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Abstract 

Background:  Dental caries is the most prevalent child affliction in the world and can be reduced through effective 
preventive interventions. To plan cost-effective interventions, clear and integrated data are needed. This study has 
been designed to overcome the lack of national trend in deciduous dental caries in Iran.

Objective:  To estimate the dental caries trend in deciduous teeth in the Iranian population at different ages from 
1990 to 2017.

Methods:  From 1990 to 2017 a literature search about dmf and its components (decayed, missed, and filled tooth, 
abbreviated as dt, mt, and ft) as well as dental caries was done in the Iranian population in three English (PubMed, 
Web of Science, and Scopus) and three national databases (in Persian). All eligible national oral health surveys in 
these 28 years were included. National dmft data were categorised based on age (1–4, 5–9, and 10–14), sex, province 
and year. The final trends were estimated using an age-spatio-temporal hierarchical model. We used the bootstrap 
method in multilevel models to predict the uncertainty interval (UI) of the modelled results. Finally, the estimations of 
dmft, dt, mt, and ft with a 95% UI were reported from 1990 to 2017.

Results:  Almost 22% of the Iranian deciduous teeth were involved with dental caries in 1990 [dmft = 4.37; (95% 
UI 2.23, 6.62)] which more than 83% of it was dt [3.64 (1.53, 5.88)] and less than 7% was ft [0.30 (0.06, 0.65)]. During 
1990–2017, dmft increased by more than 15% [in 2017, dmft = 5.03 (2.82, 7.29)]. The highest increase was seen in dt 
which was more than 17% [in 2017, dt = 4.27 (1.96, 6.57)].

Conclusion:  Increasing dental caries among Iranian children over 28 years shows that oral health policies in Iran 
need critical evaluation. We need cost-effective nationwide interventions (e.g., supervised tooth brushing and 
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improving dietary habits) and training well-experienced intermediate manpower (e.g., dental hygienists) to reduce 
dental caries.

Keywords:  Dental caries, Iran, Tooth decay, Spatio-temporal analysis, Tooth loss

Background
Despite being largely preventable and due to its ubiqui-
tous nature, child dental caries remains the most preva-
lent child affliction around the globe, affecting up to 
60–90% of school-aged children in most industrialised 
countries [1–4]. This results in a high economic and dis-
ease burden on countries. Iran is no exception: child den-
tal caries has been estimated to have caused more than 
1500 years lived with disability in 2017 [4] and more than 
$10 M in productivity losses in 2015 [5]. With this con-
siderable burden, oral disorders tend to be overlooked 
among other health conditions and are rarely seen as a 
priority in health policy [1, 6, 7]. Other physiologically 
influential factors include factors affecting tooth germ 
formation, natural protective factors, such as saliva, and 
exposure to a low fluoride level [8–10].

Oral diseases are chronic and progressive in nature [6, 
11]. For example, dental caries affects very young chil-
dren but is a lifelong condition that tracks across adoles-
cence, adulthood, and into later life [6]. Poor oral health 
can negatively impact a child’s ability to eat, speak, sleep, 
and socialise, resulting in adverse impacts later in life 
[12, 13]. In addition to affecting children’s quality of life 
[14] and school performance [15], dental caries places 
a considerable burden on health care provision. For 
instance, most hospital admissions for children in Eng-
land between 1997 and 2006 were primarily due to dental 
caries [16].

After 1960, an evident decline in caries prevalence 
occurred in Western European countries [17]; children’s 
and adolescents’ habit of brushing their teeth with fluo-
ride toothpaste was the most crucial factor in this decline 
[18, 19]. However, this is not the case in developing coun-
tries where the oral health system is not fully established.

In developed countries, regular child dental health sur-
veys have been established several decades ago (such as 
in the UK [20], Australia [21], and Canada [22], but in 
developing countries there are no regular, precise, and 
adequate national data in the literature. For example, the 
three latest child dental health surveys in Iran date back 
to 2004, 2013, and 2016, and the results of the survey in 
2016 showed that the mean decayed, missing, and filled 
teeth (dmft) of Iranian school children aged 6 and 12 was 
5.84 which is seven and nearly two times that of the UK’s 
[23] and Turkey’s [24] children, respectively. This high-
lights the need to make or change policies to reduce den-
tal caries in children.

However, policy-making could not be done effectively 
without proper data and understanding of the current 
situation, which helps us in making informed decisions 
and improving future policy planning. This study aims 
at estimating the national and sub-national dental caries 
trend in deciduous teeth among the Iranian population at 
different ages by sex from 1990 to 2017. The findings of 
this descriptive report will serve as a baseline for moni-
toring the progress of policies seeking to address oral 
health status in Iran.

Methods
The Burden of Oral Disorders (BOD) is a part of a more 
extensive study (National And Sub-national Burden of 
Diseases: NASBOD) aiming to assess dental caries, peri-
odontal disease, and severe tooth loss. We scrutinised 
all the relevant literature; either published, unpublished, 
or grey literature. After that, we ascertained the eligible 
studies using three phases including title, abstract, and 
full-text. Data extraction was performed after assessing 
the quality of data using a form based on the STrengthen-
ing the Reporting of OBservational studies in Epidemiol-
ogy (STROBE) Statement [25]. Finally, data analyses and 
estimations were conducted using an age-spatio-tempo-
ral hierarchical model. The protocol for this study has 
been published earlier [26]. Full details of the methods of 
the current study are available in the protocol. Here, we 
will discuss the most critical aspects of our methodology 
more rigorously.

Disease selection and definitions
Based on the Global burden of diseases, injuries, and risk 
factors (GBD) and NASBOD studies, and through expert 
panel meetings, dental caries, periodontal diseases, and 
severe tooth loss were selected for the current study. The 
definition of dental caries was adopted from definitions 
given by World Health Organisation (WHO) (2013) [27], 
Medical Subject Headings (MeSH, www.​ncbi.​nlm.​nih.​
gov/​mesh), and International Classification of Diseases, 
10th Revision (ICD10, www.​who.​int/​class​ifica​tions/​icd/​
en), as follows: diagnosis of caries in the D3 area; dentinal 
exposure; enamel softening; unsupported enamel; and, 
discolouration in the inter-dental area.

Data sources
Several data sources were used in the study that could be 
categorised into two main groups:

http://www.ncbi.nlm.nih.gov/mesh
http://www.ncbi.nlm.nih.gov/mesh
http://www.who.int/classifications/icd/en
http://www.who.int/classifications/icd/en
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A.	Published, unpublished, and grey literature; and
B.	 National data.

A. Published, unpublished and grey literature
Literature published in English and Persian were 
searched in these databases: PubMed, ISI (Web of Sci-
ence), Scopus as international databases, and IranMe-
dex, SID (Scientific Information Database), and IranDoc 
as domestic databases. To find unpublished data, key 
informants and authors were contacted. Theses, reports 
of research projects, and governmental reports were also 
evaluated and included in the study.

The literature review was done based on a combination 
of the following search terms: prevalence, incidence, gen-
eral mortality, cause-specific mortality, remission rate, 
age of onset and disability weights, with names of the six 
diseases. Full details of the search terms are available in 
Additional file 1: Appendix 1, page 4.

Selection criteria  Type of study All the cross-sectional 
studies and results of the baseline survey of cohort studies 
were included. Moreover, all national, provincial, district 
and community studies reported the prevalence of den-
tal caries or dmft mean were included in the study. Case 
reports, case series, clinical trials with small sample sizes, 
and non-population-based surveys were excluded.

Study population The population was representative 
of Iranian children population with deciduous teeth. 
Populations with special health conditions who are not 
healthy, specific population groups based on their (un)
employment, occupation or education status, and also 
immigrants were excluded.

Sampling method Studies that did not report the sam-
pling method or did not report the sampling method 
clearly were excluded.

Selection of searched articles  After the searching phase, 
found articles were exported to the reference management 
software (EndNote X7.0; Thomson Reuters, Toronto, 
Ontario, Canada). Final articles were selected according 
to the inclusion and exclusion criteria in three phases. In 
case of disagreement, reviewers discuss the doubtful arti-
cles to reach an agreement and select them.

Title phase Two reviewers scanned all titles accord-
ing to the inclusion criteria. Titles in doubt were also 
included.

Abstract phase The same two reviewers read all 
abstracts according to the inclusion criteria together. 
Articles with unclear methods were also included.

Full-text phase To finalise the selection phase, the 
reviewers evaluated all remaining articles to determine if 
they are eligible.

Full texts were obtained via referring to the Tehran 
University of Medical Sciences’ digital library, contacting 
corresponding authors, or accessing the article published.

Quality assessment and  data extraction  To assess the 
quality of articles with different sampling and measuring 
methods, based on the criteria of the study characteristic 
sheet, a new comprehensive quality assessment form with 
defined ranking scores for the systematic review, was used 
through four steps.

1.	 First, a data extraction form was developed based on 
the study characteristics sheet with defined criteria 
such as study ID, citation, corresponding author’s 
characteristics, study year, study sources, study 
design, the scope of the study, level of study, sample 
weight, sampling quality and measurement qual-
ity (Additional file 1: Appendix 2, page 5). The qual-
ity assessment form included the following criteria: 
ID, disease group, the study scope, study level, study 
type, power of the study, sampling method, sex, prov-
ince, location, sample size, sample weight, practical 
disease definition, disease exploration, validity, intra-
observer reliability, inter-observer reliability, exam-
iner level and the number of examiners (Additional 
file 1: Appendix 3, page 7).

2.	 Next, each criterion was defined and explained pre-
cisely. The form was designed in Epi-Info 7 in Micro-
soft Access 2013 format, and ranking scores were 
given to the articles to assess their qualities.

3.	 To validate the form’s face and content, the expert 
panel and focus group discussion method were used, 
and the form was finalised.

Finally, the data extraction sheet was used to sum-
marise study data based on sex, age, and sample size in 
related age and sex groups, prevalence, incidence, mean, 
standard deviation, standard error, and confidence inter-
vals (Additional file 1: Appendix 2 B, page 6).

B. National data
National oral health surveys These surveys were designed 
to collect national and provincial data about oral health 
and its risk factors in Iran through oral health examina-
tions. Data from national oral health surveys in 1998, 
2002, 2004, 2013, and 2016 were included.

National health surveys These surveys are repeated 
multipurpose national surveys covering all Iranian 
households. These repeated surveys were implemented 
to evaluate indicators of health and illness. In 1990 and 
1999, the survey included oral health data for different 
age groups of the Iranian population.
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Statistical methods and  analysis  The methods used in 
this study have been used for estimation of the burden 
of diseases in Iran previously [28, 29]. After cleaning the 
relevant data, dmft and its components (dt, mt, and ft) 
were categorised based on age, sex, year, and province and 
then aggregated. We chose 5-year-based groups (except 
for the first age-group, 1–4, which contains children from 
4  years) to have comparable data with the GBD study 
[30]. Another reason was that as we used NASBOD study 
covariates, we should have had similar age-groups as that 
study which was 5-year-based.

We addressed the misalignment problem due to 
changes in the changes in administrative divisions 
between provinces and districts, and new introduced 
provinces and districts.

For analysing the categorised and cleaned data, firstly, a 
model was designed for dmft and each of its components 
using a random intercept mixed-effects model [31] with 
these independent variables: mean years of schooling 
(derived from Iran’s household expenditure and income 
survey), wealth index (derived from Iran’s household 
expenditure and income survey), and mean weight of 
each age within each age group (derived from Iran’s regu-
lar national census). Next, using the age-spatio-temporal 
model, temporal and spatial correlations, as well as cor-
relations between age groups, were addressed.

Weighting components were defined as follows:

•	 Spatial component ( WLij ): if two provinces were adja-
cent, the weight was considered to be 1; otherwise, 0 
was considered as the spatial weight;

•	 Temporal component ( WTij ): similar to the LOESS 
(locally estimated scatterplot smoothing) regression, 
we used the cubic power: 

WTij = 1−
|i−j|

ArgMax(|i−j|+1)

�
3

.

o	 � is a smoothing parameter. Based on the pre-
vious studies, this parameter was considered to 
be 2.

•	 Age component ( WAij ): assuming that increased dif-
ference between two age groups is associated with a 
reduction in their weight, defined as  WAij =

1

e̟ |i−j| in 
the matrix.

o	 ̟ is a smoothing parameter such that with 
lower values of it, smoothing will be higher. 
Based on the previous studies, this parameter 
was considered to be 1.

To predict the uncertainty interval (UI) of the mod-
elled results, we used a bootstrap method for multilevel 
models [32, 33]. Using this method, first, we extracted the 
distribution of sampling fixed (such as sex, mean years of 

schooling, wealth index, and mean weighting of the age 
group) and random (province and year) effects and then 
fitted values of the model were estimated. The advantage 
of using this method over other bootstrapping methods 
is that it considers all the uncertainties (in fixed or ran-
dom effects) in the model. Furthermore, it is more rapid 
[34, 35].

To calculate the age-standardised dmft and its compo-
nents at the province level, each age group was standard-
ised based on the report of the population and housing 
census conducted by Iran’s Statistical Center, in 2016 
[36].

We reported estimations of dmft and its components 
from 1990 to 2017 with 95% UI. Statistical analyses were 
performed using STATA v14 and R v3.5.2 (R Core Team, 
R Foundation for Statistical Computing, Vienna, Austria; 
http://​www.R-​proje​ct.​com) with Age-Spatial–Temporal 
Model v0.1.0 (AST) package (https://​cran.r-​proje​ct.​org/​
web/​packa​ges/​AST/​index.​html).

Our article complies with the Guidelines for Accurate 
and Transparent Health Estimates Reporting (GATHER). 
Our full GATHER checklist is available in the Additional 
file 1: Appendix 5.

Results
Literature review
At first, we reached 5983 articles (1930 English and 4053 
Persian) reporting dental caries among all ages. Search-
ing in other sources (e.g., grey literature) provided us 
with six additional records. By removing duplicates, 812 
articles remained. After screening based on the inclusion 
and exclusion criteria, 31 studies that had dmft data were 
included (Fig. 1).

National dmft in all ages
On average, Iranian children had caries experience in 
almost 22% of their deciduous teeth in 1990 [dmft = 4.37; 
(95% UI 2.23, 6.62)] which more than 83% of it was 
decayed teeth [dt = 3.64 (1.53, 5.88)] and less than 7% 
was filled teeth [ft = 0.30 (0.06, 0.65)]. During 1990–2017, 
dmft increased by more than 15% (in 2017, dmft = 5.03 
[(2.82, 7.29)]. The highest increase was seen in dt which 
was more than 17% [in 2017, dt = 4.27 (1.96, 6.57)]. 
The number of missing teeth decreased slightly [1990 
mt = 0.44 (0.17, 0.84)], 2017 mt = 0.43 [(0.15, 0.82)]. More 
information is illustrated in Table 1.

1–4 age group
From 1990 to 2017, dmft has increased continuously for 
1–4 age group [from 2.22 (0.27, 4.44) to 3.01 (0.92, 5.18)], 
respectively. The number of dt has been responsible for 
the major part of dmft and increased from 1.98 (0.09, 
4.38) in 1990 to 2.70 (0.40, 5.11) in 2017. However, the 

http://www.R-project.com
https://cran.r-project.org/web/packages/AST/index.html
https://cran.r-project.org/web/packages/AST/index.html
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number of mt has decreased slightly in this period). The 
number of ft has increased [(0.23 (0.03, 0.61) in 1990 vs. 
0.30 (0.07, 0.69) in 2017]; however, the highest number of 
ft has been estimated to be 0.32 in 2004–2009 (Table 1). 
Boys had higher dmft than girls in the whole period [2.45 
(0.41, 4.67) vs. 1.99 (0.13, 4.20) in 1990; 3.10 (1.01, 5.27) 
vs. 2.91 (0.82, 5.08) in 2017, respectively]. Boys also had a 
higher number of dt [2.19 (0.16, 4.59) vs. 1.76 (0.01, 4.16) 
in 1990; 2.79 (0.47, 5.19) vs. 2.61 (0.32, 5.03) in 2017] 
(Fig. 2 and Table 1).

5–9 age group
Our analysis showed that dmft has also increased con-
tinuously in this age group from 1990 to 2017 [4.34 (2.17, 
6.57) and 5.06 (2.99, 7.20), respectively]. Like the 1–4 
age group, the number of dt was the main component of 
dmft with 3.64 (1.45, 5.85) in 1990 and 4.34 (2.17, 6.48) 
in 2017, which increased continuously. The number of 
mt was almost fixed during 1990–2017 [0.38 (0.03, 0.80) 
vs. 0.37 (0.02, 0.79)] whereas the number of ft has been 
continuously increasing from 1990 to 2006 [0.32 (0.08, 

0.67) vs. 0.37 (0.11, 0.76)] and then continuously decreas-
ing since then to 0.35 (0.11, 0.70) in 2017 (Table 1). Boys 
had higher dmft [4.55 (2.37, 6.78) vs. 4.13 (1.96, 6.34) in 
1990; 5.08 (3.01, 7.22) vs. 5.04 (2.97, 7.17) in 2017], num-
ber of dt [3.80 (1.62, 5.99) vs. 3.48 (1.27, 5.70) in 1990; 
4.36 (2.19, 6.49) vs. 4.32 (2.15, 6.46) in 2017], and number 
of mt [0.42 (0.05, 0.85) vs. 0.33 (0.01, 0.76) in 1990; 0.38 
(0.03, 0.80) vs. 0.36 (0.02, 0.78) in 2017]. However, the 
number of ft was slightly higher in girls [0.32 (0.08, 0.67) 
vs. 0.33 (0.07, 0.67) in 1990; 0.35 (0.11, 0.69) vs. 0.36 (0.11, 
0.70) in 2017] (Fig.  2 and Table  1).  The dmft trend  and 
further information regarding deciduous teeth are  sum-
marized in Fig. 1 and Table 1, respectively. 

10–14 age group
The highest dmft in these three age groups was seen in 
10–14 age group with dmft = 6.42 (4.15, 8.75) in 1990 
and dmft = 7.06 (4.57, 9.56) in 2017. Similar to the other 
two age groups, the major part of dmft was attributable 
to dt [5.20 (3.01, 7.33) in 1990; 5.79 (3.32, 8.18) in 2017[. 
The number of mt increased till 2005 [0.90 (0.48, 1.32) 

Fig. 1  The flow diagram of systematic search
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in 1990; 0.97 (0.49, 1.45) in 2005] and then decreased to 
0.92 (0.45, 1.39) in 2017. The number of ft was slightly 
increased; from 0.32 (0.06, 0.67) in 1990 to 0.34 (0.07, 
0.73) in 2017 (Table  1). While dmft was higher in boys 
in 1990 [6.60 (4.32, 8.94) vs. 6.23 (3.98, 8.54)], dmft in 
girls had a higher rise than in boys, and in 2017 girls 
had higher dmft [6.99 (4.51, 9.48) vs. 7.12 (4.63, 9.65)]. 
Whereas the number of dt was higher in boys in 1990 
[5.33 (3.13, 7.48) vs. 5.05 (2.87, 7.17)], girls experienced 
a higher pace of increase, resulting in a higher number 
of dt than boys in 2017 [5.75 (3.32, 8.09) vs. 5.84 (3.31, 
8.28)]. In 1990, the number of mt was higher for boys 
[0.95 (0.52, 1.37) vs. 0.86 (0.44, 1.27)] and increased till 
2003 for boys [0.99 (0.51, 1.46)] and then decreased to 
0.92 (0.45, 1.38) in 2017 whereas there was a continuous 
increase for girls [0.93 (0.44, 1.40) in 2017]. The number 
of ft was slightly higher for girls in 1990 [0.32 (0.07, 0.66) 
vs. 0.33 (0.06, 0.67)], and both sexes experienced increas-
ing trend till 2017 [0.33 (0.07, 0.71) for boys, 0.35 (0.08, 
0.75) for girls] (Fig. 2 and Table 1).

Sub‑national dmft
All provinces experienced an increase in age-standard-
ised dmft 1990–2017. Southern provinces showed the 
least age-standardised dmft [lowest in Bushehr with 
dmft in 1990: 2.91 (1.13, 5.16), and in 2017: 3.89 (1.73, 
6.17)] whereas north-western and western provinces 
had the highest mean dmft [the highest is estimated in 
Ardabil with 5.30 (3.14, 7.53) in 1990 and in Kurdistan 
with dmft 6.03 (3.78, 8.29) in 2017]. When examining 
dmft components, the mean number of dt has increased 
in every province while the mean number of mt and ft 

has decreased in seven and nine provinces, respectively. 
While the dmft has been increased during 1990–2017, 
the divergence between provinces has decreased in dmft, 
dt, and mt. For instance, in 1990, the difference between 
the highest and lowest dmft was 2.39 (between Ardabil 
and Bushehr), whereas, in 2017, this difference decreased 
to 2.14 (between Kurdistan and Bushehr). However, the 
sub-national divergence of ft has increased, from 0.63 
in 1990 (between Tehran and Ardabil) to 0.75 in 2017 
(between Tehran and Sistan and Baluchistan). More 
information about sub-national dmft, gender disparity, 
and its components is shown in Figs. 3, 4 and Additional 
file 1: Appendix 4.

Discussion
This study provides a unique opportunity to look at chil-
dren’s oral health and disease in Iran over three decades. 
This paper has focused on one disease, caries. Dental 
caries is the most prevalent health condition globally, 
imposing a high health and economic burden on coun-
tries. Knowing the past situation and comparing it with 
the current status is crucial to evaluating nationwide oral 
health programs (if any) and providing a better point-of-
view for further oral health policies. However, there are 
no publicly available nationwide trend data regarding 
child dental health in Iran, and this study endeavoured to 
fill in this gap.

The results highlight a high mean number of dmft 
across all child age groups, which has continuously 
increased since 1990 (more than 15%). The number of 
mt has been almost unchanged during these three dec-
ades, and an increased number of dt and ft is responsible 
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for increasing dmft. The highest increase in dmft and 
dt was in 1–4-years age group with more than 35% and 
36% increase, respectively. Overall, the highest dmft was 
found among the 10–14-years age group which was not 
unexpected, as dmft is a cumulative index.

As shown in Fig.  3, this increase in dmft gradually 
spreads from northwest to middle, south, and southeast 
of Iran and can be attributed to the shift in dietary habits 
of the Iranian children. This shift could also be worsened 
by the low frequency of daily tooth brushing and floss-
ing among children in Iran [37, 38]. According to one 
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Fig. 3  Map chart for dmft and its components in 1990 and 2017 (age-standardised)
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study, only 2.7% of children (6 to 14 years old) brush and 
floss on a daily basis [39]. As depicted in Fig. 4, dmft was 
higher among boys compared to girls in 1990 in almost all 
provinces. Despite the fact that dmft increased among all 
age and both sexes, this difference remained until 2017. 
Also, an interesting finding is that although dt is higher 
among boys in almost all age groups and all provinces, ft 
is not significantly different among them. This means that 
girls experience tooth decay less than boys, and when 
they do so, they receive better or at least equal treatment. 
It should be noted that our data did not include any study 
on children with disabilities, and as this vulnerable popu-
lation experience higher rate of tooth decay and also have 
lower access to care [40], future national surveys should 
include this population accordingly.

While the number of dental schools and dentists has 
increased dramatically during the last two decades [41], 
seemingly it had little or no positive impact on Iranian 
children’s dental health, at least in the short term. In 
contrast, dmft has increased. The number of ft, which is 
a result of dental procedures, has increased slightly. The 
reasons could be various, including families’ better eco-
nomic situation, a shift in families’ mindset towards the 
importance of their children’s dental health, and a higher 
number of available dentists [41]. However, the mean 
of dt is more than 13 times the ft mean in 2017, which 
implies the oral health system has failed to provide ade-
quate oral health care to Iranian children.

National and international studies have shown that 
increasing child dental caries burden has not occurred 
in every country. For example, the GBD 2017 study has 
stated that the Global age-standardized prevalence 
[−  7.9% (−  6.6%, −  9.8%)], incidence [−  2.2% (−  0.4%, 
−  3.9%)], and Disability-Adjusted Life Years (DALYs) 
[−  9.0% (−  7.3%, −  11.0%)] rates of untreated caries in 
deciduous teeth has decreased from 1990 to 2017 [4]. 
The UK’s child dental health survey 2013 has also shown 
that the prevalence of caries and dmft for children in 
England, Wales and Northern Ireland is continuing to 
decrease but the rate is slowing [42]; from 4.0 in 1973 to 
0.7 in 2013 for 5-year-old children [20]. The mean dmft 
has also decreased in German 6- to 7-years-olds, from 
2.89 in 1994/95 to 1.73 in 2016 [43]. Not only in indus-
trialized countries, but some developing countries have 
also reported that the mean dmft of their children has 
decreased. For example, based on a survey in Turkey, it 
has been reported that the mean dmft for 5-year-olds has 
decreased from 1988 to 2004 (dmft = 3.7 in 2004) [24] 
which was much lower than dmft for the 5–9-years age 
group in 2000 and 2010 in Iran (4.78 and 4.97, respec-
tively). However, some middle-eastern countries have 
also high dmft; for example, in a meta-analysis, it was 
estimated that the mean dmft for Saudi Arabian children 

was 5.0 [44]. In some other middle-eastern and north 
African countries such as Sudan, Tunisia, and Libya, 
dmft was lower. Furthermore, unlike Iran, the dmft trend 
in Iraq and Kuwait has been decreasing [45]. This indi-
cates the unfavorable child dental health situation in Iran, 
and oral health policy-makers should consider that.

There is strong evidence that fluoride can prevent 
dental caries in children. Fluoride can be delivered via 
drinking water [46], toothpaste [18], and mouth rinses 
[47]. There was a fluoride mouthwash program in Ira-
nian schools during the 2000s but it did not continue 
and was never evaluated in terms of cost-effectiveness 
[48]. It is known that supervised use of fluoride tooth-
paste and mouth rinses will result in a higher decrease 
in dental caries in children [18, 47]. In-office preventing 
measurements such as fluoride varnishes and gels and 
pit-and-fissure sealants also decrease child dental car-
ies in the population [47–49]. Furthermore, oral health 
education alone or in combination with supervised tooth 
brushing with fluoridated toothpaste could have a benefi-
cial effect on dmft [50]. Lowering the amount of sugar in 
the diet is also linked with lower dental caries [51]. Pub-
lic Health England suggests a targeted supervised tooth 
brushing program, targeted fluoride varnish program, 
water fluoridation, targeted provision of toothbrushes 
and paste by post, and targeted toothbrushes and paste 
provision by post and by health visitors as programs that 
can effectively reduce tooth decay in 5-year-olds. Among 
them, water fluoridation has the highest return on invest-
ment; £12.71 return on investment after five years and 
£21.98 return on investment after ten years for each 
pound spent. It is not surprising that our study showed 
that child dental caries is lowest in Bushehr (dmft = 3.89), 
Sistan and Baluchistan (dmft = 4.24), and Hormozgan 
(dmft = 4.40) provinces where the amount of fluoride in 
their drinking water is naturally high [52]. Finally, dental 
hygienists have a critical role in prevention and health 
promotion [53, 54] whom are not trained regularly in 
Iran for more than 10 years with no policy to utilize them 
in the oral health system.

Although our study is not an analytical one com-
paring provinces based on socioeconomic factors, 
Kurdistan with the second-lowest human develop-
ment index (HDI) had the highest dmft versus Sistan 
and Baluchistan with the lowest HDI had the second-
lowest dmft in Iran [55, 56]. Considering the pattern 
of sugar consumption and water fluoride has differed 
among Iranian provinces, perhaps it hides the direct 
effect of the HDI and can be one of the related causes 
of this conflict. It has been previously shown that child 
dental caries follows a socioeconomic gradient [57, 58] 
and any oral health promotion program considers tar-
get socioeconomic factors [59]. These factors are so 
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important that even with providing free dental care ser-
vices for everyone and equal attendance, there would 
still be inequalities in dental caries experience [60]. At 
the same time, they could make inequalities in attend-
ance as well [61]. Hence, we should make a change from 
providing dental care to a plan with mostly preventive 
oral health programs.

Dental caries not only affects body weight, growth 
and quality of life in children [62] but also can affect 
their later life [63]. Furthermore, dental caries shares 
common risk factors with various systemic conditions 
such as obesity, as in both conditions, sugar consump-
tion is the main risk factor [64–66]. Data from Iran’s 
Agriculture Ministry show that the import of raw sugar 
was five-fold in 2006 compared to the previous year, 
and for the consequent years, sugar import has been 
higher than its export. We believe this could be one of 
the main causes of increasing dmft of the Iranian chil-
dren and all other age groups. It is previously suggested 
to adopt a common risk factor approach in oral health 
policies [67, 68].

Strengths
In this paper, the most extensive collections of dental car-
ies of deciduous teeth estimates are provided. By applying 
a comprehensive systematic search, all qualified pub-
lished and unpublished sources, in both English and Per-
sian in addition to all national surveys were included. We 
applied several statistical models and accounted effects 
of multiple covariates to provide more precise estimates 
of deciduous teeth dental caries over a long time period 
in Iran. Furthermore, our study uses rigorous methods 
to estimate dmft for each province in Iran. That has not 
been done previously in the literature. Our estimates 
cover sex and age subgroups, and most importantly, the 
estimates are presented by their 95% UIs.

Limitations
While this study aimed to provide the most accurate data 
regarding the dmft of the Iranian children on national 
and sub-national scales, as all the entry data may not 
be fully accurate, the estimated results may not be ade-
quately precise in some cases. This has been reflected in 
wide uncertainty intervals in some estimates. However, 
our results can satisfactorily inform oral health policies 
in the lack of accurate and transparent national child oral 
health surveys. This limitation remarkably highlights the 
need for improving the oral health national action plan 
(as part of the national health reform plan) for improv-
ing the oral health of the Iranian children. The first step 
should be regular national surveys to precisely estimate 

the prevalence of tooth decay among various provinces in 
Iran along with the incorporation of prevention methods.

Conclusion
The trend of the child’s dental caries in Iran showed 
that high dmft in 1990 has increased continuously 
by more than 15%. Although the dmft was higher 
among boys compared to girls, however, this index 
has increases in all age groups, both sexes, and almost 
all provinces. This implies the urgent need to popula-
tion-based interventions (such as supervised tooth 
brushing and improving dietary habits of this popula-
tion) and changing the direction of oral health system 
policies. Although oral health was integrated in the 
national health reform plan since 2014 (which includes 
children under 14), however, studies with appropriate 
design to determine the cost-effectiveness of this plan 
are still lacking. This study’s results can be a backbone 
to inform oral health policy makers towards designing 
nationwide, transparent, and accurate oral health sur-
veys and improving national oral health policies.

Abbreviations
YLD: Years lived with disability; GBD: Global burden of disease; BOD: Burden 
of oral disorders; dmft: Decayed, missing, filled teeth in children; DT: Decayed 
teeth; MT: Missing teeth; FT: Filled teeth; GBD: Global burden of diseases study; 
ICD-10: International classification of diseases, 10th revision; MeSH: Medical 
subject headings; NASBOD: National and sub-national burden of diseases in 
Iran; SID: Scientific information database; STROBE: STrengthening the report‑
ing of OBservational studies in epidemiology; UI: Uncertainty interval; WHO: 
World Health Organisation.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12903-​022-​02634-z.

Additional file 1. Appendix 1. Search strategy in each database. Appen‑
dix 2. Data extraction sheet’s content. Appendix 3. The used quality 
assessment tool based on the “STrengthening the Reporting of OBserva‑
tional studies in Epidemiology” (STROBE). Appendix 4. Age-standardised 
deciduous teeth dmft and its components in subnational scale by sex. 
Appendix 5. Checklist of information that should be included in new 
reports of global health estimates

Additional file 2. Raw data.

Acknowledgements
We profoundly thank all staff and colleagues in Non-Communicable Diseases 
Research Center (NCDRC) and Endocrinology and Metabolism Research Insti‑
tute (EMRI) at Tehran University of Medical Sciences, helping conducting such 
valuable studies. Also, the authors thank Dr. Alireza Akbarzadeh Baghban and 
Baharak Najafi for their help in data preparation and collection.

Author contributions
All authors have read and approved the final manuscript. Detailed contribu‑
tions are as follows: SS: conceptualization, investigation, data gathering, 
interpreting the data, and revising the manuscript; MM: formal analysis, data 
curation, writing original draft, and visualization; SSM: formal analysis, data 
gathering, data cleaning, interpreting the data, writing original draft, revising 
the manuscript, and visualization; AS-M: interpreting the data, writing original 
draft, and revising the manuscript; HH: data gathering, interpreting the data 

https://doi.org/10.1186/s12903-022-02634-z
https://doi.org/10.1186/s12903-022-02634-z


Page 11 of 12Shoaee et al. BMC Oral Health          (2022) 22:634 	

and revising the manuscript; ES: interpreting the data, writing original draft, 
and revising the manuscript; M-HH: interpreting the data, writing original 
draft, and revising the manuscript; MP: primary analysis and revising the 
manuscript; AG: data gathering, screening and preparation, and revising the 
manuscript; BL: conceptualization, and revising the manuscript; HF: meth‑
odology, and revising the manuscript; FF: conceptualization, methodology, 
revising the manuscript, and supervision. All authors read and approved the 
final manuscript.

Funding
None.

Availability of data and materials
The data is available in the Supplementary materials (Additional File 2).

Declarations

Ethics approval and consent to participate
The present study has been conducted in accordance with the Declaration 
of Helsinki and with relevant guidelines and regulations. 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 off by the Ethical Committee of Endocrinology and 
Metabolism Research Institute, Tehran University of Medical Sciences. Our 
article complies with the Guidelines for Accurate and Transparent Health 
Estimates Reporting (GATHER).

Consent for publication
Not applicable.

Competing interests
AS-M is a member of the editorial board of BMC Oral Health. Other co-authors 
declare that they have no competing interests.

Author details
1 Elderly Health Research Center, Endocrinology and Metabolism Popula‑
tion Sciences Institute, Tehran University of Medical Sciences, Tehran, Iran. 
2 Non‑Communicable Diseases Research Center, Endocrinology and Metabo‑
lism Population Sciences Institute, Tehran University of Medical Sciences, 
10, Al‑e‑Ahmad and Chamran Highway Intersection, Tehran 1411713136, 
Iran. 3 Kerman Oral and Dental Diseases Research Center, Kerman University 
of Medical Sciences, Kerman, Iran. 4 Cochrane Iran Associate Centre, National 
Institute for Medical Research Development (NIMAD), Tehran, Iran. 5 Research 
Center for Caries Prevention, Dentistry Research Institute, Tehran University 
of Medical Sciences, Tehran, Iran. 6 School of Dentistry, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran. 7 Department of Epidemiol‑
ogy and Biostatistics, School of Public Health, Tehran University of Medical 
Sciences, Tehran, Iran. 8 Endocrinology and Metabolism Research Center, 
Endocrinology and Metabolism Clinical Sciences Institute, Tehran University 
of Medical Sciences, 10, Al‑e‑Ahmad and Chamran Highway Intersection, 
Tehran 1411713111, Iran. 

Received: 15 August 2022   Accepted: 29 November 2022

References
	1.	 Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C. The 

global burden of oral diseases and risks to oral health. Bull World Health 
Organ. 2005;83:661–9.

	2.	 Bourgeois DM, Llodra JC. Global burden of dental condition among 
children in nine countries participating in an international oral health 
promotion programme, 2012–2013. Int Dent J. 2014;64:27–34.

	3.	 Kassebaum N, Bernabé E, Dahiya M, Bhandari B, Murray C, Marcenes W. 
Global burden of untreated caries: a systematic review and metaregres‑
sion. J Dent Res. 2015;94(5):650–8.

	4.	 Collaborators GOD, Bernabe E, Marcenes W, Hernandez C, Bailey J, Abreu 
L, 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):362–73.

	5.	 Righolt A, Jevdjevic M, Marcenes W, Listl S. Global-, regional-, and 
country-level economic impacts of dental diseases in 2015. J Dent Res. 
2018;97(5):501–7.

	6.	 Peres MA, Macpherson LM, Weyant RJ, Daly B, Venturelli R, Mathur 
MR, et al. Oral diseases: a global public health challenge. Lancet. 
2019;394(10194):249–60.

	7.	 Harris R, Nicoll AD, Adair PM, Pine CM. Risk factors for dental caries in 
young children: a systematic review of the literature. Community Dent 
Health. 2004;21(1):71–85.

	8.	 Berkowitz RJ. Causes, treatment and prevention of early childhood caries: 
a microbiologic perspective. J Can Dent Assoc. 2003;69(5):304–7.

	9.	 Leong PM, Gussy MG, Barrow SYL, de Silva-Sanigorski A, Waters E. A 
systematic review of risk factors during first year of life for early childhood 
caries. Int J Paediatr Dent. 2013;23(4):235–50.

	10.	 Qin M, Li J, Zhang S, Ma W. Risk factors for severe early childhood caries 
in children younger than 4 years old in Beijing. China Pediatr Dent. 
2008;30(2):122–8.

	11.	 Sofi-Mahmudi A, Masinaei M, Shamsoddin E, Tovani-Palone MR, Heydari 
M-H, Shoaee S, 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.

	12.	 Goldfeld S, Cameron A, Doyle K, Drummond B, Kilpatrick N, Morris P, et al. 
The Royal Australasian College of Physicians oral health in children and 
young people position statement. Sydney: Royal Australasian College of 
Physicians; 2012.

	13.	 Casamassimo PS, Thikkurissy S, Edelstein BL, Maiorini E. Beyond the dmft: 
the human and economic cost of early childhood caries. J Am Dent 
Assoc. 2009;140(6):650–7.

	14.	 Nora AD, da Silva RC, de Oliveira RR, Soares FZM, Minatel Braga M, Lenzi 
TL. Is caries associated with negative impact on oral health-related qual‑
ity of life of pre-school children? A systematic review and meta-analysis. 
Pediatr Dent. 2018;40(7):403–11.

	15.	 Ruff RR, Senthi S, Susser SR, Tsutsui A. Oral health, academic performance, 
and school absenteeism in children and adolescents: A systematic review 
and meta-analysis. J Am Dent Assoc. 2019;150(2):111-21.e4.

	16.	 Moles D, Ashley P. Hospital admissions for dental care in children: England 
1997–2006. Br Dent J. 2009;206(7):E14-E.

	17.	 Marthaler T. Changes in dental caries 1953–2003. Caries Res. 
2004;38(3):173–81.

	18.	 Walsh T, Worthington HV, Glenny AM, Marinho VC, Jeroncic A. Fluoride 
toothpastes of different concentrations for preventing dental caries. 
Cochrane Database Syst Rev. 2019;3(3):Cd007868.

	19.	 Buzalaf MAR, Levy SM. Fluoride intake of children: considerations for 
dental caries and dental fluorosis. Monogr Oral Sci. 2011;22:1–19.

	20.	 Murray J, Vernazza C, Holmes R. Forty years of national surveys: an 
overview of children’s dental health from 1973–2013. Br Dent J. 
2015;219(6):281–5.

	21.	 Diep H, Najith A, Gloria M. Child dental health survey Australia 2007 
30-year trends in child oral health. 2012.

	22.	 Ramraj C, Azarpazhooh A, Dempster L, Ravaghi V, Quiñonez C. Dental 
treatment needs in the Canadian population: analysis of a nationwide 
cross-sectional survey. BMC Oral Health. 2012;12(1):1–9.

	23.	 Ravaghi V, Salomon-Ibarra C, Morris J. Child oral health; is there anything 
more to know? Community Dent Health. 2020;37(2):108–9.

	24.	 Gökalp S, Guciz Dogan B, Tekçiçek M, Berberoglu A, Ünlüer Ş. National 
survey of oral health status of children and adults in Turkey. Community 
Dent Health. 2010;27(1):12.

	25.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP. Strengthening the Reporting of Observational Studies in Epidemiol‑
ogy (STROBE) statement: guidelines for reporting observational studies. 
BMJ (Clinical research ed). 2007;335(7624):806–8.

	26.	 Shoaee 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):159–68.

	27.	 Petersen PE, Baez RJ, World Health O. Oral health surveys: basic methods. 
5th ed. Geneva: World Health Organization; 2013.

	28.	 Parsaeian M, Farzadfar F, Zeraati H, Mahmoudi M, Rahimighazikalayeh G, 
Navidi I, et al. Application of spatio-temporal model to estimate burden 



Page 12 of 12Shoaee et al. BMC Oral Health          (2022) 22:634 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

of diseases, injuries and risk factors in Iran 1990–2013. Arch Iran Med. 
2014;17(1):28–33.

	29.	 Farzadfar F, Delavari A, Malekzadeh R, Mesdaghinia A, Jamshidi HR, Sayyari 
A, et al. NASBOD 2013: design, definitions, and metrics. Arch Iran Med. 
2014;17(1):7–15.

	30.	 Metrics IfH, Evaluation. Protocol for the Global Burden of Diseases, Inju‑
ries, and Risk Factors Study (GBD). IHME Seattle, WA; 2015.

	31.	 Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models 
using lme4. 2014. Preprint http://​arxiv.​org/​abs/​14065​823.

	32.	 Knowles JE, Frederick C. merTools: tools for analyzing mixed effect regres‑
sion models. R package version 03 0. 2016.

	33.	 Efron B. Bootstrap confidence intervals for a class of parametric problems. 
Biometrika. 1985;72(1):45–58.

	34.	 Green P, Silverman B. Nonparametric regression and generalized linear 
models: a roughness penalty approach. London: Chapman and Hall; 
1994.

	35.	 Hastie TJ, Tibshirani RJ. Generalized additive model. Abingdon: Taylor & 
Francis; 1990.

	36.	 Statistical Center of Iran. Population and housing censuses. Available 
from: https://​www.​amar.​org.​ir/​engli​sh/​Popul​ation-​and-​Housi​ng-​Censu​
ses.

	37.	 Entezarmahdi R, Houshiarrad A, Gheibi S, Hamisi A, Babayi F, Ajami M, 
et al. Dietary and socio-economic predictors of obesity among 2–5-year 
old in Northwest Iran. Int J Prev Med. 2021;12:116.

	38.	 Azizi-Soleiman F, Motlagh M, Qorbani M, Heshmat R, Ardalan G, 
Mansourian M, et al. Dietary habits and health related behaviors in 
Iranian children and adolescents: the CASPIAN- IV study. Int J Pediatr. 
2016;4:2087–97.

	39.	 Asgari F, Majidi A, Koohpayehzadeh J, Etemad K, Rafei A. Oral hygiene 
status in a general population of Iran, 2011: a key lifestyle marker in rela‑
tion to common risk factors of non-communicable diseases. Int J Health 
Policy Manag. 2015;4(6):343–52.

	40.	 D’Addazio G, Santilli M, Sinjari B, Xhajanka E, Rexhepi I, Mangifesta R, et al. 
Access to dental care—a survey from dentists, people with disabilities 
and caregivers. Int J Environ Res Public Health. 2021;18(4):1556.

	41.	 Kazemian A. Iranian dentistry. J Am Coll Dent. 2018;85(1):19–22.
	42.	 Vernazza C, Rolland S, Chadwick B, Pitts N. Caries experience, the caries 

burden and associated factors in children in England, Wales and Northern 
Ireland 2013. Br Dent J. 2016;221(6):315–20.

	43.	 Santamaria RM, Schmoeckel J, Basner R, Schüler E, Splieth CH. Caries 
trends in the primary dentition of 6-to 7-year-old schoolchildren in Ger‑
many from 1994 to 2016: results from the German National Oral Health 
Surveys in children. Caries Res. 2019;53(6):659–66.

	44.	 Al Agili DE. A systematic review of population-based dental caries studies 
among children in Saudi Arabia. Saudi Dent J. 2013;25(1):3–11.

	45.	 El-Nadeef MA, Hassab H, Al-Hosani E. National survey of the oral health 
of 5-year-old children in the United Arab Emirates. East Mediterr Health J. 
2010;16(1):51–5.

	46.	 Iheozor-Ejiofor Z, Worthington HV, Walsh T, O’Malley L, Clarkson JE, Macey 
R, et al. Water fluoridation for the prevention of dental caries. Cochrane 
Database Syst Rev. 2015;2015(6):Cd010856.

	47.	 Marinho VC, Chong LY, Worthington HV, Walsh T. Fluoride mouthrinses for 
preventing dental caries in children and adolescents. Cochrane Database 
Syst Rev. 2016;7(7):Cd002284.

	48.	 Marinho VC, Worthington HV, Walsh T, Clarkson JE. Fluoride varnishes for 
preventing dental caries in children and adolescents. Cochrane Database 
Syst Rev. 2013;7:Cd002279.

	49.	 Marinho VC, Worthington HV, Walsh T, Chong LY. Fluoride gels for 
preventing dental caries in children and adolescents. Cochrane Database 
Syst Rev. 2015;2015(6):Cd002280.

	50.	 de Silva AM, Hegde S, Akudo Nwagbara B, Calache H, Gussy MG, Nasser 
M, et al. Community-based population-level interventions for promoting 
child oral health. Cochrane Database Syst Rev. 2016;9(9):Cd009837.

	51.	 Moynihan P, Petersen PE. Diet, nutrition and the prevention of dental 
diseases. Public Health Nutr. 2004;7(1a):201–26.

	52.	 Taghipour N, Amini H, Mosaferi M, Yunesian M, Pourakbar M, Taghipour 
H. National and sub-national drinking water fluoride concentrations 
and prevalence of fluorosis and of decayed, missed, and filled teeth 
in Iran from 1990 to 2015: a systematic review. Environ Sci Pollut Res. 
2016;23(6):5077–98.

	53.	 Ohrn K. The role of dental hygienists in oral health prevention. Oral 
Health Prev Dent. 2004;2(Suppl 1):277–81.

	54.	 Young DA, Lyon L, Azevedo S. The role of dental hygiene in caries man‑
agement: a new paradigm. J Dent Hyg. 2010;84(3):121–9.

	55.	 The Global Data Lab. Human Development Index 2021. Available from: 
https://​globa​ldata​lab.​org/​shdi/​shdi/​IRN/?​levels=​1%​2B4&​inter​polat​ion=​
1&​extra​polat​ion=​0&​neare​st_​real=0.

	56.	 Salehi MJ. Ranking Iran’s provinces based on human development and 
human capital indices. Q J Res Plan High Educ. 2018;24(1):27–49.

	57.	 Sofi-Mahmudi A, Moradi S, Salomon-Ibarra CC, Morris J, Ravaghi V. 
Greater child dental health inequality in England compared to Wales and 
Northern Ireland, despite lower average disease levels. Community Dent 
Health. 2020;37(2):138–42.

	58.	 Ghasemianpour M, Bakhshandeh S, Shirvani A, Emadi N, Samadzadeh H, 
Moosavi Fatemi N, et al. Dental caries experience and socio-economic 
status among Iranian children: a multilevel analysis. BMC Public Health. 
2019;19(1):1569.

	59.	 Watt RG, Daly B, Allison P, Macpherson LM, Venturelli R, Listl S, et al. 
Ending the neglect of global oral health: time for radical action. Lancet. 
2019;394(10194):261–72.

	60.	 Ravaghi V, Hargreaves D, Morris A. Persistent socioeconomic inequality in 
child dental caries in England despite equal attendance. JDR Clin Trans 
Res. 2020;5(2):185–94.

	61.	 Salomon-Ibarra CC, Ravaghi V, Hill K, Jones CM, Landes DP, Morris AJ. Low 
rates of dental attendance by the age of one and inequality between 
local government administrative areas in England. Community Dent 
Health. 2019;36(1):22–6.

	62.	 Sheiham A. Dental caries affects body weight, growth and quality of life 
in pre-school children. Br Dent J. 2006;201(10):625–6.

	63.	 Jordan AR, Becker N, Jöhren HP, Zimmer S. Early childhood caries and 
caries experience in permanent dentition: a 15-year cohort study. Swiss 
Dent J. 2016;126(2):114–9.

	64.	 Hayden C, Bowler JO, Chambers S, Freeman R, Humphris G, Richards D, 
et al. Obesity and dental caries in children: a systematic review and meta-
analysis. Commun Dent Oral Epidemiol. 2013;41(4):289–308.

	65.	 Te Morenga L, Mallard S, Mann J. Dietary sugars and body weight: 
systematic review and meta-analyses of randomised controlled trials and 
cohort studies. BMJ (Clinical research ed). 2012;346: e7492.

	66.	 Goodson JM, Tavares M, Wang X, Niederman R, Cugini M, Hasturk H, et al. 
Obesity and dental decay: inference on the role of dietary sugar. PLoS 
ONE. 2013;8(10): e74461.

	67.	 Sheiham A, Watt RG. The common risk factor approach: a rational 
basis for promoting oral health. Commun Dent Oral Epidemiol. 
2000;28(6):399–406.

	68.	 Watt RG, Sheiham A. Integrating the common risk factor approach 
into a social determinants framework. Commun Dent Oral Epidemiol. 
2012;40(4):289–96.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

http://arxiv.org/abs/14065823
https://www.amar.org.ir/english/Population-and-Housing-Censuses
https://www.amar.org.ir/english/Population-and-Housing-Censuses
https://globaldatalab.org/shdi/shdi/IRN/?levels=1%2B4&interpolation=1&extrapolation=0&nearest_real=0
https://globaldatalab.org/shdi/shdi/IRN/?levels=1%2B4&interpolation=1&extrapolation=0&nearest_real=0

	Trends in dental caries of deciduous teeth in Iran: a systematic analysis of the national and sub-national data from 1990 to 2017
	Abstract 
	Background: 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Disease selection and definitions
	Data sources
	A. Published, unpublished and grey literature
	Selection criteria 
	Selection of searched articles 
	Quality assessment and data extraction 

	B. National data
	Statistical methods and analysis 



	Results
	Literature review
	National dmft in all ages
	1–4 age group
	5–9 age group
	10–14 age group
	Sub-national dmft

	Discussion
	Strengths
	Limitations

	Conclusion
	Acknowledgements
	References


