. In 2015, a retrospective cohort study was
conducted on 1,385 residents of Shanghai Ninth People’s
Hospital aged 75 years and older, which recorded 31
deaths during a 4-year follow-up. Almost a quarter of
the casualties were due to cancer. Therefore, this study
concluded that there is a notable connection between
the number of teeth and oral cancer mortality. It is worth
noting that this study also considered alveolar bone loss
as a second factor affecting mortality, which slightly
compromises the usability of the results for our study.®
On the contrary, a Japanese study conducted on 20,445
dentists with a mean follow-up of 9.5 years concluded that
although frequent tooth brushing could decrease the risk
of upper aerodigestive tract (UADT) cancer, the number
of teeth did not have a significant impact on cancer and,
consequently, on the mortality rate. One of the reasons
for this discrepancy is the bias in the study population,
as dentists” higher knowledge of oral health can influence
the course of the study, resulting in a different conclusion
than previous studies.

Although the link between tooth loss and mortality
is consistent, the mechanism is still unclear. Several
possibilities are being discussed; the most prominent
theory is the negative effect of tooth loss on masticatory
function. This can decrease dietary diversity,”> which
mainly leads to a low-fiber and antioxidant diet due
to a lack of fruit and vegetable consumption.'” Another
reason may be the increased burden of inflammatory
agents.” Although our findings align with prior research
as discussed, caution is warranted when generalizing these
results to other regions, particularly those with differing
socioeconomic, dietary, and healthcare contexts.

The present study had limitations due to its small sample
size, resulting in decreased statistical power for the analyses.
However, our long follow-up period and repetition of
examinations helped compensate for this limitation to a
large extent. Another limitation is that we did not consider
the use of dentures or implants and their potential effect
on the mortality rate. Additionally, the participants’ dietary
habits were not considered in our study. Despite adjusting
our analyses for baseline patient characteristics, it is possible
that common chronic and undetected subclinical diseases
or unmeasured diseases could have contributed to reduced
survival. Moreover, although only seven individuals
dropped out of the study, leading to a relatively small number
of exclusions, potential selection bias cannot be completely
ruled out. The individuals who did not participate in
follow-up assessments may differ systematically from those
who remained, particularly regarding health status, dental
care practices, or socioeconomic factors. While the small
number of dropouts likely reduces the impact of this bias,
and although efforts were made to minimize this bias, it
is still possible that their exclusion could influence the
observed association between the number of teeth and
mortality. Additionally, despite adjusting for baseline patient
characteristics, residual confounding from unmeasured

variables, such as systemic inflammation, cannot be ruled
out. Inflammation has been shown to play a key role in
both oral health and systemic diseases, and its impact on
mortality could not be fully captured in this study.

This study has several strengths, including its extensive
and multiple follow-up periods of up to 10 years with
3-year intervals. Additionally, the analysis was conducted
on a relatively middle-aged population (48.60+8.24
years) compared to other studies involving elderly
and community-dwelling subjects. This choice helps
to reduce false positives associated with age-related
confounding factors.

Practical Implications

Our findings suggest that maintaining a higher number
of natural teeth may be associated with reduced mortality
risk. This underscores the importance of oral health in
overall well-being. Public health initiatives should consider
integrating oral health assessments into routine medical
check-ups, particularly for middle-aged populations, to
facilitate early detection and intervention. Additionally,
promoting oral hygiene practices and access to dental
care could play a crucial role in enhancing longevity, as
a study by Fukuhara et al** found that lower educational
attainment and depressive symptoms were associated with
increased tooth loss, highlighting the need for targeted
interventions addressing these factors to improve oral
health outcomes.

Conclusion

We found that the number of teeth was significantly
associated with the mortality rate in our study population,
indicating that improving and maintaining adequate
oral health might substantially increase longevity, which
highlights the clinical and public health importance of
preserving natural teeth, as tooth loss may contribute to
mortality through mechanisms such as poor nutrition,
systemic inflammation, and social vulnerability. Most
of our participants had a low educational level, and all
the casualties in our study belonged to this group. This
may suggest a close yet indirect connection between
educational level and the mortality rate. Additionally, it
is worth mentioning that more than two-thirds of our
recorded deaths were due to CVD and cancer. However,
we did not investigate the specific relationship between
these causes of mortality. We recommend that future
studies explore the association between the number of
teeth and these diseases.
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