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Objective: There are currently no integrated data on the trend of dental caries amongst dis-

tinct age groups in Iran. We aimed to assess the national and subnational trend of dental

caries of permanent teeth in Iran from 1990 to 2017.

Methods: A literature search about dental caries and the decayed-missing-filled teeth index

(DMFT) was performed in PubMed, Web of Science, Scopus, and 3 national databases (in Per-

sian). All eligible national oral health surveys in these 28 years were included. We categorised

and aggregated the DMFT values and their components based on age (5-year-based groups

from 5 to 9 to 60+ years), sex, year, and province. The data for missing spots were estimated

using the spatiotemporal Bayesian hierarchical model. We used the bootstrap method in mul-

tilevel models to predict the uncertainty interval (UI) of the modelled results.

Results: Nationally, the all-ages mean DMFT increased by nearly 58.0% (6.8 [95% UI,

4.1−10.5] in 1990 to 10.8 [95% UI, 7.5−14.5] in 2017). Decayed teeth (DT) and missing teeth

(MT) rose by 84.5% and 31.6% during this period, respectively. Filled teeth (FT) showed

almost a 2.6-fold increase in the same period from 0.6 (95%UI, 0.01−1.6) in 1990 to 1.7 (95%

UI, 0.6−2.8) in 2017. The proportion of DT and FT continuously increased in both sexes. In

2017, the highest DT, MT, and FT were estimated in the 25−29 (4.9 [95% UI, 2.5−7.2]), 60+

(21.5 [95%UI, 17.5−25.4]), and 35−39 (2.6 [95%UI, 1.3−4.0]) year age groups.

Conclusions: Caries of permanent dentition levies a growing burden on the Iranian popula-

tion. Considering the continuous increase in caries during the 1990−2017 period, Iranian

policymakers should pay heed to these findings and react more proactively to mitigate this
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perpetuating issue. Implementing nationwide interventions such as sugar consumption

management should be encouraged to achieve sustainable outcomes in this regards.

� 2023 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)TaggedAPTARAEnd
TaggedAPTARAH1Introduction TaggedAPTARAEnd

TaggedAPTARAPOral diseases have continuously been depicted as a critical

health condition afflicting nearly 3.5 billion individuals

worldwide in 2017.1 Oral disorders can cause severe pain and

discomfort,2 be associated with general morbidities (includ-

ing oral cancer, pulmonary diseases, diabetes, cardiovascular

diseases, and chronic kidney disease),3-10 and lessen oral

health−related quality of life.11 They impose a significant

financial burden on health systems and are estimated to be

the sixth most costly health condition.11 TaggedAPTARAEnd

TaggedAPTARAPThere have been some efforts, mostly in developed coun-

tries such as the US,5 the UK,6 and Sweden,7 to develop

decayed-missing-filled teeth index (DMFT)−based dental car-

ies surveys and registries. Similar to European regions, other

countries, including Iran, tangibly need such surveys to be

informed about the oral health status of their populations

instead of solely estimations. Hence, a regular national oral

health surveillance programme is still lacking in Iran. Based

on the current literature, only one published report is avail-

able, regarding a national oral health surveillance in Iran that

was performed in 2012 and published in 2018.12TaggedAPTARAEnd

TaggedAPTARAPTo the best of our knowledge, there are a lot of published

and available data regarding dental caries in the Iranian popu-

lation. For instance, a recent systematic review andmeta-anal-

ysis has been performed to estimate the DMFT of the Iranian

population. However, most of the included studies were con-

ducted on children and young adolescents, and only 4 of the 69

included studies were conducted in the adult population. Also,

the reported prevalence of untreated caries and mean DMFT

differ from the results of the previously mentioned national

survey.13,14 Thus, due to the lack of surveys, lack of subnational

data, lack of data for both sexes and different age groups, and

noticeable heterogeneity in the validity of their findings, there

is a limitation to assess the national and subnational burden of

dental caries in Iran. Identifying major oral health challenges

at both the national and the subnational level is necessary for

oral health policymakers to guide their decision in future policy

planning to improve the oral health of Iranian population.

Hence, a national and subnational trend of dental caries can

mitigate this problem and provide a better perspective of the

current situation for oral health policymakers. The findings of

such a descriptive report can serve as a baseline in monitoring

the progress of policies seeking to address permanent dental

caries status in Iran. As no previous study has reported the esti-

mated trend of DMFT in Iran amongst the general population,

we aimed to estimate the trend of dental caries in permanent

teeth in the Iranian population at different ages from 1990 to

2017 by using the age-spatiotemporal statistical model.15 This

model uses advanced prediction analysis to estimate how a

certain variable (in this case, DMFT and its components) varies

across time, space, and age.TaggedAPTARAEnd
TaggedAPTARAH1Methods andmaterials TaggedAPTARAEnd

TaggedAPTARAPThis is a part of a more extensive study aiming to assess the

prevailing status of dental caries, periodontal disease, and

severe tooth loss in different age groups in Iran. Seeking to

assess dental caries in permanent teeth, we performed a sys-

tematic search of the literature in English and Persian data-

bases to obtain all the relevant literature. Thereafter, we

screened the eligible studies using 3 criteria: study type, study

population, and sampling method. Data extraction was per-

formed after assessing the quality of data using the Strength-

ening the Reporting of Observational Studies in Epidemiology

(STROBE) Statement.16,17 Also, our study complies with the

Guidelines for Accurate and Transparent Health Estimates

Reporting (GATHER). TaggedAPTARAEnd

TaggedAPTARAPData analyses and estimations were conducted using the

spatiotemporal Bayesian hierarchical model. The detailed

methodology of this study is available as a previously pub-

lished protocol.17,18 The authors have used the samemethod-

ology to estimate the trend of deciduous dental caries within

the same time span that has been previously published.17 A

more comprehensive description of the data sources, quality

assessment process, and statistical analysis is available in

the aforementioned study.17,18TaggedAPTARAEnd

TaggedAPTARAH2Data sources TaggedAPTARAEnd

TaggedAPTARAPThe data sources used in this study include (1) national

oral health surveys (1998, 2002, 2004, 2013, and 2016), (2)

national health surveys (1990 and 1999), (3) Behvarz Health

Study, and (4) published articles and gray literature. In the

Behvarz Cohort Study, all employed and retired Iranian

rural primary health care workers and the second-grade

Behvarz students were recruited. The complete oral

examinations in addition to the records of medical,

anthropometric indices, self-administered questionnaires,

Food Frequency Questionnaire, and laboratory tests were

gathered.17 TaggedAPTARAEnd

TaggedAPTARAPAvailable published literature TaggedAPTARAEnd
TaggedAPTARAPLiterature published in English and Persian was searched in

the following databases: PubMed, Web of Science, Scopus,

and Iranian databases (IranMedex and SID [Scientific Infor-

mation Database]). Further information regarding the search

strategy, selection criteria, included studies, PRISMA flow dia-

gram, and study characteristics is available in Appendix 1A

and 1B.17 TaggedAPTARAEnd

TaggedAPTARAPQuality assessment and data extraction TaggedAPTARAEnd
TaggedAPTARAPA comprehensive quality assessment form was used in 4

steps to assess the quality of articles with different sampling

and measuring methods. We used a data extraction sheet to

http://creativecommons.org/licenses/by-nc-nd/4.0/
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prepare a summary of findings table based on sex, age, and

sample size in related age and sex groups, prevalence, inci-

dence, mean, standard deviation, standard error, and confi-

dence intervals (Appendix 2 and 3).17TaggedAPTARAEnd

TaggedAPTARAH2Statistical methods and analysis TaggedAPTARAEnd

TaggedAPTARAPStatistical analyses were performed using STATA V.14.0 and

R V.3.5.2 (R Core Team, R Foundation for Statistical Comput-

ing) with Age-Spatial-Temporal Model V.0.1.0 package.17 Fur-

ther information regarding the statistical model we used is

available in Appendix 4.TaggedAPTARAEnd

TaggedAPTARAPThe present study is based on secondary data, and there is

no specific ethical consideration. The NASBOD study was

approved by the Ethical Committee of Endocrinology and

Metabolism Research Institute, Tehran University of Medical

Sciences, under code IR.TUMS.EMRI.REC.1397.022. As we

used no individual data, the need for informed consent was

waived by the Ethical Committee of Endocrinology and

Metabolism Research Institute, Tehran University of Medical

Sciences. This study was conducted in accordance with the

Declaration of Helsinki. TaggedAPTARAEnd
TaggedAPTARAH1Results TaggedAPTARAEnd

TaggedAPTARAH2National DMFT in all ages and sexesTaggedAPTARAEnd

TaggedAPTARAPOverall, Iranians had caries experience in almost one-

fourth of their teeth in 1990 (DMFT = 6.8 [95% UI, 4.1−10.5]);

almost 63% was attributed to missing teeth (MT = 4.3 [95%

UI, 2.4−7.0]) and less than 10% to filled teeth (FT = 0.6 [95%

UI, 0.1−1.6]). From 1990 to 2017, DMFT and MT increased (in

2017, DMFT = 10.8 [95% UI, 7.5−14.5] and MT = 5.7 [95% UI,

3.4−9.0]) more than 57% and 31%, respectively. Besides,

FT showed almost a 2.6-fold increase (2017 FT = 1.7 [95% UI,

0.6−2.8]) (Table). The sex difference in the DMFT was 0.02

in 1990 for all ages: 6.8 (95% UI, 4.1−10.5) and 6.9 (95% UI,

4.2−10.5) in males and females, respectively. Whilst

remaining fairly close to each other, the DMFT values

increased in both sexes in 2017: 10.80 (95% UI, 7.54−14.54)

and 10.81 (95% UI, 7.56−14.55) in males and females,

sequentially. TaggedAPTARAEnd

TaggedAPTARAH2Children (5−9, 10−14, and 15−19 years) TaggedAPTARAEnd

TaggedAPTARAPThe mean number of DMFT and decayed teeth (DT) stayed

almost steady for the age groups younger than 19 from 1990

to 2017 (Figure 1, Table, Appendix 5).TaggedAPTARAEnd

TaggedAPTARAH2Younger adults (20−24, 25−29, and 30−34 years) TaggedAPTARAEnd

TaggedAPTARAPAmongst the younger adults, the mean DMFT increased from

1990 to 2017, with the highest and lowest increases being in

the 30−34 (DMFT increase = 1.0) and 20−24 (DMFT

increase = 0.6) year age groups, respectively. Males had lower

mean DMFT in all the age groups in 1990 whilst it altered in

2017 among the 25-29 age group. Whilst the number of MT

decreased from 3.6 (0.3−7.2) during 1990 to 1.4 (0−5.2) 2017,
the numbers of DT [1990: 3 (0.8−5.2), 2017: 4.9 (2.5−7.2)] and
FT [1990: 1.2 (0.1−2.5), 2017: 2.3 (1−3.7)] increased (Figure 1

and Table).TaggedAPTARAEnd

TaggedAPTARAH2Middle age (35−39, 40−44, and 45−49 years) TaggedAPTARAEnd

TaggedAPTARAPAlmost one-third of DMFT belonged to the MT in the 35−39
year age group. In these age groups, DMFT slightly increased

during 1990−2017 (45−49: 13.9 [95% UI, 10.1−17.7] in 1990 and

15.2 [95% UI, 11.4−18.9] in 2017). These rises were due to

increased DT and FT, whereas the number of MT decreased.

Although males had a lower number of FT in all 3 age groups,

their DMFT, DT, and MT were higher than females’ (Figure 1

and Table).TaggedAPTARAEnd

TaggedAPTARAH2Older adults (50−54 and 55−59 years) TaggedAPTARAEnd

TaggedAPTARAPThe DMFT in older adults showed a slight increase from 1990

to 2017 (1990: 15.2 [95% UI, 11.4−19.0]; 2017: 17.2 [95% UI, 13.3

−20.9]). In older adults, more than three-fourths of the DMFT

is attributed to MT in 2017. Males had a lower FT than

females, whereas the number of missing DMFT, DT, and MT

was higher in males (Figure 1 and Table).TaggedAPTARAEnd

TaggedAPTARAH2Elderly adults (60+ years) TaggedAPTARAEnd

TaggedAPTARAPThe DMFT amongst this population increased from 22.6 (95%

UI, 18.8−26.4) in 1990 to 24.9 (95% UI, 21.1−28.7) in 2017. More

than 86% of the DMFT is attributed to missing teeth in 2017.

Males had a slightly higher DMFT than females—25.3 (95% UI,

21.5−29.0) vs 24.9 (95% UI, 21.2−28.7) in 2017. The figure for

MTwas nearly 2 units higher in males (Figure 1 and Table).TaggedAPTARAEnd

TaggedAPTARAH2Provinces TaggedAPTARAEnd

TaggedAPTARAPAge-standardised DMFT increased in 30 provinces from 1990

to 2017. The highest and lowest differences in age-standar-

dised DMFT values during 28 years were observed in Hormoz-

gan, with 2 increases (7.5 in 1990 and 9.5 in 2017), and

Semnan, with 0.8 decrease (10.4 in 1990 and 9.6 in 2017).

Southern provinces (Bushehr, Sistan and Baluchistan, and

Khuzestan) showed the least age-standardised DMFT,

whereas northwestern provinces (Kurdistan, East Azerbaijan,

and Ardabil) had the highest age-standardised DMFT in Iran,

in 2017 (Figure 2). TaggedAPTARAEnd

TaggedAPTARAPWhen examining DMFT components (DT, MT, and FT), the

mean of age-standardised MT decreased in all provinces

whilst the mean of DT and FT significantly increased (Figure 2

and 3 and Appendix 6−9). The most notable increase hap-

pened in the FT and MT subcategories, converting from 1.2 to

1.4 between 1990 and 2017; these values were constant for

the DT (1.9 in 1990 and 2017). TaggedAPTARAEnd
TaggedAPTARAH1Discussion TaggedAPTARAEnd

TaggedAPTARAPThis is the first national study to estimate the trend of perma-

nent dental caries in Iran. Despite several studies on the sta-

tus of dental caries amongst certain age groups in different

locations in Iran, none evaluated the trend of dental caries in

Iran.12,14,19,20 According to our findings, the overall figure of



Table 1 – TaggedAPTARACaptionMean number of decayed, missing, and filled teeth and caries experience (DMFT) for Iran, 1990−2017 TaggedAPTARAEnd

Age group, yTaggedAPTARAEnd Year TaggedAPTARAEnd DMFTTaggedAPTARAEnd DT TaggedAPTARAEnd MT TaggedAPTARAEnd FT TaggedAPTARAEndTaggedAPTARAEndTaggedAPTARAEndTaggedAPTARATbody

5−9TaggedAPTARAEnd 1990 TaggedAPTARAEnd 0 (0−3.3) TaggedAPTARAEnd 0 (0−0) TaggedAPTARAEnd 0 (0−0) TaggedAPTARAEnd 0 (0−0)TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 0.1 (0−3.9) TaggedAPTARAEnd 0.1 (0−0.8) TaggedAPTARAEnd 0 (0−1) TaggedAPTARAEnd 0 (0−0.4)TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 0.1 (0−3.8) TaggedAPTARAEnd 0.1 (0−0.4) TaggedAPTARAEnd 0 (0−0.5) TaggedAPTARAEnd 0 (0−0.2)TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 0 (0−3.4) TaggedAPTARAEnd 0 (0−0) TaggedAPTARAEnd 0 (0−0) TaggedAPTARAEnd 0 (0−0)TaggedAPTARAEndTaggedAPTARAEnd

10−14 TaggedAPTARAEnd 1990 TaggedAPTARAEnd 1.6 (0−5.4) TaggedAPTARAEnd 1.4 (0.1−2.9) TaggedAPTARAEnd 0 (0−2.5) TaggedAPTARAEnd 0.2 (0−1.1)TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 2.1 (0−5.9) TaggedAPTARAEnd 1.7 (0−4) TaggedAPTARAEnd 0 (0−3.8) TaggedAPTARAEnd 0.3 (0−1.7)TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 2 (0−5.8) TaggedAPTARAEnd 1.5 (0−3.5) TaggedAPTARAEnd 0 (0−2.9) TaggedAPTARAEnd 0.4 (0−1.6)TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 1.6 (0−5.4) TaggedAPTARAEnd 1.2 (0.1−2.4) TaggedAPTARAEnd 0 (0−1.4) TaggedAPTARAEnd 0.4 (0−1.1)TaggedAPTARAEndTaggedAPTARAEnd

15−19 TaggedAPTARAEnd 1990 TaggedAPTARAEnd 3.6 (0.2−7.5)TaggedAPTARAEnd 2.4 (0.5−4.2) TaggedAPTARAEnd 0.8 (0−3.9) TaggedAPTARAEnd 0.5 (0−1.6)TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 4.1 (0.4−7.8)TaggedAPTARAEnd 2.7 (0.4−5.1) TaggedAPTARAEnd 0.6 (0−4.5) TaggedAPTARAEnd 0.7 (0−2.1)TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 4 (0.3−7.8)TaggedAPTARAEnd 3 (0.7−5.3) TaggedAPTARAEnd 0 (0−3.7) TaggedAPTARAEnd 1 (0−2.3)TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 3.6 (0.2−7.4)TaggedAPTARAEnd 2.7 (0.9−4.4) TaggedAPTARAEnd 0 (0−1.9) TaggedAPTARAEnd 1 (0.1−2)TaggedAPTARAEndTaggedAPTARAEnd

20−24 TaggedAPTARAEnd 1990 TaggedAPTARAEnd 5.7 (1.9−9.5)TaggedAPTARAEnd 2.8 (0.8−4.8) TaggedAPTARAEnd 2.2 (0−5.6) TaggedAPTARAEnd 0.8 (0−2)TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 6.3 (2.5−10.1)TaggedAPTARAEnd 3.3 (0.9−5.6) TaggedAPTARAEnd 1.9 (0−5.9) TaggedAPTARAEnd 1.1 (0.1−2.5) TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 6.4 (2.6−10.2)TaggedAPTARAEnd 3.9 (1.5−6.3) TaggedAPTARAEnd 1.1 (0−5.1) TaggedAPTARAEnd 1.4 (0.2−2.8) TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 6.3 (2.5−10)TaggedAPTARAEnd 4.3 (2.1−6.6) TaggedAPTARAEnd 0.2 (0−3.7) TaggedAPTARAEnd 1.7 (0.4−3)TaggedAPTARAEndTaggedAPTARAEnd

25−29 TaggedAPTARAEnd 1990 TaggedAPTARAEnd 7.8 (4−11.6) TaggedAPTARAEnd 3 (0.8−5.2) TaggedAPTARAEnd 3.6 (0.3−7.2) TaggedAPTARAEnd 1.2 (0.1−2.5) TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 8.5 (4.6−12.3)TaggedAPTARAEnd 3.4 (1−5.9) TaggedAPTARAEnd 3.5 (0.1−7.5) TaggedAPTARAEnd 1.6 (0.3−2.9) TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 8.7 (4.9−12.5)TaggedAPTARAEnd 4.1 (1.7−6.5) TaggedAPTARAEnd 2.6 (0−6.6) TaggedAPTARAEnd 2 (0.6−3.4) TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 8.6 (4.8−12.3)TaggedAPTARAEnd 4.9 (2.5−7.2) TaggedAPTARAEnd 1.4 (0−5.2) TaggedAPTARAEnd 2.3 (1−3.7)TaggedAPTARAEndTaggedAPTARAEnd

30−34 TaggedAPTARAEnd 1990 TaggedAPTARAEnd 9.3 (5.5−13.1)TaggedAPTARAEnd 2.9 (0.7−5.1) TaggedAPTARAEnd 5 (1.4−8.7) TaggedAPTARAEnd 1.3 (0.3−2.6) TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 10.1 (6.3−13.9)TaggedAPTARAEnd 3.3 (0.9−5.7) TaggedAPTARAEnd 5.1 (1.2−9.1) TaggedAPTARAEnd 1.7 (0.4−3.1) TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 10.4 (6.5−14.2)TaggedAPTARAEnd 4 (1.6−6.5) TaggedAPTARAEnd 4.2 (0.5−8.2) TaggedAPTARAEnd 2.2 (0.8−3.6) TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 10.3 (6.5−14.1)TaggedAPTARAEnd 4.8 (2.5−7.2) TaggedAPTARAEnd 2.9 (0.1−6.8) TaggedAPTARAEnd 2.6 (1.2−3.9) TaggedAPTARAEndTaggedAPTARAEnd

35−39 TaggedAPTARAEnd 1990 TaggedAPTARAEnd 10.8 (7.1−14.6)TaggedAPTARAEnd 2.8 (0.6−4.9) TaggedAPTARAEnd 6.7 (3−10.3) TaggedAPTARAEnd 1.4 (0.3−2.7) TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 11.7 (7.9−15.5)TaggedAPTARAEnd 3.2 (0.8−5.5) TaggedAPTARAEnd 6.7 (2.8−10.7) TaggedAPTARAEnd 1.8 (0.5−3.2) TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 12.1 (8.3−15.9)TaggedAPTARAEnd 3.9 (1.5−6.3) TaggedAPTARAEnd 5.9 (1.9−9.9) TaggedAPTARAEnd 2.2 (0.9−3.6) TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 12 (8.2−15.8)TaggedAPTARAEnd 4.7 (2.3−7)TaggedAPTARAEnd 4.7 (1−8.6) TaggedAPTARAEnd 2.6 (1.3−4)TaggedAPTARAEndTaggedAPTARAEnd

40−44 TaggedAPTARAEnd 1990 TaggedAPTARAEnd 12.4 (8.6−16.2)TaggedAPTARAEnd 2.6 (0.5−4.7) TaggedAPTARAEnd 8.6 (4.9−12.2) TaggedAPTARAEnd 1.3 (0.3−2.5) TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 13.3 (9.5−17.1)TaggedAPTARAEnd 2.9 (0.6−5.3) TaggedAPTARAEnd 8.7 (4.8−12.6) TaggedAPTARAEnd 1.7 (0.4−3)TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 13.6 (9.8−17.4)TaggedAPTARAEnd 3.6 (1.2−6)TaggedAPTARAEnd 7.9 (3.9−12)TaggedAPTARAEnd 2.1 (0.7−3.4) TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 13.5 (9.7−17.3)TaggedAPTARAEnd 4.3 (2−6.7) TaggedAPTARAEnd 6.8 (2.8−10.7) T aggedAPTARAEnd 2.4 (1.1−3.7) TaggedAPTARAEndTaggedAPTARAEnd

45−49 TaggedAPTARAEnd 1990 TaggedAPTARAEnd 13.9 (10.1−17.7) TaggedAPTARAEnd 2.4 (0.3−4.5) TaggedAPTARAEnd 10.3 (6.8−13.9) TaggedAPTARAEnd 1.2 (0.3−2.4) TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 14.8 (11−18.6) TaggedAPTARAEnd 2.7 (0.4−5)TaggedAPTARAEnd 10.6 (6.7−14.5) TaggedAPTARAEnd 1.5 (0.3−2.8) TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 15.2 (11.4−19) TaggedAPTARAEnd 3.4 (1−5.8) TaggedAPTARAEnd 10 (6−14) TaggedAPTARAEnd 1.8 (0.5−3.2) TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 15.2 (11.4−18.9) TaggedAPTARAEnd 4.1 (1.7−6.5) TaggedAPTARAEnd 8.9 (5−12.9) TaggedAPTARAEnd 2.1 (0.8−3.5) TaggedAPTARAEndTaggedAPTARAEnd

50−54 TaggedAPTARAEnd 1990 TaggedAPTARAEnd 15.2 (11.4−19) TaggedAPTARAEnd 2.1 (0.2−4.1) TaggedAPTARAEnd 12.2 (8.8−15.6) TaggedAPTARAEnd 0.9 (0.2−2.1) TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 16.3 (12.5−20.1) TaggedAPTARAEnd 2.4 (0.2−4.6) TaggedAPTARAEnd 12.8 (9−16.6) TaggedAPTARAEnd 1.1 (0.1−2.4) TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 17 (13.1−20.8) TaggedAPTARAEnd 3 (0.7−5.4) TaggedAPTARAEnd 12.6 (8.6−16.5) TaggedAPTARAEnd 1.4 (0.2−2.7) TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 17.2 (13.3−20.9) TaggedAPTARAEnd 3.7 (1.4−6.1) TaggedAPTARAEnd 11.8 (7.9−15.7) TaggedAPTARAEnd 1.6 (0.4−3)TaggedAPTARAEndTaggedAPTARAEnd

55−59 TaggedAPTARAEnd 1990 TaggedAPTARAEnd 17.7 (13.9−21.5) TaggedAPTARAEnd 1.9 (0.1−4)TaggedAPTARAEnd 15.1 (11.6−18.6) TaggedAPTARAEnd 0.7 (0−1.9)TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 19 (15.2−22.8) TaggedAPTARAEnd 2.1 (0.2−4.4) TaggedAPTARAEnd 16 (12.2−19.9) TaggedAPTARAEnd 0.8 (0−2.1)TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 19.4 (15.6−23.3) TaggedAPTARAEnd 2.7 (0.5−5.1) TaggedAPTARAEnd 15.7 (11.7−19.7) TaggedAPTARAEnd 1.1 (0.1−2.4) TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 19.4 (15.6−23.2) TaggedAPTARAEnd 3.3 (1−5.7) TaggedAPTARAEnd 14.7 (10.8−18.7) TaggedAPTARAEnd 1.3 (0.2−2.7) TaggedAPTARAEndTaggedAPTARAEnd

60+TaggedAPTARAEnd 1990 TaggedAPTARAEnd 22.6 (18.8−26.4) TaggedAPTARAEnd 1.9 (0.2−4.1) TaggedAPTARAEnd 20.4 (16.7−24.1) TaggedAPTARAEnd 0.4 (0−1.7)TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 24.6 (20.8−28.4) TaggedAPTARAEnd 1.8 (0.1−4.2) TaggedAPTARAEnd 22.2 (18.3−26.2) TaggedAPTARAEnd 0.5 (0−1.9)TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 25.3 (21.4−29.1) TaggedAPTARAEnd 2.2 (0.3−4.6) TaggedAPTARAEnd 22.4 (18.3−26.4) TaggedAPTARAEnd 0.8 (0−2.2)TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 24.9 (21.2−28.7) TaggedAPTARAEnd 2.5 (0.5−4.9) TaggedAPTARAEnd 21.5 (17.5−25.4) T aggedAPTARAEnd 1 (0.1−2.4) TaggedAPTARAEndTaggedAPTARAEnd

All ages TaggedAPTARAEnd 1990 TaggedAPTARAEnd 6.8 (4.1−10.5)TaggedAPTARAEnd 1.9 (0.4−3.5) TaggedAPTARAEnd 4.3 (2.5−7)TaggedAPTARAEnd 0.6 (0.1−1.6) TaggedAPTARAEndTaggedAPTARAEnd
2000 TaggedAPTARAEnd 8.4 (5.3−12.2)TaggedAPTARAEnd 2.4 (0.5−4.5) TaggedAPTARAEnd 5 (2.9−8.6) TaggedAPTARAEnd 1 (0.2−2.2) TaggedAPTARAEndTaggedAPTARAEnd
2010 TaggedAPTARAEnd 10 (6.7−13.8)TaggedAPTARAEnd 3 (1−5.2) TaggedAPTARAEnd 5.6 (3.3−9.2) TaggedAPTARAEnd 1.4 (0.3−2.6) TaggedAPTARAEndTaggedAPTARAEnd
2017 TaggedAPTARAEnd 10.8 (7.5−14.5)TaggedAPTARAEnd 3.4 (1.5−5.5) TaggedAPTARAEnd 5.7 (3.4−8.9) TaggedAPTARAEnd 1.7 (0.6−2.8) TaggedAPTARAEndTaggedAPTARAEndTaggedAPTARAEnd

DT, decayed teeth; MT, missing teeth; FT, filled teeth.TaggedAPTARAEnd

Values in parentheses represent ____95% UI_____. TaggedAPTARAEnd
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DMFT in Iran increased by more than 58% from 1990 to 2017

for both sexes and all ages. Furthermore, the trend was simi-

larly incremental in each component (ie, DT, MT, or FT). Pre-

ventive strategies are strongly emphasised to tackle this

rising trend.2,21,22TaggedAPTARAEnd

TaggedAPTARAPOur results are not generally in line with previous studies

reporting the DMFT. Soltani et al14 conducted a meta-analysis
on nonrandomised studies from 1998 to 2018. The mean

DMFT in their study was notably higher than our figures in all

of the age groups. However, making comparisons was diffi-

cult due to the different age categorisation between the 2

studies. They reported a significant amount of heterogeneity

in their studies after data synthesis, suggesting the low qual-

ity of the included studies.TaggedAPTARAEnd



TaggedAPTARAFigure

Fig. 1 –Stacked bar chart for decayed, missing, and filled teeth (DMFT) and its components in each age group 1990−2017. TaggedAPTARAEnd
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TaggedAPTARAPInterestingly, the GBD 2017 data sources for caries of per-

manent teeth in Iran included 6 studies, 5 of which were con-

ducted in distinct provinces (subnational levels). One of these

studies, conducted by Bayat-Movahed et al,23 was on a

national scale. Whilst their age group did not match with

ours, their reported DMFT values were lower compared to our

figures in the corresponding age groups. Hessari et al19 con-

ducted a national survey in Iran to assess oral health status

amongst adult age groups (35- to 44-year-olds) in 2002. Our

reported DMFT was similar to this study. According to a

national report from the Iranian National Oral Health Survey

TaggedAPTARAFigure

Loca�on dm� Loca�on dm�

Na�onal 10.8 Alborz 10.6

Bushehr 7.9 Gilan 10.8

Sistan and Baluchistan 8.9 Qom 10.8

Khuzestan 9.0 Kohgiluyeh and Boyer-
Ahmad 10.9

Hormozgan 9.5 Lorestan 10.9

Semnan 9.6 Qazvin 11.0

Fars 10.3 Yazd 11.0

Tehran 10.4 Isfahan 11.0 Cha

Fig. 2 –Subnational decayed, missing, and fille
in 2012, the DMFT values were 5.1, 2.1, 3.3, 13.2, and 25.7 for

the following age groups: 5- to 6-, 12-, 15-, 35- to 44-, and 65-

to 74-year-olds). TaggedAPTARAEnd

TaggedAPTARAPSimilar studies from the neighbouring countries are

scarce. Most of the conducted studies have focussed on the

oral health status and prevalence of dental caries amongst

12-year-old and younger children.24-26 Few studies have

reported the dental caries status of the adult population.

Based on the latest national oral health surveillance in Tur-

key,27 the DMFT of 35- to 44-year-old and 65- to 74-year-old

adults were 10.8 and 25.8, respectively. Compared to the
Loca�on dm� Loca�on dm�

Mazandaran 11.1 Kermanshah 11.6

Razavi Khorasan 11.2 Kerman 11.7

Ilam 11.2 Golestan 11.7

South Khorasan 11.2 Zanjan 11.8

North Khorasan 11.3 West Azerbaijan 11.9

Markazi 11.4 Ardabil 11.9

Hamadan 11.5 East Azerbaijan 11.9

har Mahaal and Bakh�ari 11.5 Kurdistan 11.9

d teeth (DMFT) in 2017 (age-standardised). TaggedAPTARAEnd



TaggedAPTARAFigure

Fig. 3 –Map chart for decayed, missing, and filled teeth (DMFT) and its components in 1990 and 2017 (age-standardised). TaggedAPTARAEnd
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same age groups in our study, the DMFT of the middle-aged

adult population is higher in Iran and the DMFT of the elderly

is approximately the same. Similar to our study, the rural par-

ticipants had experienced higher DMFT in both Iran and

Turkey.27,28 Similar results were obtained from a systematic

review study in Saudi Arabia. However, this study did not per-

form a meta-analysis. A rising trend was found from 1992 to

2006 amongst 35- to 44-year-old adults. The DMFT increased

from 8 to 13.24. Only 2 studies were found regarding the

DMFT of the elder population in Saudi Arabia, and the

reported DMFT for this population was 24.3 and 18.6.29

Another national report from Armenia reported the DMFT of

11.90 for 35- to 44-year-old adults.30 National trend or

reported DMFT were not found for Pakistan or Iraq. TaggedAPTARAEnd

TaggedAPTARAH2Policy implications TaggedAPTARAEnd

TaggedAPTARAPThere is growing evidence stating that oral health interven-

tions need to be radically altered to achieve the goals of bur-

den mitigation for oral disorders worldwide.31,32 In this

regard, national-scale interventions have been heeded the

most by the health care systems in recent years.33-38 The

cost-effectiveness of community water fluoridation is sub-

stantiated by several studies as well.13,39 Iran has applied a

temporary national policy for targeted delivery of fluoride to

children in elementary schools40,41; however, this programme

was stopped shortly afterwards. This was mainly due to

incompetency in intersectoral collaborations to ensure the

implementation of these policies. According to a study by

Abtahi et al42 in 2018, nearly 20% of the national dental caries

disability-adjusted life years (DALYs) was preventable by

water fluoridation. Additionally, the national DALYs prevent-

able by water fluoridation considerably increased by age.

However, water fluoridation cannot be rigorously suggested

as a national action plan for dental caries prevention due to

its questionable environmental consequences. TaggedAPTARAEnd
TaggedAPTARAPScreening programmes for adolescents and adults have

been another critical aspect of Iran’s preventive policies in tack-

ling dental caries in the last decade.12,43,44 Targeted screening

for specific subgroups by mid-level workforce in the oral health

sector (eg, dental hygienists) has been recommended.45 Also,

screening programmes have been suggested for caries detec-

tion amongst the schoolchildren; however, the effectiveness of

such screening programmes amongst the schoolchildren in

preventing dental caries and improving oral health has recently

been disputed.46 The cost-effectiveness of screening pro-

grammes is another issue concerning their practicality when

performed on a population-wide scale.47TaggedAPTARAEnd

TaggedAPTARAPFrom a socioeconomic ranking perspective, Sistan and

Baluchistan, Kurdistan, andWest Azerbaijan are the 3 provin-

ces with the lowest human development index in Iran,

respectively.48 Based on our results, Kurdistan and West

Azerbaijan ranked first and fourth for the age-standardised

DMFT values in 2017. This is supporting the role of socioeco-

nomic determinants in dental caries. However, Sistan and

Baluchistan ranked 30th (amongst 31 provinces) for DMFT

values. According to the WHO STEPwise approach to non-

communicable diseases risk factor surveillance (STEPs) 2016

study, people who live in this province had the lowest body

mass index mean and prevalence of obesity, which can be a

consequence of a diet low in sugar.49 Another plausible rea-

son for the low level of DMFT in this province might be its rel-

atively high fluoride content in drinking water. The south and

southeast provinces of Iran generally have higher fluoride

content in drinking water due to their proximity to the Per-

sian Gulf and Oman Sea.50TaggedAPTARAEnd

TaggedAPTARAPWhen assessing dental caries amongst distinct age groups,

a noticeable decrease in the proportion of FT and an increase

in the MT were noted with advancing age. On the other hand,

in both males and females, the mean number of FT increased

from 10- to 14-year-olds and peaked at 35- to 39-year-olds.

This figure then decreased with advancing age. These trends
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imply a possible change in the pattern of dental treatments in

Iran during the last decades. The patient care-seeking behav-

iour and the practitioner treatment approach have moved

towards a more conservative approach: Minimal intervention

dentistry strives to keep the dentition intact as much as pos-

sible whilst avoiding the “tooth death spiral.”2 This approach,

along with the prevention-focussed care delivery, can even-

tually decrease the costs of more complex treatments and

pave the way for a universal health coverage agenda.2,51TaggedAPTARAEnd

TaggedAPTARAPBased on the findings of our study and review of the litera-

ture, the future research and policy plans should focus on 3

ground concepts to assess and improve the oral health of the

Iranian population. First, oral health policymakers should

allocate resources for regular national oral health surveys.

Also, the previously mentioned preventive measures such as

targeted delivery of fluoride and preventive treatments that

are offered for children and young adolescents should be

evaluated regarding efficacy and cost-effectiveness. And

finally, re-evaluation of our oral health system and implent-

ing the necessary changes based on the findings of the afor-

mentioned surveys and studies. TaggedAPTARAEnd

TaggedAPTARAH2Strengths and limitations TaggedAPTARAEnd

TaggedAPTARAPWe believe our data represent the most extensive collections

of age- and sex-specific trends of national and subnational

dental caries of permanent teeth estimates for Iran. A com-

prehensive systematic search was conducted which led to

including all qualified sources, in addition to all national sur-

veys. TaggedAPTARAEnd

TaggedAPTARAPOur study has some limitations that should be noted as

well. Whilst we aimed to provide the most accurate DMFT

data in the Iranian population, data scarcity and low quality

of data in some cases represented the main challenges of this

study. In this regard, estimates for provinces with low-quality

and scarce data relied on statistical methodologies. This is

reflected in the wide compatibility intervals in some of the

estimations. We also did not report the DMFT values in rural

and urban areas separately, and the age groups older than

60 years were aggregated due to the lack of data for elderly

age groups. Also, the comparison of our results with previous

national surveys in 2012 pinpoints under- and overestima-

tions in some age groups. Such discrepancies have been

adjusted by using covariates and rigorous eligibility criteria of

the included studies; however, it may have affected our

results in terms of minor or major under- or overestimation.

However, our results can satisfactorily inform oral health pol-

icies on the status of dental caries in permanent dentition. TaggedAPTARAEnd
TaggedAPTARAH1Conclusion TaggedAPTARAEnd

TaggedAPTARAPThe DMFT values notably increased from 1990 to 2017

amongst all ages in both males and females in Iran. No signif-

icant sex difference was noted in the DMFT values, either on

a national or provincial scale. In order to mitigate the burden

of dental caries in the future, oral health policymakers should

prioritise nationwide interventions (eg, water fluoridation,

sugar consumption management, and oral health education

programmes) in Iran.TaggedAPTARAEnd
TaggedAPTARAH1Conflict of interest TaggedAPTARAEnd

TaggedAPTARAPNone disclosed. TaggedAPTARAEnd
TaggedAPTARAH1Acknowledgements TaggedAPTARAEnd

TaggedAPTARAPWe profoundly thank all staff and colleagues in Non-Commu-

nicable Diseases Research Center and Endocrinology and

Metabolism Research Institute at Tehran University of Medi-

cal Sciences for helping to conduct such valuable studies.TaggedAPTARAEnd
TaggedAPTARAH1Author contributions TaggedAPTARAEnd

TaggedAPTARAPAll authors have read and approved the manuscript. Detailed

contributions are as follows: SS: conceptualisation, investiga-

tion, data gathering, interpreting the data, and revising the

manuscript. MM: formal analysis, data curation, writing the

original draft, and visualisation. SSM: formal analysis, data

gathering, data cleaning, interpreting the data, writing the

original draft, revising the manuscript, and visualisation. AS-

M: interpreting the data, writing the original draft, and revis-

ing the manuscript. HH: data gathering, interpreting the data,

and revising themanuscript. ES: interpreting the data, writing

the original draft, and revising the manuscript. M-HH: inter-

preting the data, writing the original draft, and revising the

manuscript. BL: conceptualisation and revising the manu-

script. HF: methodology and revising the manuscript. FF: con-

ceptualisation, methodology, revising the manuscript, and

supervision. TaggedAPTARAEnd
TaggedAPTARAH1Supplementary materials TaggedAPTARAEnd

TaggedAPTARAPSupplementary material associated with this article can be

found in the online version at doi:10.1016/j.identj.2023.07.012. TaggedAPTARAEnd

TAGGEDAPTARAH1R E F E R E N C E S TAGGEDAPTARAEND
TaggedAPTARAListItem TaggedAPTARAListLabel1TaggedAPTARAEnd. TaggedAPTARAListBodyGBD 2017 DALYs and HALE Collaborators. Global, regional,
and national disability-adjusted life-years (DALYs) for 359 dis-
eases and injuries and healthy life expectancy (HALE) for 195
countries and territories, 1990 - 2017: a systematic analysis
for the Global Burden of Disease Study 2017. Lancet 2018;392
(10159):1859–922TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel2TaggedAPTARAEnd. TaggedAPTARAListBodyBernabe E, Marcenes W, Hernandez CR, et al. Global, regional,
and national levels and trends in burden of oral conditions
from 1990 to 2017: a systematic analysis for the Global Burden
of Disease 2017 Study. J Dent Res 2020;99(4):362–73TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel3TaggedAPTARAEnd. TaggedAPTARAListBodySanz M, Del Castillo AM, Jepsen S, et al. Periodontitis and car-
diovascular diseases: consensus report. J Clin Periodontol
2020;47(3):268–88TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel4TaggedAPTARAEnd. TaggedAPTARAListBodyMu~noz Aguilera E, Suvan J, Buti J, et al. Periodontitis is associ-
ated with hypertension: a systematic review and meta-analy-
sis. Cardiovasc Res 2020;116(1):28–39 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel5TaggedAPTARAEnd. Statistics N.C.H.S. National Health and Nutrition Examination
Survey (NHANES): examination manuals, 2011−2012; 2013
−2014. p. 2015−2016. TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel6TaggedAPTARAEnd. TaggedAPTARAListBodyMurray J, Vernazza C, Holmes R. Forty years of national sur-
veys: an overview of children’s dental health from 1973 to
2013. Br Dent J 2015;219(6):281–5TaggedAPTARAEnd.TaggedAPTARAEnd

https://doi.org/10.1016/j.identj.2023.07.012
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0001
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0001
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0001
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0001
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0001
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0001
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0002
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0002
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0002
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0002
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0003
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0003
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0003
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0004
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0004
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0004
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0004
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0006
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0006
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0006
http://refhub.elsevier.com/S0020-6539(23)00131-4/sbref0006


TaggedAPTARAEnd136 shoa e e e t a l .
TaggedAPTARAListItem TaggedAPTARAListLabel7 TaggedAPTARAEnd. TaggedAPTARAListBodyLjung R, Lundgren F, Appelquist M, Cederlund A. The Swedish
Dental Health Register-validation study of remaining and
intact teeth. BMC Oral Health 2019;19(1):116 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel8 TaggedAPTARAEnd. TaggedAPTARAListBodyMarsh D, Suchak K, Moutasim KA, et al. Stromal features are
predictive of disease mortality in oral cancer patients. J Pathol
2011;223(4):470–81 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItem TaggedAPTARAListLabel9 TaggedAPTARAEnd. TaggedAPTARAListBodyScannapieco FA, Bush RB, Paju S. Associations between peri-
odontal disease and risk for nosocomial bacterial pneumonia
and chronic obstructive pulmonary disease. A systematic
review. Ann Periodontol 2003;8(1):54–69 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel10TaggedAPTARAEnd. TaggedAPTARAListBodySofi-Mahmudi A, Masinaei M, Shamsoddin E, et al. Global,
regional, and national burden and quality of care index (QCI)
of lip and oral cavity cancer: a systematic analysis of the
Global Burden of Disease Study 1990−2017. BMC Oral Health
2021;21(1):558 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel11TaggedAPTARAEnd. TaggedAPTARAListBodyJordan RA, Krois J, Schiffner U, Micheelis W, Schwendicke F.
Trends in caries experience in the permanent dentition in
Germany 1997-2014, and projection to 2030: morbidity shifts
in an aging society. Sci Rep 2019;9(1):5534 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel12TaggedAPTARAEnd. TaggedAPTARAListBodyKhoshnevisan M, Ghasemianpour M, Samadzadeh H, Baez RJ.
Oral health status and healthcare system in Iran. J Contemp
Med Sci 2018;4(3) TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel13TaggedAPTARAEnd. TaggedAPTARAListBodyMari~no R, Zaror C. Economic evaluations in water-fluori-
dation: a scoping review. BMC Oral Health 2020;20(1):115 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel14TaggedAPTARAEnd. TaggedAPTARAListBodySoltani MR, Sayadizadeh M, Estabragh SR, Ghannadan K,
Malek-Mohammadi M. Dental caries status and its related
factors in Iran: a meta-analysis. J Dent (Shiraz) 2020;21(3):158–
76TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel15TaggedAPTARAEnd. TaggedAPTARAListBodyParsaeian M, Farzadfar F, Zeraati H, et al. Application of spa-
tio-temporal model to estimate burden of diseases, injuries
and risk factors in Iran 1990 - 2013. Arch Iran Med 2014;;17
(1):28–33 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel16TaggedAPTARAEnd. TaggedAPTARAListBodyvon Elm E, Altman DG, Egger M, et al. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. BMJ
2007;335(7624):806–8TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel17TaggedAPTARAEnd. TaggedAPTARAListBodyShoaee S, Moghaddam SS, Masinaei M, et al. Trends in dental
caries of deciduous teeth in Iran: a systematic analysis of the
national and sub-national data from 1990 to 2017. BMC Oral
Health 2022;22(1):634 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel18TaggedAPTARAEnd. TaggedAPTARAListBodyShoaee S, Ghasemian A, Najafi B, Kasaeian A, Farzadfar F,
Hessari H. National and sub-national burden of oral diseases
in Iran: 1990 - 2013, study protocol. Arch Iran Med 2014;;17
(3):159–68TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel19TaggedAPTARAEnd. TaggedAPTARAListBodyHessari H, Vehkalahti MM, Eghbal MJ, Murtomaa HT. Oral
health among 35- to 44-year-old Iranians. Med Princ Pract
2007;16(4):280–5TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel20TaggedAPTARAEnd. TaggedAPTARAListBodyRabiei M, Rad HM, Rad EH, Ashourizadeh S. Dental status of
the Iranian elderly: a systematic review and meta-analysis. J
Investig Clin Dent 2019;10(4):e12459TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel21TaggedAPTARAEnd. TaggedAPTARAListBodyDye BA. The global burden of oral disease: research and public
health significance. J Dent Res 2017;96(4):361–3 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel22TaggedAPTARAEnd. TaggedAPTARAListBodyBatchelor PA, Sheiham A. The distribution of burden of dental
caries in schoolchildren: a critique of the high-risk caries pre-
vention strategy for populations. BMC Oral Health 2006;6:3TaggedAPTARAEnd. TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel23TaggedAPTARAEnd. TaggedAPTARAListBodyBayat-Movahed S, Samadzadeh H, Ziyarati L, Memary N,
Khosravi R, Sadr-Eshkevari PS. Oral health of Iranian children
in 2004: a national pathfinder survey of dental caries and
treatment needs. East Mediterr Health J 2011;17(3):243–9 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel24TaggedAPTARAEnd. TaggedAPTARAListBodyAlshammary FL, Mobarki AA, Alrashidi NF, Madfa AA. Associ-
ation between different behavioral factors and dental caries
among children attending the dental clinics in a sample from
Saudi Arabia. BMC Oral Health 2023;23(1):198 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel25TaggedAPTARAEnd. TaggedAPTARAListBodyAl-Rafee MA, AlShammery AR, AlRumikan AS, Pani SC. A
comparison of dental caries in urban and rural children of the
Riyadh Region of Saudi Arabia. Front Public Health 2019(7) TaggedAPTARAEnd.TaggedAPTARAEnd
TaggedAPTARAListItemTaggedAPTARAListLabel26 TaggedAPTARAEnd. TaggedAPTARAListBodyCubukcu CE, Ercan I, Ozkaya G. Dental caries severity and
related factors of 1307 Turkish boarding school children.
Niger J Clin Pract 2021;24(10):1476–84 TaggedAPTARAEnd.TaggedAPTARAEnd

TaggedAPTARAListItemTaggedAPTARAListLabel27 TaggedAPTARAEnd. TaggedAPTARAListBodyG€okalp SG, Do�gan BG, Tekçiçek MT, Berbero�glu A, Unl€uer A.
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