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The molar-incisor permineralização (MIH) is a qualitative enamel developing abnormality involving the occlusal and/or incisal third of one or more molars or permanent incisors, caused by systemic factors. Several systemic disorders and environmental factors, such as respiratory diseases, have been reported as probable causes of MIH. Thus, this work aimed to evaluate whether respiratory diseases and MIH are associated. The searches were carried out in electronic databases, including PubMed, Scopus, Web of Science, the Cochrane Library, LILACS, OpenGrey, and Google Scholar. The acronym PECO was used, in which the P (population) was humans in permanent dentition stage; (E-exposure) molar-incisor hypomineralization; (C-comparison) reference population and (O - outcome) respiratory diseases. After the search retrieval, the duplicates were removed, and the articles were evaluated by title and abstract; then, the papers were read and thoroughly assessed. After selection, the risk of bias assessment was performed using the Newcastle-Ottawa Scale (NOS) for observational studies. The Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) tool was used to assess the level of evidence. Three thousand six hundred and sixty six were found through the searches. After exclusion by duplicates, title, abstract, and full-reading, 13 articles remained. The articles included in this review evaluated the association of MIH with asthma, tonsilitis, pneumonia, and bronchitis. Most reports showed a low risk of bias. When exploring through GRADE, a very low level of evidence was found. We observed that the included studies showed that children with MIH had more respiratory diseases than the group that did not have MIH.

Systematic review registration: https://osf.io/un76d.
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Introduction

Several dental enamel developmental abnormalities exist, including amelogenesis imperfecta and dental fluorosis. The molar-incisor hypomineralization (MIH), associated with problems in some stages of enamel production (presecretory, secretory, transition, maturation, and post-maturation), has been described in recent years. MIH is the most prevalent among these enamel defects, yet little is known about its pathogenesis (1, 2).

MIH is a qualitative enamel developmental disorder involving the occlusal and/or incisal third of one or more molars or permanent incisors resulting from systemic factors (1, 3). Epidemiological studies indicate a significant variation in the prevalence of MIH depending on the region or group considered, ranging from 2.9 to 44% in different locations, with an overall estimate of 14.2% prevalence worldwide (4–7).

MIH can cause minor to severe changes in the enamel, which might vary even within the same person (8, 9). The intensity spectrum ranges from small white, yellow or brown demarcated opacities to significant defects involving post-eruptive breakdown (PEB) that might include large portions of the crown and cusp region (10). In the latter case, the enamel is lost after tooth eruption, exposing the underlying dentin and favoring dentinal sensitivity, as well as the development of caries lesions (11–15). The affected enamel shows damage in its mechanical properties due to changes in the conformation of the mineralized crystals and sheaths of the enamel prisms. These modifications culminate in reduced hardness and elasticity compared to normal enamel (2, 16, 17).

Although the literature presents several conditions associated with MIH, there is no consensus about its etiology (18–20). It is believed that MIH is a multifactorial disease with systemic, environmental, and hereditary factors possibly influencing the enamel maturation process (1, 21). Genetic conditions, malnutrition, use of antibiotics, chickenpox, and respiratory diseases have been reported as examples of probable causes of MIH (22–25).

In addition, dental amelogenesis, which is the process by which enamel is formed, is split into three stages: secretory, transition, and maturation. At certain moments of the maturation process, failures may occur that lead to molar-incisor hypomineralization in both deciduous and permanent dentition, since amelogenesis occurs independently in each tooth germ (22). That's why children are more susceptible to the development of hypomineralization due to systemic disturbances (22).

In this context, the prevalence of respiratory diseases in early childhood becomes alarming. A study conducted by the Global Burden of Disease (26) in 195 countries showed that respiratory tract infections are one of the leading causes of early mortality. Although there are recent studies (27, 28) describing the association of MIH with various diseases, there is still no systematic review investigating the association with only respiratory diseases, to better clarify the influence of these respiratory diseases on the onset of MIH. Thus, this systematic review sought to bring together studies that assessed the presence of respiratory diseases in individuals with and without MIH and analyze the association between these conditions.



Materials and methods


Registration

This systematic review was delineated following the Preferred Reporting of Systematic Review and Meta-analyses (PRISMA) (29) and registered with Open Science Framework under the URL https://osf.io/un76d.



Eligibility criteria

This review aimed to elucidate the question: “Is there an association between molar-incisor hypomineralization and respiratory diseases?” The eligibility criteria were carried out according to the PECO strategy. It symbolizes (P-population) humans in the permanent dentition stage; (E-exposure) molar-incisor hypomineralization; (C-comparison) comparative population; and (O-outcome) respiratory disorders. Observational studies that fit the PECO were included.

Case reports, descriptive, opinion, technical, animal, and in vitro studies were excluded. The null hypothesis of this study is that there is no relationship between the presence of molar-incisor hypomineralization and respiratory diseases.



Research strategy and study selection

The searches were performed in the following electronic databases: PubMed, MEDLINE, Latin American and Caribbean Health Sciences Literature database (LILACS), Scopus, Web of Science, and The Cochrane Library. OpenGrey and Google Scholar were used as gray literature. The searches were carried out until June of 2022. There was no linguistic or year restriction on demand. Medical Subject Headings (MeSH) and free terms were combined according to the syntax rule for each database. Terms related to molar-incisor hypomineralization, and diseases related to the respiratory tract in humans were searched. The search strategy adopted for each database is explicit in Supplementary Table 1.

The selection of studies took place first through evaluating the title and abstract, considering the eligibility criteria by two independent reviewers, GOL and YGSN; then, each article had its full text revised following the same protocol. The kappa test statistic for the reliability assessment was 0.99 with a P-value of 0.001, showing total concurrence between the two reviewers. If needed, discrepancies between reviewers were assessed by a third appraiser (RRL).

After selecting the studies, alerts were made in each database to include new studies published after the search date. A manual search of the references of the definitive studies was also carried out to include more studies that fit the criteria of this study. After searching, the citations found in each database were exported to reference management software (EndNote, X9 version, Thomson Reuters, Philadelphia, United States), and duplicated results were excluded.



Data extraction

After selecting the studies, data related to the country, year, type of study, sample characteristics (origin and size), mean age, MIH evaluation, respiratory disease evaluation, results, and statistical analysis were extracted from all studies (Table 1). Two reviewers (GOL and YGN) performed this step and a third reviewer was checked in case of disagreement (RRL).


TABLE 1 Summary of characteristics and results of the included studies.
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Risk of bias

The New Castle-Ottawa scale for observational studies was used to assess the quality of the articles included (41). In this scale, the methodological quality was evaluated by a star system in three domains: selection of participants, comparability of study groups, and determination of the results of interest. In the first section, the study is evaluated regarding the case definition, the representativeness of the cases, and the selection and definition of the controls. The second domain evaluates the comparability of cases and controls based on the design or analysis. The exposure section analyzes the ascertainment of exposure, the non-response rate, and whether the study used the same method for cases and controls. The studies were evaluated, reaching a total score of 9 stars at most, four stars for selection, two for comparability, and three for the outcome (Tables 2, 3).


TABLE 2 Newcastle-Ottawa for case-control studies.

[image: Table 2]


TABLE 3 Newcastle-Ottawa for cross-sectional studies.
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Quantitative analysis

Only the cross-sectional studies were included in the quantitative analysis to evaluate the prevalence of respiratory diseases in an MIH population. Three studies have been excluded due to methodological heterogeneity (the methodology of the articles being very different from the others included in the meta-analysis).

Data from the included studies were analyzed using Review Manager software (Review Manager v. 5.3, The Cochrane Collaboration; Copenhagen, Denmark). Five independent meta-analyses were performed to evaluate the prevalence of asthma (1), pneumonia (2), tonsilitis (3), bronchitis (4), and rhinitis (5) among control and MIH patients. The total events were entered in each analysis, and a fixed-effects model was adopted. The Odds ratio with a 95% confidence interval (CI) was used to report the outcomes. If any of the selected papers missed part of the information required for the meta-analysis, the authors were contacted to provide the missing information (42).

Heterogeneity was tested using the I2 index, and, if possible, sensitivity analyses were conducted to estimate and verify the influence of studies, one by one, when the heterogeneity was substantial or considerable (50 to 100%) (www.training.cochrane.org/handbook).



Certainty of evidence

The overall certainty of evidence was presented using the Grading of Recommendation, Assessment, Development, and Evaluation (GRADE) tool (43). Evidence from observational studies was initially classified as low quality but can be increased according to the methodological design, risk of bias, consistency, and directness. Five subgroups were created following the results from meta-analyses: prevalence of asthma (1), the prevalence of pneumonia (2), the prevalence of tonsilitis (3), the prevalence of bronchitis (4), and prevalence of rhinitis (5).




Results


Selection and characteristics of the studies

Three thousand six hundred sixty-six articles were found after the searches. After excluding duplicates, 3,412 remained and had their titles and abstracts evaluated, in which 17 articles had their texts read in full. In this phase, four studies were excluded 1 study was excluded for having a therapeutic intervention (44), 1 for not assessing MIH (45), 1 had no control group (46), and 1 for relating dental caries to MIH (47), resulting in 13 final articles (Figure 1).
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FIGURE 1
 Flowchart of the study selection process according to the PRISMA protocol (29).


Therefore, thirteen articles were included in this systematic review (23, 24, 30–40). Seven of them were case-control (23, 24, 30, 34, 36, 38, 39) and six were cross-sectional studies (31–33, 35, 37, 40) (Table 1). A total of 8,897 individuals were evaluated, of which 1,498 were included in the group with MIH and 7,399 in the group without MIH, with a mean age of the participants of 9.78 years. Three studies were performed in dental departments of universities, six in schools, and two did not specify the location of recruitment and analysis of individuals.

Regarding the MIH diagnosis, seven studies used the criteria of the European Academy of Pediatric Dentistry (EAPD) (30, 31, 33, 36–38, 40), one study used the modified version of the Developmental Defects of Enamel (DDE) Index (24), one study classified injuries according to the criteria of the FDI Working Group, Comission on Oral Health, 1992; (32). Two studies used previously trained examiners to perform the MIH screening, and two did not specify the method for diagnosing MIH injuries (23, 34, 35, 39). To assess the history of respiratory diseases in the study participants, nine studies evaluated questionnaires answered by those responsible for their medical history (24, 30, 32–38), three studies conducted an interview with those responsible (23, 31, 39) and one study carried out an analysis of medical records (40). Of the respiratory diseases observed in the studies, asthma, pneumonia, tonsillitis and bronchitis were found more frequently in the individuals participating.

Among the thirteen articles included in this review, ten (23, 24, 30–32, 34, 35, 37–39) observed asthma as a respiratory disease present in the individuals studied. Four had a significantly higher prevalence in individuals with MIH than patients without the condition. In descriptive studies, Lygidakis observed a prevalence of 4.1% of the disease, which ranged from 0 to 4.1% (23).

Seven studies reported the presence of pneumonia (31–33, 36–38). Among those, only two found an association with MIH (32, 34). Beentjes hypothesizes that lack of oxygen is involved in the development of MIH.

Tonsillitis has been reported in eight studies (23, 30–33, 35, 36, 38). Only three of these showed significant results concerning the group without MIH, and one of these showed a statistically significant borderline result (p = 0.06) (38). Sönmez et al. (32) described that 7–12 years old children with tonsillitis had a 1,136 Odds Ratio (OR; 95% CI: 0.865–1.493, 0.359) of having MIH. On the other hand, Souza et al. (33) observed that 6–12 years old children with tonsillitis from urban and rural areas in a Brazilian city had an OR of 0.80 (95% CI: 0.51–1.27, 0.359) of having MIH.

Bronchitis was observed in 5 studies, with only one showing significance between the group of children with MIH and without MIH, with an OR of 1,284 (95% CI: 0.965–1.708, 0.086).



Qualitative assessment of studies and risk of bias

Among the studies included, thirteen showed good quality according to the assessed domains, earning 6 to 10 stars (23, 24, 30–34, 36–40). Problems were observed in the definition of the cases of MIH, representativeness, selection and definition of controls for the case-control studies. In cross-sectional studies, it was found that failures in the sampling method, correspondence between groups and verification of the outcome impair the general quality of the articles. The results of this quality assessment are shown in Tables 2, 3.



Quantitative analysis

To evaluate the prevalence of respiratory diseases in an MIH population, only the cross-sectional studies were included in the quantitative analysis (24, 31–33, 36, 37). Two case-controls (34, 39) and one RCT (30) study have been excluded due to methodological heterogeneity.


Prevalence of asthma

Five studies were included in this analysis. However, a high statistical heterogeneity was observed among studies. To reduce heterogeneity, a sensitivity analysis was performed. Removing studies, one by one, the heterogeneity ranges from 86 to 68%. Therefore, two studies, Sönmez et al. (32) and de Lima et al. (37) were excluded, and the I2 = 68% was considered. As a result, we observed that individuals with MIH (n = 156) showed a higher prevalence of asthma than subjects without MIH (n = 826), OR = 7.06 [3.67, 13.58] (Figure 2).
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FIGURE 2
 Forest plot of meta-analysis for the prevalence of asthma among subjects with MIH. CI, confidence interval.




Prevalence of pneumonia

Five studies were included in this analysis. However, a high statistical heterogeneity was observed among studies. To reduce heterogeneity, a sensitivity analysis was performed. Removing studies, one by one, the heterogeneity ranges from 82 to 0%. Therefore, two studies, Sönmez et al. (32) and Ghanim et al. (36) were excluded, and the I2 = 0% was considered. No difference was observed regarding prevalence of pneumonia when comparing groups with and without MIH across studies (p = 0.49) (Figure 3).


[image: Figure 3]
FIGURE 3
 Forest plot of meta-analysis for the prevalence of pneumonia among subjects with MIH. CI, confidence interval.




Prevalence of tonsillitis

Four studies evaluated the prevalence of tonsillitis. After performing the analysis, a high statistical heterogeneity was observed among studies. To reduce heterogeneity, a sensitivity analysis was performed. Removing studies, one by one, the heterogeneity ranges from 83 to 51%. Therefore, Sömnez et al. (32) was excluded, and the I2 = 51% was considered. As a result, individuals with MIH (n = 254) showed a higher prevalence of tonsillitis than subjects without MIH (n = 1,118), OR = 3.99 [2.26, 7.03] (Figure 4).


[image: Figure 4]
FIGURE 4
 Forest plot of meta-analysis for the prevalence of tonsilitis among subjects with MIH. CI, confidence interval.




Prevalence of bronchitis

Three studies were included in this analysis. Individuals without MIH (n = 4,732) showed a lower prevalence of bronchitis than subjects with MIH (n = 592), OR = 1.46 [1.16, 1.85]. A low heterogeneity was observed between studies (Figure 5).


[image: Figure 5]
FIGURE 5
 Forest plot of meta-analysis for the prevalence of bronchitis among subjects with MIH. CI, confidence interval.




Prevalence of rhinitis

Two studies were included in this analysis. Individuals without MIH (n = 1,206) showed no strong evidence difference on the prevalence of rhinitis when compared to subjects with MIH (n = 592) (p = 0.16). A low heterogeneity was observed between studies (Figure 6).


[image: Figure 6]
FIGURE 6
 Forest plot of meta-analysis for the prevalence of rhinitis among subjects with MIH. CI, confidence interval.





Certainty of evidence

In the GRADE analysis, a very low certainty of the evidence was observed among all outcomes evaluated (Table 4). For instance, the overall certainty of evidence from the Asthma metanalysis was considered “very low” because Allazzam et al. (35) and de Lima et al. (37) showed a poor methodological quality and a moderate statistical heterogeneity (I2 = 68%) was detected. Moreover, the risk of bians in the Pneumonia investigation was serious because one study (37) showed a poor methodological quality. Tonsilitis' level of evidence had serious problems in risk of bias, because Allazzam et al. (35) showed a poor methodological quality, and in inconsistency, because a moderate statistical heterogeneity (I2 = 51%) was detected. Finally, both the Bronchitis and Rhinitis metanalyses indicated a very low level of evidence because they raised some serious concerns about bias due to de Lima et al. (37) study.


TABLE 4 Certainty of the evidence evaluation (GRADE approach).
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Discussion

Among the selected articles, the primary respiratory diseases that appeared as postnatal events related to MIH were asthma, pneumonia, tonsillitis, and bronchitis. Nine out of thirteen articles included in this systematic review reported an association between MIH and respiratory diseases. Eight papers were included in the statistical analysis through meta-analysis, evaluating some respiratory diseases. Despite the study's limitations and the low certainty of evidence demonstrated by GRADE, an overall examination of the studies reveals an association between MIH and respiratory disorders, as shown by the meta-analysis results.

MIH is a defect of multifactorial origin that occurs in dental enamel. The first permanent molar enamel formation (amelogenesis) occurs from the twenty-eighth gestational week. The ameloblast, cell responsible to produce enamel, is among the most sensitive cells in the human body: if its function is temporarily or permanently interrupted depending on the time of injury, hypoplasia or hypomineralization of the enamel might occur (48–50). Some diseases in the prenatal period and infancy can lead to problems in the supply of oxygen to ameloblasts, which causes a loss of the mineral-secreting capacity of these cells (39, 51, 52). Premature births, problems in pregnancy, use of antibiotics, some respiratory diseases (asthma; bronchitis), and some diseases such as chickenpox, otitis, fever, and contact of both the hand and the child with environmental toxins, are highly related to the alteration of the mineral synthesis of ameloblasts causing defects in tooth enamel, such as MIH (39, 51).

One of the main hypotheses for the emergence of MIH comes from the lack of oxygen, mainly through diseases that occurred in the perinatal period, such as asthma, bronchitis, pneumonia, rhinitis, which may cause an imbalance of oxygen in the head and neck region (34, 53, 54). Some conditions, such as an respiratory acidosis due to abnormal oxygen levels due to hypoventilation that occurs in respiratory diseases, may change the pH values of the enamel matrix and results in an inhibition of the action of proteolytic enzymes. This may negatively impact in the growth of hydroxyapatite crystals (55, 56). In this systematic review, we were able to point out a direct association between MIH and respiratory diseases, as reported by Beentjes et al. (34), who showed a difference between the groups with and without MIH regarding respiratory diseases in the perinatal period in which the group with MIH had a total of 8% more cases of asthma than the group without MIH, which had no cases.

Another mechanism in MIH proposed involves extracellular disturbances that causes mineralization poisoning (57, 58). The mineralization-poisoning model involves entrapment of albumin into enamel matrix, which binds to immature enamel crystals and block the entry of mineral ions to the growth surface, resulting in chalky opacities (59).

Analyzing the process and chronology of tooth eruption is of paramount importance for the observation of some biological occurrences that environmental and genetic factors can influence, usually, at 6 months of age, the eruption of deciduous teeth begins and, on average, at 6 years of age, the eruption of teeth permanent teeth, any genetic alteration or any systemic involvement in the prenatal period or early childhood might affect the formation of mature enamel (60). In the articles retrieved in this systematic review, it is possible to observe that children who suffered some type of respiratory diseases in early childhood ended up having a greater number of cases of MIH (32, 34), the age group found in these articles was usually children aged 8 to 14 years, during which period eruption of permanent teeth is occurring (32, 34).

The meta-analyses conducted in our study showed that patients with MIH were more closely related to respiratory diseases, such as asthma, and tonsillitis. According to the GDB (26), there is a high prevalence of respiratory diseases in early childhood, which are responsible for a significant cause of early death. Respiratory diseases end up having a very big impact on children due to the little development of the immune system, the proximity between the bronchi and the trachea, and the little developed lungs (61). These characteristics in children cause a fast transmission of infectious agents in different anatomical structures and a high resistance to the total volume of inspired air, favoring the appearance of obstructive problems and deficits in physical and cognitive development (62).

Respiratory diseases are classified into high and low, both of which can be caused by viruses and bacteria. Upper airway infections can also be called upper airway infections, in which the upper airway is compromised, including rhinitis and pharyngitis (63, 64). In lower respiratory diseases, which affect the lower airways, we have pneumonia and bronchitis, which are more severe diseases that require more complex levels of care (63, 64). In this systematic review, the meta-analysis performed on rhinitis, pneumonia and bronchitis showed that there was no statistical difference between the groups, not showing an strong evidence evidence of a relationship between this diseases e and OHM.

Although we found that children with MIH had more respiratory diseases, some limitations of the studies used in this systematic review should be pointed out. When analyzing the risk of bias, ten articles showed good methodological quality, but when analyzing the level of certainty in evidence, there is very low evidence, mainly due to the high statistical heterogeneity found. The studies generally had good results with a low risk of bias, but three had problems mainly in the selection and exposure domains (34, 35, 37). Thus, this showed an altered bias in at least one of the evaluated domains and revealed a methodological flaw throughout the three articles. These methodological flaws can hinder the real vision of the results obtained throughout these articles.

The level of evidence from the joint studies carried out by GRADE was considered very low for asthma, pneumonia, and tonsillitis and moderate for bronchitis and rhinitis. This tool assesses whether the evidence from study selection is strong enough to conclude the association between MIH and respiratory disease. The main problems found were that some studies (35, 37) showed a low methodological quality, which hinders an overall analysis of the results. Also, it was possible to observe a high heterogeneity between studies, precluding the assumption that respiratory diseases in early childhood cause MIH.

It is worth noting that the systematic review is a secondary study which constructs parallel papers, evaluating their methodology, and providing them together in an extremely applicable mathematics analysis when possible. When based on randomized controlled trials, this type of study was once considered the best scientific evidence available to understand higher cognitive processes in questions about therapeutics. However, recent updates to the pyramid of scientific evidence were made. Due to certain limitations of this type of study, such as clinical, statistical, or methodological heterogeneity, both systematic review and meta-analysis were removed from the top of the pyramid and adopted as a tool to analyze other study types, assisting in the application of the reported evidence (65–68). Due to the nature of the investigation, in this systematic review and meta-analysis, we evaluated observational studies that only allow us to infer the association between MIH and respiratory diseases, not allowing us to assume causality between the events.

Furthermore, it is important to consider that although this systematic review investigates the association between respiratory diseases and MIH, it is important to note that in many of these diseases, patients may be on antibiotic therapy. Another systematic review addressing the etiology of MIH, for example, found that 5 studies included in our selected papers reported information on antibiotic use. They mentioned that although Allazzam et al. (35) found an association between antibiotic use at any time in early childhood and MIH, Pitiphat et al. (31) discovered that this association was no longer significant after controlling for confounding factors. Whatling and Fearne (39) discovered a strong correlation with amoxicillin use. Moreover, when amoxicillin was combined with other antibiotics, Souza et al. (33) found a significant association, but only in rural areas, without examining the relationship with amoxicillin itself. Finally, Ghanim et al. (36) reported that the type of antibiotic had no association, but no additional information was provided. Nevertheless, the other eight studies included in our review stated that the study collected data on specific illnesses rather than the antibiotics used to treat them, or even made no mention of antibiotic therapy.

Therefore, for further elucidation of the results obtained in this study, more retrospective studies are needed to show the severity of the infection better, the use of medications during early childhood, and especially the stage of tooth formation that occurs when the child presents respiratory disease, this being the major limitation of this study.



Conclusion

In this systematic review, we observed that the included studies showed that children with MIH had more respiratory diseases than the group that did not have MIH. In the meta-analysis, only rhinitis had no statistical differences between the groups, and the other diseases analyzed showed higher frequency in the group with MIH. However, the studies did not show at what stage of dental formation the teeth were when these children contracted these diseases. They also presented a high heterogeneity among the included studies, and some showed flaws in their methodologies. Thus, retrospective studies that clarify the stage of tooth formation, use of medications, and severity of respiratory diseases are necessary to understand MIH's association with these respiratory diseases effectively.
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Results

Significant differences between groups were
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significantly associated with MIH.
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