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Abstract Background/purpose: Life expectancy (LE) is a hypothetical measure to predict life
longevity and the indicator of society’s overall health. Tooth loss is a worldwide enigma; howev-
er, the LE for tooth (LET) are obscure. LET and the burden of tooth loss in Taiwan were estimated
using the scheme of National Health Insurance (NHI).
Materials and methods: Using NHI data, mortality rate, age-specific mortality rate, tooth-
extraction rate, and age-specific tooth-extraction rate (ASTER) of Taiwanese in 2004 and 2013
were estimated. ASTER for the individual tooth (ASTER-T) was analyzed for each of 28 perma-
nent teeth according to ID code and tooth location. LET and years lived with disability for tooth
loss (YLDs-T) of each permanent tooth were estimated following Global Burden Disease study.
Results: In 2004, 1,741,228 teeth extracted from 1,078,254 patients among 22,646,835 Taiwa-
nese, whereas 2,012,907 teeth extracted from 1,254,746 patients among 23,344,670 in 2013.
In both years, the ASTERs presented an increasing trend as age increased. However, the
ASTER-Ts presented varied according to tooth types. The LET and YLDs-T were also varied.
The maximum values of YLDs-T were noticed for the first molars.
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Conclusion: Our findings of this national survey highlight the need for public health policy,
particular the early loss of first molars, aiming to increase awareness regarding oral health.
ª 2022 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction

Teeth play essential roles in food mastication, speech,
socio-communication, and cosmetics.1 Tooth loss reflects
the endpoint of lifetime of dental disease(s) and the in-
dividual’s history of dental treatment.2 Tooth loss may
cause mild or moderate disability for tooth functions.3 A
strong association exists between the quality of life and
teeth loss.4,5

Studies have shown that tooth loss is an enigma noted
worldwide.6 The global prevalence of total tooth loss has
been estimated, with the prevalence peaks observed at
75e80 years old.3,7 The global the years lived with disability
(YLDs) for total tooth loss, with the definition of “having
fewer than 9 remaining permanent teeth”, in 2015 was 113
per 100,000 person-years.7 In this definition, the burden of
tooth loss is collecting the information described in eden-
tulous or a severe condition of tooth loss. However, the
mouth contains 28 teeth with different anatomical, physi-
ological, and occlusion functions.8 The loss of teeth over
time might further complicate the estimation of oral
disability. It has been suggested that a more detail
appraisal of oral conditions would be ideal to help inform
quantification of the burden of these health states.3

To estimate the disability and the duration of disability,
it must be considering with the life longevity. The longevity
of life can be predicted as the life expectancy (LE), which is
a hypothetical statistical measure and an indicator of the
overall health of a society.9 Study also showed that, using
the same principles for LE, the tooth life expectancy (LET)
were predicted for each individual tooth.10 Up to date,
nevertheless, the exact LET and the burden of tooth loss
are remaining obscure.

In Taiwan, a compulsory social health insurance scheme
has been implemented since 1995. The Health Insurance
Claim Database contains all the medical claims data of 22.6
million beneficiaries, including dental care service utiliza-
tion.11 This study therefore aimed to estimate the LET, and
YLDs for the tooth loss (YLDs-T) for 28 permanent teeth of
Taiwanese in 2004 and 2013.
Materials and methods

Data collection and study population

In this study, the analysis was performed based on the
electronic vital registration data, and NHI claims data ob-
tained from the Ministry of Health and Welfare in Taiwan in
2004 and 2013. The registry file contains the codes for ID
number, gender, dates of birth and death, and cause of
death. The NHI program, a Taiwanese health care system
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established in March 1995, covers 98% of the entire popu-
lation of the country, that is, 22.6 million beneficiaries.12

The Health Insurance Electronic Database contains all the
dental care service claims data, including the ID number,
gender, date of birth, date of service and ICD-9-CM diag-
nosis, procedures in tooth position, and medical care
expenditure. The claims data also included the number and
location of tooth extractions.

Analysis method

In the present study, the mortality and the age-specific
mortality rate (ASMR) were assembled, whereas the tooth-
extraction rate and age-specific tooth-extraction rate
(ASTER) were obtained accordingly. In consideration of the
28 permanent teeth (excluding the wisdom teeth) per
person, the ASTER for tooth (ASTER-T) at the tooth-level
were further calculated. Given the life table data,13 the LE
and LET for the Taiwanese was measured.10,14

Based on the principle of YLDs in the published GBD
studies by age and gender,13,15 the YLDs-T could be
measured at the tooth-level. The simple YLDs-T formula
follows: YLDs-T (a) Z N (a) � D (a) � DW, where N (a) is the
number of tooth-extraction cases for a given age a; D (a) is
the duration for the extracted tooth and uses the LET at age
a; DW is the disability weight, with the value of 0.00429
modified following the previous studies.3,7,16 The YLDs-T
per capita was subsequently calculated.17 This research
was ethically approved by Taipei Tzu Chi Hospital, Tzu Chi
Medical Foundation Institutional Review Board (Protocol
No. 08-W-122).

Results

Age-specific mortality rate and age-specific tooth-
extraction rate

The total population in Taiwan in 2004 was 22,646,835
(Table 1, Fig. 1A), and a 590 per 100,000 population mor-
tality rate was obtained based on the 133,680 decedents
recorded (Table 1), whereas a 661 per 100,000 population
mortality rate was achieved in 2013 (154,374/23,344,670).
The assembled ASMRs in 2004 and 2013 increased as age
increased until the highest values of 23.4% and 26.1% were
observed for 2004 and 2013, respectively, at the age of 98
years old (Fig. 1B).

Because 1,741,228 teeth, in 1,078,354 beneficiaries,
were extracted in 2004, the tooth-extraction rate was 7689
per 100,000 population (Table 1), whereas the rate of 8623
per 100,000 population was record in 2013. Similar to ASMRs
(Fig. 1B), the assembled ASTERs in 2004 and 2013 showed
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Table 1 Demographics and the tooth-extraction profiles
for the Taiwanese population in 2004 and 2013.

2004 2013

Total population 22,646,835 23,344,670
Number deceased 133,680 154,374
Mortality rate (per 100,000

population)
590 661

Patients who had the tooth
extraction
1. Number of dental patients

who had extraction(s)
1,078,354 1,254,746

2. % of patients who received
extraction for those dental
visits

20.0% 18.6%

3. Number of teeth extracted
per patient

1.61 1.60

Total teeth extracted in the
population

1,741,228 2,012,907

Tooth-extraction rate (per
100,000 population)

7689 8623

Figure 1 ASMR and ASTER of the Taiwanese population in
2004 and 2013. Profiles of the Taiwanese populations based on
age in 2004 and 2013 (A). ASMR and ASTER in each of 2004 and
2013 were obtained (B), and the gaps between the mortality and
the tooth extraction rates were clearly observed (ASMR Z age-
specific mortality rate, and ASTER Z age-specific tooth-
extraction rate).
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an increasing trend as age increased until the highest value.
However, the highest values of ASTERs, despite 2004 and
2013, were younger than that of ASMRs (24.5%, 75 years old,
and 25.1%, 74 years old, for 2004 and 2013, respectively).
Distributions of ASMRs (peaks at 98 years old) and ASTERs
(peaks around 75 years old) were different despite of in
years of 2004 and 2013, and the gaps were noticed between
them.

According to the tooth individuality, the ASTER-T for
every single tooth could be yielded; however, the ASTER-Ts
among teeth showed varied (Fig. 2AeB), despite the years
in 2004 and 2013. By tooth types (e.g., incisor, canine,
premolar, or molar), however, the ASTER-Ts in both years
were presented similar (Fig. 2CeF). Besides, the ASTER-Ts
for incisors/canines presented one peak (located around
ages of over 75 years old) (Fig. 2CeD), whereas those for
molars/premolars exhibited two peaks (before 25 and
around ages over 65 years old), particularly for the first
molars (Fig. 2EeF). In Fig. 2F, the high peaks in the year of
2004 were noted at ages of 21 and 65 years old (with the
rates of 0.78 and 0.84%), whereas that of 30 and 70 years
old (with the rate 0.51 and 0.79%) in the year of 2013. It
could be clearly found that the fist peaks were much
different in the years of 2004 and 2013: the rate reduced
(0.78 vs 0.51%) and the age delayed (21 vs 30 years old) in
2013 compared to that in 2004.

Life expectancy and life expectancy for tooth

According to life tables in 2004 and 2013, the LE in every
single age for the Taiwan population could be recorded
(Table 2). Compare to the LEs in 2004, the LEs in 2013
increased in each period. By the same principle, the LETs in
2004 and 2013 could also be measured for every single tooth
(Table 2). Similar LETs were found in 2004 and 2013 for
teeth 33 and 34. For tooth 36, in contrast, longer LFTs were
noticed in 2013 than that in 2004. Among teeth, therefore,
the discrepancies of LE to LETs, based on the tooth in-
dividuality or the observation year, were observed.

Years lived with disability for tooth loss

The YLDs-T in the Taiwan population was 1380 and 1445
per 100,000 population for 2004 and 2013, respectively. In
each of 2004 and 2013, a total of 28 age-specific YLDs-Ts
were obtained based on tooth individuality (Fig. 3AeB). As
those ASTER-Ts (Fig. 2AeB), the age-specific YLDs-Ts
(Fig. 3AeB) presented different among the teeth despite
2004 and 2103, but the YLDsTs presented similar if they
were selected within the same toot type (Fig. 3CeF).
Although the values of ASTER-Ts and age-specific YLDs-Ts
from 2004 to 2013 changed un-considerable for canines,
the YLDs-Ts for the first molar showed remarkable
changes, particularly in young ages (Fig. 2A vs. 3A, and 2B
vs. 3B). In Fig. 3F about the tooth of 36, a high first peak
was noted in the year of 2004 (214, 20 years old) although
two peaks were still observed in the year of 2013. For the
first peak, the YLDs-T reduced and the age delayed in 2013
(135, 26 years old) compared to that in 2004 (214, 20 years
old). In Fig. 4, the 28 age-specific YLDs-Ts in 2004 and 2013
were presented. Compared to that observed in 2004, the



Figure 2 ASTER-Ts for teeth 36, 34, 33, and 31 in 2004 and 2013. ASTER-Ts for the four teeth in 2004 (A) and 2013 (B) were
assessed, and the rates presented varied among teeth. However, the ASTER-Ts obtained in 2004 and 2013 were similar if they were
analyzed by tooth 31, 33, 34, or 36 (C to F) (ASTER-T Z age-specific tooth-extraction rate for tooth).

Table 2 Life expectancy (LE) for Taiwanese and the LE for tooth (LET) for the tooth 31, 33, 34, or 36 in 2004 and 2013.

Age LE LE for the individual tooth

Tooth 31 Tooth 33 Tooth 34 Tooth 36

2004 2013 2004 2013 2004 2013 2004 2013 2004 2013

0 77.4 79.8
10 68.0 70.2 81.4 82.6 85.0 85.0 81.4 81.8 71.6 74.7
20 58.2 60.3 71.5 72.6 75.0 75.0 72.5 72.5 64.1 65.8
30 48.6 50.6 61.5 62.7 65.1 65.0 63.0 63.1 58.2 58.8
40 39.2 41.8 51.8 52.8 55.1 55.1 53.4 53.4 50.3 51.5
50 30.3 32.0 42.6 43.5 45.4 45.4 44.2 44.1 42.6 43.1
60 21.9 23.5 34.2 34.8 36.3 36.1 35.7 35.5 35.2 35.6
70 14.4 15.6 26.5 27.8 27.6 27.5 27.6 27.5 27.7 27.9
80 8.4 9.1 18.9 19.0 19.3 19.1 19.4 19.2 19.5 19.6
90 4.6 4.7 10.3 10.2 10.3 10.2 10.3 10.2 10.4 10.4
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YLDs-Ts for each tooth increased in 2013, except that for
four first molars (especially for mandibular molars). The
YLDs-Ts were 79 vs 77, 80 vs 78, 100 vs 85, and 101 vs 87
in 2004 and 1013 for the tooth of 16, 26, 36, and 46,
respectively.
1367
Discussion

In the present study, the national-based LET and burden of
tooth loss were estimated based on the NHI claims data in
Taiwan, which cover almost all residents.12 In this study,



Figure 3 YLDs-Ts for teeth 36, 34, 33, and 31 in 2004 and 2013. The YLDs-Ts for the four teeth in 2004 (A) and 2013 (B) were
presented and varied among teeth. For each tooth 31, 33, 34, or 36 the YLDs-Ts obtained in 2004 and 2013 showed much com-
parable (C to F) (YLDs-T Z the years lived with disability for tooth loss).
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the numbers of the patients and the teeth (received
extraction) were both recorded in 2004 and 2013 (Table 1).
Our results showed that the tooth-extraction rate in Taiwan
was 7689 and 8623 per 100,000 population (7.7% and 8.6%)
in 2004 and 2013, respectively (Table 1). Previous studies
have reported the tooth-extraction rates.18e20 However,
the rates varied and ranged from 5% to 37% in specific
populations, considering the different countries, areas, or
age intervals and the reasons for tooth-extraction.19,21e23

About our results, an increased pattern before a certain
age was noted for both ASMR and ASTER. However, gaps
were observed between the two parameters (the maximal
ASMR/ASTER were recorded at age 98/75 years old in 2004
and 98/74 years old in 2013, respectively) (Fig. 1B). Bur-
dens were therefore noted, and the detailed analysis, such
as that of YLDs, was indicated.

The 28 ASTER-Ts were calculated in 2004 and 2013
accordingly to elaborate on the role of tooth individuality on
the ASTER. We observed that the values for ASTER-Ts were
varied among teeth, despite 2004 and 2013 (Fig. 2AeB).
The pattern of ASTER-Ts for molars/premolars showed
two peaks, whereas that for incisors/canines presented a
single peak. For example, two peaks were noted for the
1368
mandibular left first molar (0.78% at 21 years and 0.84% at
65 years) and the mandibular left first premolar (0.26% at
age 12 and 0.81% at 76 years) in 2004. Similar peaks were
also observed in 2013. The exact reasons for the appearance
of two peaks need further investigation; however, the or-
thodontic reason might be part of the explanations for the
first peaks observed in the early loss of premolars.24 The
high caries rate in the first molars at a young age in Taiwan12

and other countries25 also possibly caused the tooth loss
observed in this study. Nevertheless, the present study is
the first to report the ASTER-T for 28 individual permanent
teeth based on the national population.

Theoretically, the LE is a hypothetical value. However,
in this study, the LE and LET are calculated based on sub-
stantive documents of Taiwan. Our result showed that the
LE at birth in Taiwan is 77.4 years in 2004 and 79.8 years in
2013 (Table 2), which is similar to that obtained from some
of other countries (e.g., USA, 77.6 years; Norway, 79.7
years; NZ, 79.5 years in the year of 2004; and USA, 78.9
years; NZ, 80.6 years in the year of 2013) (http://
publichealthintelligence.org/content/life-expectancy-
progress-1990-2013). Similar to ASTER-Ts, 28 LETs could
also be achieved (Table 2), and their gaps with LE also

http://publichealthintelligence.org/content/life-expectancy-progress-1990-2013
http://publichealthintelligence.org/content/life-expectancy-progress-1990-2013
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Figure 4 The 28 YLDs-Ts in 2004 and 2013. Comparison of
YLDs-Ts according to the teeth in maxilla (A) and in mandible
(B). In 2013, the YLDs-Ts for the first molars, particularly in
mandible, were decreased when compared with that in
2004 (YLDs-T Z the years lived with disability for tooth loss).
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varied accordingly, regardless of the year of 2004 and 2013.
It is generally believed that teeth are individualized
because of their anatomy, physiology, and occlusion,8

whereas the reasons for their loss might also vary. Such
conditions may further imply the burdens suffered by
different teeth at varying ages.

In this study, 28 YLDs-Ts were obtained (Fig. 3AeB) to
elaborate on the national burden of tooth loss. Among
these YLDs-Ts, one- and two-peak patterns were observed,
like those of ASTER-Ts (Fig. 2AeB). However, the distribu-
tion of age-specific YLDs-Ts considerably differed compared
with that for ASTER-Ts, particularly for the two-peak pat-
terns. For the mandibular left first molar, for example, the
peak value of YLDs-T at 21 years (214 and 117 per 100,000
population for 2004 and 2013, respectively) was more
extensive than that at 65 years (114 and 100 per 100,000
population for 2004 and 2013, respectively) (Fig. 3F).
However, the ASTER-T value at the age of 21 years old
(0.78% and 0.37% in 2004 and 2013, respectively) was less
than that at age 65 (0.84% and 0.68% in 2004 and 2013,
respectively) (Fig. 2F). Moreover, high (with a maximum)
YLDs-T values were noted for the mandibular left first
molars at young ages less than 35 years.

In the present study, the sum of the 28 YLDs-Ts was
obtained, that are, 1380 and 1445 per 100,000 population in
2004 and 2013. GBD studies have reported disability-
adjusted life years (DALYs) for total tooth loss (for those
having fewer than nine remaining permanent teeth)3,7 and
1369
predicted DALYs of 117 and 113 per 100,000 person-years in
1990 and 2015, respectively. Given the dissimilarity among
the 28 YLDs-Ts, the exact burden for tooth loss might be
over- or under-estimated, including the application of LE to
estimate the length of the missing tooth. In this study,
nevertheless, the YLDs-T was accounted for based on the
LET obtained, and the amount of tooth lost accumulated for
that tooth, as well as the selected disability weight
(0.00429). The burden of total tooth loss observed in the
past studies and the sum of 28 YLDs-Ts measured in the
present research might yield different insights; neverthe-
less, both might provide certain directions for the health
sector.7 Moreover, the global burden of tooth loss reported
was based on the definition of “having fewer than 9
remaining permanent teeth”.3,7,17 In this definition, the
burden of tooth loss is collecting the information located in
edentulous or a severe condition of tooth loss. The present
results may offer a further detailed information related to
the individual tooth loss, which may be much fitting the
definition of public health - preventing disease, prolonging
life, and improving health.

This study encountered several limitations. First, the
cross-sectional data examined and analyzed were limited
to the years 2004 and 2013. Second, the disability weight
selected in this study was still arbitrary. Third, the data
related to the disability-adjusted of life years (DALYs) did
not present in this study. One of the reasons is asymmet-
rical between the years of potential life lost due to pre-
mature deaths (YLL) and that due to premature tooth loss
(YLL-T). If selecting the YLL as the YLL-T, the over-
estimation of tooth loss might be occurred because of the
involving the decedent patients, including those teeth were
not lost. Forth, the claims data set excluded the exact
reasons for tooth extraction. Nevertheless, this study may
provide novel insights into tooth loss and the burden due to
tooth loss based on tooth individualism, whereas longitu-
dinal evaluation is indicated.

In conclusion, the national ASTER, LET, and YLDs-T for
each permanent tooth were estimated based on the
empirical data from NHI of Taiwan in 2004 and 2013. For the
tooth types of incisors, canines, and premolars, similar
ASTERs, LETs, and YLDs-Ts were obtained in 2004 and 2013.
However, in the first molars, particularly for mandibles, the
values between the observation years were much varied at
young ages: LETs increased but ASTERs/YLDs-Ts decreased
in 2013 if compared to that in 2004. The findings implicate
the results from the efforts of the entire dental care pro-
gram according to the individual tooth type of molars, while
the superior interventions for dental public health in early
prevention are still needed.

Declaration of competing interest

The authors have no conflicts of interest relevant to this
article.

Acknowledgments

The authors received no financial support for this study and
we thank all experts of BNHI in Taiwan that have partici-
pated in the development of the LET.



L.-Y. Liang, M.-C. Tsai, K.-C. Shih et al.
References

1. Kosaka T, Kida M. Tooth loss leads to reduced nutrient intake in
middle-aged and older Japanese individuals. Environ Health
Prev Med 2019;24:15.

2. Peres MA, Macpherson LMD, Weyant RJ, et al. Oral diseases: a
global public health challenge. Lancet 2019;394:249e60.

3. Marcenes W, Kassebaum NJ, Bernabe E, et al. Global burden of
oral conditions in 1990-2010: a systematic analysis. J Dent Res
2013;92:592e7.

4. Griffin SO, Jones JA, Brunson D, Griffin PM, Bailey WD. Burden
of oral disease among older adults and implications for public
health priorities. Am J Public Health 2012;102:411e8.

5. Petersen PE, Yamamoto T. Improving the oral health of older
people: the approach of the WHO Global Oral Health Pro-
gramme. Community Dent Oral Epidemiol 2005;33:81e92.

6. Luo J, Wu B, Zhao Q, et al. Association between tooth loss and
cognitive function among 3063 Chinese older adults: a
community-based study. PLoS One 2015;10:e0120986.

7. Kassebaum NJ, Smith AGC, Bernabe E, et al. Global, regional,
and national prevalence, incidence, and disability-adjusted
life years for oral conditions for 195 countries, 1990-2015: a
systematic analysis for the Global Burden of Diseases, injuries,
and risk factors. J Dent Res 2017;96:380e7.

8. Nelson SJ. In: Wheeler’s dental anatomy, physiology, and oc-
clusion, 10th ed. St. Louis, Missouri: Elsevier Saunders, 2015.

9. Mathers CD, Robine JM. How good is Sullivan’s method for
monitoring changes in population health expectancies? J Epi-
demiol Community Health 1997;51:80e6.

10. Kay E, Locker D, Blinkhorn A. A method of estimating tooth life
expectancy. J Eval Clin Pract 1996;2:281e6.

11. Davis K, Huang AT. Learning from Taiwan: experience with
universal health insurance. Ann Intern Med 2008;148:313e4.

12. Wen CP, Tsai SP, Chung WS. A 10-year experience with uni-
versal health insurance in Taiwan: measuring changes in health
and health disparity. Ann Intern Med 2008;148:258e67.

13. Murray CJ, Lopez AD. Global mortality, disability, and the
contribution of risk factors: Global Burden of Disease Study.
Lancet 1997;349:1436e42.
1370
14. Imai K, Soneji S. On the estimation of disability-free life ex-
pectancy: Sullivan’ method and its extension. J Am Stat Assoc
2007;102:1199e211.

15. Murray CJ, Lopez AD. Alternative projections of mortality and
disability by cause 1990-2020: Global Burden of Disease Study.
Lancet 1997;349:1498e504.

16. Haagsma JA, Polinder S, Cassini A, Colzani E, Havelaar AH.
Review of disability weight studies: comparison of methodo-
logical choices and values. Popul Health Metr 2014;12:20.

17. Vos T, Flaxman AD, Naghavi M, et al. Years lived with disability
(YLDs) for 1160 sequelae of 289 diseases and injuries 1990-
2010: a systematic analysis for the Global Burden of Disease
Study 2010. Lancet 2012;380:2163e96.

18. Oginni FO. Tooth loss in a sub-urban Nigerian population:
causes and pattern of mortality revisited. Int Dent J 2005;55:
17e23.

19. Jafarian M, Etebarian A. Reasons for extraction of permanent
teeth in general dental practices in Tehran, Iran. Med Princ
Pract 2013;22:239e44.

20. Cunha MA, Lino PA, Santos TR, et al. A 15-year time-series
study of tooth extraction in Brazil. Medicine (Baltimore)
2015;94:e1924.

21. Alves LS, Susin C, Dame-Teixeira N, Maltz M. Tooth loss prev-
alence and risk indicators among 12-year-old schoolchildren
from South Brazil. Caries Res 2014;48:347e52.

22. Corraini P, Baelum V, Pannuti CM, et al. Tooth loss prevalence
and risk indicators in an isolated population of Brazil. Acta
Odontol Scand 2009;67:297e303.

23. Alesia K, Khalil HS. Reasons for and patterns relating to the
extraction of permanent teeth in a subset of the Saudi popu-
lation. Clin Cosmet Investig Dent 2013;5:51e6.

24. Akinci Cansunar H, Uysal T. Comparison of orthodontic treat-
ment outcomes in nonextraction, 2 maxillary premolar
extraction, and 4 premolar extraction protocols with the
American Board of Orthodontics objective grading system. Am
J Orthod Dentofacial Orthop 2014;145:595e602.

25. Alshahrani I, Tikare S, Meer Z, et al. Prevalence of dental
caries among male students aged 15-17 years in southern Asir,
Saudi Arabia. Saudi Dent J 2018;30:214e8.

http://refhub.elsevier.com/S1991-7902(22)00096-4/sref1
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref1
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref1
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref2
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref2
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref2
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref3
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref3
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref3
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref3
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref4
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref4
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref4
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref4
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref5
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref5
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref5
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref5
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref6
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref6
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref6
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref7
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref7
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref7
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref7
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref7
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref7
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref8
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref8
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref9
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref9
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref9
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref9
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref10
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref10
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref10
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref11
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref11
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref11
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref12
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref12
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref12
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref12
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref13
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref13
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref13
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref13
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref14
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref14
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref14
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref14
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref15
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref15
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref15
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref15
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref16
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref16
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref16
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref17
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref17
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref17
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref17
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref17
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref18
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref18
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref18
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref18
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref19
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref19
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref19
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref19
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref20
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref20
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref20
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref21
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref21
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref21
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref21
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref22
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref22
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref22
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref22
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref23
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref23
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref23
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref23
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref24
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref24
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref24
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref24
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref24
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref24
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref25
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref25
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref25
http://refhub.elsevier.com/S1991-7902(22)00096-4/sref25

	Tooth life expectancy and burden of tooth loss: Two cross-sectional studies in Taiwan
	Introduction
	Materials and methods
	Data collection and study population
	Analysis method

	Results
	Age-specific mortality rate and age-specific tooth-extraction rate
	Life expectancy and life expectancy for tooth
	Years lived with disability for tooth loss

	Discussion
	Declaration of competing interest
	Declaration of competing interest
	Acknowledgments
	References


