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Abstract

Background: The association between caries index, which is diagnosed by Decayed, Missing, and Filled Teeth
(DMFT), and asthma has been assessed in several studies, which yielded contradictory results. Meta-analysis is the
statistical procedure for combining data from multiple studies and reducing the differences among parameters due
to the increased number of studies involved in the analysis process. Therefore, the present study aimed to
determine the relationship between dental caries using decayed, missing, filled teeth indices (DMFT, dmft, and
DMFS indices) and asthma using meta-analysis.

Methods: Databases were searched using such keywords as “Asthma,” “Caries,” “DMFT,” “DMFS,” “Iran,” and OR
operators, AND, and NOT. After the elimination of duplicate documentation, the articles which met the inclusion
criteria were selected. Quality assessment was performed based on the Newcastle-Ottawa Quality Checklist (NOS).
After that, standardized mean difference (SMD) of DMFT, dmft, and Decayed, Missing, and Filled Surfaces (DMFS)
indices were estimated.

Results: The number of 10 evidence was extracted out of nine studies in which mean oral health indices were
compared between asthmatic patients and the control group. Out of 10 evidences that examined the association
of DMFT, dmft, and DMFS with asthma, these indices were higher in asthmatic patients than the control group in
seven cases. In three cases, these differences were statistically significant. The SMD of DMFT, dmft, and DMFS
indices between asthmatic patients and the control group at the confidence level of 95% were reported as 0.29 (−
0.05, 0.62), 0.48 (− 0.20, 1.17), and − 0.05(− 0.30, 0.21), respectively.

Conclusion: According to the results, the prevalence of dental caries is higher among patients with asthma than in
the control group. Therefore, having asthma could be considered a risk factor for the development of dental caries.
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Introduction
Oral health is one of the crucial factors that contribute
to people’s general health [1]. The DMFT index (Decay-
missing-filled teeth index) is one of the best epidemio-
logical indices in dentistry that reflects oral and dental
health in the community. It is also known as the caries
index [2]. It was proposed by Klein et al. in 1938 as an
index of decayed, filled, and missed permanent teeth to
evaluate the prevalence of coronal caries [3].
Although oral diseases threaten all age and sex groups,

some community groups are more vulnerable due to
specific physiological conditions. For instance, asthma is
a chronic respiratory syndrome that causes inflamma-
tion, irritability, and stenosis (spasm) of the lung’s air-
ways [4]. This disease is characterized by the infiltration
of mast cells, eosinophils, and lymphocytes, which re-
sults in airway hypersensitivity, mucosal edema, and
mucus production [5]. General symptoms of asthma in-
clude wheezing, coughing, and shortness of breath [6].
According to epidemiological studies, this disease’s inci-
dence has increased over the past two decades [7].
According to a Global Asthma Network (GAN) report

in 2014, over 300 million people are infected with
asthma, and this number is increasing by the day [8].
According to statistics published in 2007, the prevalence
of asthma in Iran was 13.14%, which is higher than the
world average [9]. Considering this significant increase
in asthma prevalence, it seems that environmental fac-
tors linked to modern lifestyle contribute significantly to
this disease’s etiology [10]. Although this disease has no
definitive cure, it can be controlled in most patients using
preventive measures and appropriate drug interventions
(e.g., β2 agonists, inhaled bronchodilators, inhaled cortico-
steroids, and sodium cromoglycate). Inhaled corticoste-
roids (ICSs) are the standard treatment for most patients,
and in adults who do not respond to ICSs, long-acting β2
agonists are used along with ICS [11, 12].
Several studies have been conducted on the relation-

ship between asthma and oral health; nonetheless, they
have yielded contradictory results. Some of these find-
ings suggested a positive association between asthma
and caries [13–15] while, some others did not report
such a relationship and believed that no significant dif-
ference would be found in caries prevalence between
asthmatic patients and healthy individuals if they observe
dental care [16–18].
It has also been suggested that patients with asthma

are more susceptible to caries progression since anti-
asthmatic drugs have a relatively low pH [19] and can
contain sweeteners and fermentable carbohydrates, such
as lactose monohydrate [20, 21]. Moreover, these medi-
cations affect the salivary flow rate [22], increasing the
susceptibility of people with asthma to caries. Also, pa-
tients with asthma may be more likely to use erosive

beverages [23], and their mouth breathing habit may
contribute to more decay in these individuals [24]. Most
asthmatic patients use inhaled drugs in the wrong way;
in other words, instead of the upper airway, large
amounts of medication are administered in the oral cav-
ity, which potentially has decaying effects [25].
Therefore, regarding the findings mentioned above

and the inconsistencies in the existing knowledge of the
relationship between oral health indices and asthma, the
present study aimed to estimate the relationship between
dental caries using decayed, missing, filled teeth indices
(DMFT, dmft, and DMFS indices) and asthma using
meta-analysis and to determine the standardized mean
difference (SMD) of caries indices between patients with
asthma and the control group.

Methods
Inclusion and exclusion criteria
Inclusion and exclusion criteria were determined accord-
ing to the PI(E)CO framework (population, exposure,
comparator, and outcome). In the present study, “P” in-
cludes patients with asthma among the primary studies,
“I (E)” means exposure to asthma. “C” stands for the
control group, which included patients without asthma
during the primary studies, “O” contains SMD of DMFT,
dmft and Decayed, Missing, and Filled Surfaces (DMFS)
indices in the asthmatic and control groups [26].
The included articles included case-control and histor-

ical cohort studies. Moreover, studies published from
any time until the end of February 2020 were also in-
cluded in the inclusion criteria. The searching time was
March 27, 2020, and the articles were published in
English and Persian. It is worthy to note that the prelim-
inary studies were conducted in Iran.

Search strategy
We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
for study design, search protocol, screening, and report-
ing. PubMed, Scopus, Science Direct, Web of Science
databases, and Iranian databases, such as Magiran and
SID were searched using such keywords as “Asthma,”
“Caries,” “DMFT Index,” “DMFS Index,” “Iran,” and OR
operators, AND and NOT.
The search strategy in the PubMed database was as

follows:
The list of published study sources was reviewed to in-

crease the sensitivity of the search and select more stud-
ies. Endnote software was used to manage resources.

Selection of studies
Duplicate documentation was initially removed due to
overlap of content in different search databases, and
non-relevant articles were subsequently excluded based
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on the title and abstract of the initial screening studies.
After that, full-text articles were received by two people
to check the inclusion and exclusion criteria, and the in-
consistencies were discussed.

Data extraction
The data were extracted independently by two individ-
uals based on the format mentioned in the methods sec-
tion. The third author was responsible for matching the
two extracted files, but no disagreement was not found.
Extracted variables included first author’s family name,
article title, journal name, year of publication, place of
study, the sample size in asthmatic patients, sample size
in the control group, mean and standard deviation of
DMFT, dmft, and DMFS parameters, method of selec-
tion of the cases and controls, matching the case and
control groups by age and sex, and evaluation of DMFT,
dmft, and DMFS indices in the case and control groups.

Quality assessment
The quality assessment of the initial articles which met
the inclusion criteria was carried out using the
Newcastle-Ottawa Scale (NOS) checklist. The checklist
score is between 9 and 0 [27]. Two individuals inde-
pendently performed the quality assessment, and articles
with a score of less than five were excluded.

Statistical methods
The obtained data were analyzed in Stata software (ver-
sion 11). The heterogeneity index between studies was
determined using the I2 test. The random-effect model
was used to estimate the standardized difference of
mean DMFT, dmft, and DMFS parameters in the asth-
matic group, compared to the control group. It should
be noted that the inverse variance method was used to
estimate the association between the mentioned indices
with asthma. Forest plot, which is typically used to
present meta-analysis results, was applied to calculate
point estimates of standardized mean difference of
DMFT, dmft, and DMFS indices with a 95% confidence
interval. In the forest plot, the size of the square repre-
sents the weight of each study, and the lines on both
sides depict a 95% confidence interval. Also, each initial
study’s impact on the overall estimate was assessed by
sensitivity analysis. Statistical significance was based on
the mean difference’s confidence interval, which if the
mean difference’s confidence interval included zero, the
differences were not significant. If it did not include
zero, the differences were considered significant.

Results
A total of 2658 articles were identified by searching the
various databases based on the method section’s strat-
egy. Duplicate documentation was removed due to

overlapping databases. Subsequently, full-texts of 11 arti-
cles were reviewed, out of which two papers were ex-
cluded due to the inaccessibility of the data. Finally, nine
articles were evaluated for quality, all of which met the
minimum inclusion criteria (Fig. 1) [28–36].
Out of nine studies that compared the mean of oral

health indices of asthmatic patients to the control group,
ten pieces of evidence were extracted (Table 1). Out of
10 evidence that examined the relationship of DMFT,
dmft, and DMFS with asthma, in 7 cases, these indices
were higher in asthmatic patients than the control group
[28, 29, 31, 32, 35, 36]. In three cases, these differences
were statistically significant [28, 31, 36]. Since the inves-
tigated indices’ nature varied among the preliminary
studies included in the meta-analysis, these studies’ re-
sults were separately combined according to DMFT,
dmft, and DMFS. The relationship between DMFT and
asthma was examined in 4 out of 10 evidence. These
four studies’ mixed results indicated that the mean stan-
dardized difference with a 95% confidence interval was
estimated to be 0.29 (− 0.05, 0.62). It is worthy to note
that the heterogeneity of the results of the preliminary
studies was significant (I-squared: 69.9%, Q: 9.95, P =
0.019) (Fig. 2). Moreover, in 4 of 10 evidence that exam-
ined the association between dmft and asthma, the stan-
dardized mean difference with a 95% confidence interval
was estimated to be 0.48 (− 0.20, 1.17). There was also a
high heterogeneity between the results of these four
studies (I-squared: 93.0%, Q: 42.69, P < 0.0001) (Fig. 3).
In 2 out of 10 evidence that examined DMFS and

asthma association, the standardized mean difference
with a 95% confidence interval was calculated as − 0.05
(− 0.30, 0.21). The heterogeneity between these two
studies’ results was low (I-squared: 0.0%, Q: 0.20, P =
0.654) (Fig. 4). Based on the sensitivity analysis results,
each study’s effect on the overall estimate was not
significant.

Discussion
In the present study, to investigate the association of
asthma with dental caries (measured by DMFT, dmft,
and DMFS indices), the results of preliminary studies
were combined using meta-analysis. The obtained re-
sults indicated that DMFT and dmft indices in patients
with asthma were 0.29 and 0.48 more than the control
group, respectively. Although this difference is not statis-
tically significant, it is clinically significant. Also, the
DMFS index in patients with asthma was 0.05 less than
the control group, which was not statistically significant.
In a meta-analysis in 2011, Alavaikko et al. investigated

18 studies on asthma and dental caries in deciduous
teeth (from 1950 to May 2010). Consistent with the
present study result, they reported that patients with
asthma are at significantly greater odds for experiencing
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Table 1 Characteristics of primary studies compiled to meta-analysis: the association between oral hygiene indices and asthma

First author,
publication year

Area
study

Type study Case (Asthma) Control Score of
quality
assessment

Sample size Mean SD Sample size Mean SD

Ghasempoor 2005 [36]a Babol Case-control 75 2.27 2.65 75 0.8 1.41 7

Bahrololoomi 2016 [29]a Yazd Case-control 46 0.9 0.691 47 0.6 1.027 8

Khalilzadeh 2007 [33]a Tehran Case-control 45 3.98 2.53 46 4.30 2.81 6

Hassanpour 2019 [31]a Sabsevar Case-control 70 0.71 1.47 70 0.48 1.002 7

Amirabadi 2013 [28]b Zahedan Case-control 100 3.1 2.1 100 1.14 1.2 7

Bahrololoomi 2017 [30]b Yazd Case-control 46 4.15 3.27 47 5.25 2.25 8

Ehsani 2013 [32]b Tehran Case-control 44 3.34 1.71 46 3.0 1.8 7

Hassanpour 2019 [31]b Sabsevar Case-control 70 3.79 1.83 70 2.32 1.21 7

Salem 2018 [35]c Rasht Historical cohort 73 0.87 0.34 73 0.87 0.32 8

Salem 2009 [34]c Tehran Case-control 45 3.98 2.53 46 4.30 2.81 8
a DMFT included to meta-analysis
b dmft included to meta-analysis
c DMFS included to meta-analysis

Fig. 1 Searching and selection of the primary studies
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caries [37]. Kargul et al. concluded that during the first
30min of inhalation, the salivary pH decreased signifi-
cantly. The plaque pH (pH = 5.5) dropped to a pH lower
than required enamel demineralization [38]. Also, Ersin
et al. reported that prolonged use of inhaled drugs lowers
PH and reduces salivary flow leading to the increased
colonization of streptococcus mutans and lactobacillus,
which play a significant role in the development of dental
caries [22]. In contrast to the two mentioned studies, a
study performed by Wogelius et al. on 5 to 7-year-old
children demonstrated that the administration of anti-
asthmatic drugs did not lead to an increased prevalence of
caries [39]. Moreover, Brigic et al. did not find the use of
inhaled drugs (IADs) to be associated with decreased sal-
iva and increased colonization of cariogenic bacteria [40].
In patients with asthma, due to reduced oxygen supply

to active ameloblasts, enamel formation is impaired,
which results in enamel defects. Since ameloblast cells
are highly susceptible to systemic and genetic abnormal-
ities, they cannot repair after injury [38]. Consequently,
respiratory diseases in the early years of life can affect
tooth formation and contribute to the development of

hypo mineralized enamel lesions that affect DMFS [38,
41, 42]. Also, the concentration of nitric oxide increases
in the exhaled breath of people with airway inflamma-
tory diseases. In water, nitrous oxide converts to nitric
acid, and since the oral cavity is very moist, the risk of
demineralization of hard dental tissues increases [43].
Also, it is noteworthy that genes related to the immune
cell signaling pathway are expressed differently in people
with asthma [44] and may be involved in the association
between asthma and high risk of caries. About 30 single
nucleotide polymorphisms (SNPs) are known to be asso-
ciated with asthma [45]. Out of the genes identified by
SNP, SPRY1/ANKRD50 and SLC7A11/PCDH18 genes in
chromosome 4 which are located approximately 70 mil-
lion base pairs from AMBN (Ameloblastin) and IL2RB
gene in chromosome 22, which are located about 11
million base pairs from (Tuftelin interacting protein 11)
TFIP11 are involved in the development of dental caries
in children with asthma. The AMBN rs4694075 gene
that controls enamel crystals’ elongation process and
contributes to enamel mineralization during tooth devel-
opment is involved in the initiation of dental caries in

Fig. 2 Standard mean difference forest plots of DMFT Index in each primary study and its overall estimate
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patients with asthma [46]. Another gene is CD-14, which
is indicated as an example of gene-environment correl-
ation in asthma [47], and genes encoding beta-defensin 1
[48] and matrix metalloproteinases [49] may also be in-
volved in the relationship between caries and asthma.
Therefore, a theory is proposed that the increased preva-
lence of caries in people with asthma may also be due to
genetic variation in enamel formation genes [50–52].
The immune response also plays a role in caries-related

outcomes in patients with asthma so that higher levels of
IgG are against Streptococcus mutans and lactobacillus.
Since serum IgG levels in asthmatic patients are more ele-
vated than non-asthmatic patients [53], elevated serum
IgG, and IgA levels in asthmatic patients may be attributed
to the use of inhaled corticosteroids [54]. On the other
hand, Galaviz et al. suggested a reverse association between
asthma and dental caries, and the prevalence of dental car-
ies is lower in patients with asthma [55]. According to
studies conducted in this field, apart from the disease’s
pathophysiological changes, oral changes in patients with
asthma can also be due to medication. Inhaled anti-asthma
drugs can make asthmatic patients more susceptible to
dental caries due to decaying compounds, unpleasant taste,

the effect on flow, PH, and the salivary buffering capacity,
as well as the systemic effects [25, 56, 57].
Although most patients use a multi-drug regimen, a

study conducted by Heidari et al. found that among the
three types of anti-asthmatic medications (spray, syrup,
and tablets), tablets are more likely to cause caries [58].
Other studies have indicated that syrup forms of the drug
(due to sugar and high concentration) [59] and spray
(from 60% for powdered inhalation drugs to 80% for aero-
sol metered-dose medicines which remain in the oral cav-
ity after administration) [60, 61] are more effective in an
increased risk of caries. A study carried out by Ersin et al.
also demonstrated that the type of anti-asthmatic medica-
tion did not affect salivary flow rate, pH, and salivary buff-
ering capacity [22]. Salem et al. also indicated that the
dual-drug regimen of β2 agonists and corticosteroids
(bronchodilator with anti-inflammatory) reduce the sever-
ity and frequency of asthma attacks. Therefore, the patient
is less in need of β2 agonists, a potent salivary-reducing
agent, reducing the risk of caries in patients [37].
Based on the current meta-analysis results and existing

knowledge of the association between DMFT parameters
and asthma, it is suggested that people with asthma

Fig. 3 Standard mean difference forest plots of dmft index in each primary study and its overall estimate
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undergo frequent dental examinations more frequently
than healthy individuals. Therefore, it is recommended
that some measures be taken to raise their awareness of
the factors affecting dental decay.
They should also be instructed on the correct use of in-

haled drugs; moreover, the application of inhalation spacer
(which facilitates oral inhaler administration) is suggested to
prevent the spread of drugs in the oral cavity. Furthermore,
patients should be instructed to rinse their mouths with
neutralizing or pH balancing mouthwash (such as sodium
fluoride) immediately after using inhaled drugs. In children
with asthma, preventive measures, such as regular fluoride
therapy, fissure sealants of cavity-prone teeth, and everyday
mouthwash use, should be taken from the outset. A pulmo-
nologist should be consulted on the possible change in drug
composition (recommending dual drug regimens) or
training on single-drug side-effect reduction strategies.

Limitations
Every study has some limitations which should be addressed
in the paper. The possible limitation of this meta-analysis is
related to the diversity of the included preliminary studies.
The study population of preliminary studies may have been

different in terms of such variables as genetics, ethnicity,
nutritional status, general literacy level, health literacy level,
socioeconomic status, and access to oral health. Due to the
inability to extract variables such as genetics, ethnicity,
economic and social issues from the initial studies, it was
impossible to evaluate them by meta-regression.
The studies reviewed in this meta-analysis did not

mention whether the asthmatic patients they examined
were current or former asthmatics. Therefore, the asth-
matic category mentioned in this meta-analysis might
have included both current and former asthmatic pa-
tients. This can be listed as one of the limitations of this
study as we cannot answer this question according to
the evidence extracted from the reviewed articles.

Conclusion
This meta-analysis demonstrated that the DMFT and dmft
indices’ status was higher in asthmatic patients than in the
control group. Although the DMFS index was lower in
asthmatic patients, this finding wasn’t statistically signifi-
cant. Therefore, it could be concluded that asthmatic pa-
tients had a higher prevalence of dental caries than people
without asthma.

Fig. 4 Standard mean difference forest plots of DMFS Index in each primary study and its overall estimate
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