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ABSTRACT 
Objective: To assess the relationship between celiac disease and the prevalence of dental caries in children 
and adolescents and also evaluate if dental enamel defects in celiac children predispose to dental caries. 
Material and Methods: Searches were performed in the following databases: PubMed, Scopus, Cochrane 
Library, Latin American and Caribbean Literature on Health Sciences, and OpenGrey. The risk of bias was 
assessed using the Newcastle-Ottawa Scale. DMFT/dmft and DMFS/dmfs data of observational studies that 
compared the prevalence of caries between children and adolescents with celiac disease and healthy 
individuals. Meta-analysis was performed using a random effects model. Heterogeneity between studies was 
estimated using Cochran’s Q test, and inconsistency was measured using I2 statistics. Results: Of the 121 
studies retrieved, 17 were selected, and 12 were included in the meta-analysis. The prevalence of caries in the 
primary dentition (dmft) did not differ between celiac patients and controls [SMD = -0.35; 95% CI (-0.83; 
0.13); p = 0,15; I2 = 89%]. There was also no difference in the prevalence of caries in permanent teeth (DMFT) 
between groups [SMD = -0.44; 95% CI (-1.02; 0.14); p = 0.14; I2 = 95%]. Conclusion: Celiac disease is not a 
determinant factor in the development of dental caries in children and adolescents compared to the control 
group. 
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Introduction 

Celiac disease is an autoimmune enteropathy that occurs in genetically susceptible individuals and is 

triggered by the ingestion of foods that contain gluten. It mainly affects the small intestine [1,2]. The disease 

results from an adaptive immune reaction that depends on the deamidation of gliadin molecules by tissue 

transglutaminase, which is the primary autoantigen of celiac disease. Deamidation increases the immunogenicity 

of gliadin, facilitating binding to HLA-DQ2 or HLA-DQ8 molecules on antigen-presenting cells. Antibodies 

against tissue transglutaminase, gliadin, and actin are produced and may contribute to extra-intestinal 

manifestations of celiac disease [1]. 

The estimated global prevalence of celiac disease is 1.4% based on positive test results for anti-tissue 

transglutaminase or anti-endomysial IgA antibodies and 0.7% in biopsy-confirmed cases. The disease is more 

prevalent among women (0.6%) than men (0.4%), and children (0.9%) are more affected than adults (0.5%) [3]. 

Individuals diagnosed with celiac disease exhibit a wide variety of signs and symptoms of the disease. 

Abdominal discomfort, including abdominal pain, bloating, and distention, were the most common symptoms 

reported by celiac disease patients in the study [4]. However, other manifestations such as chronic diarrhea, 

weight loss, iron deficiency with or without anemia, short stature, chronic fatigue, reduced bone mineral density, 

dermatitis herpetiformis, and gluten ataxia may also be observed, in addition to the asymptomatic form of the 

disease [5]. 

The most common oral manifestations of celiac disease reported in the literature are dental enamel 

defects, recurrent aphthous ulcers, dry mouth (xerostomia), angular cheilitis, and delayed tooth eruption [6-9]. 

However, comparing the prevalence of dental caries between patients with celiac disease and healthy individuals 

shows wide variation in the study results. Some studies indicate celiac disease as a factor predisposing to the 

development of dental caries [10,11], while others reported it to be a protective variable [12-14]. However, 

some studies did not find statistically significant differences between groups [7,15-17]. 

This study aimed to perform a systematic review and meta-analysis of observational studies regarding 

possible associations between celiac disease and dental caries in celiac patients and healthy controls. Following 

the PECO framework, the null hypothesis was that children and adolescents (patients) diagnosed with celiac 

disease (exposure) would have the exact prevalence of caries (outcome) as children without the disease 

(comparison). 

 

Material and Methods 

The research question of this systematic review was formulated according to the PECO framework 

[18]: “Does the prevalence of caries of patients with celiac disease differ from that of healthy individuals?” where 

P is children and adolescents diagnosed with celiac disease, E is the diagnosis of celiac disease, C are children 

and adolescent without a diagnosis of celiac disease, and O is the prevalence of caries measured by DMFT, 

DMFS, dmft, dmfs, and ICDAS. 

This study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement [19]. It was registered in the International Prospective Register of Systematic Reviews 

(PROSPERO) under registration number CRD42021243084 (supplementary material). Searches were 

performed in PubMed, Scopus, Cochrane Library, and OpenGrey. The systematic review was carried out in a 

Latin American country and used the LILACS (Latin American and Caribbean Literature on Health Sciences) 

database that accepts search terms in English, Portuguese, and Spanish; therefore, this database was included, 

using the following search terms in titles and abstracts (also in combination with MESH terms): “Child” OR 
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“Preschool” OR “Adolescent” AND “Celiac Disease” OR “Wheat Hypersensitivity” AND “Dental Caries” OR 

“DMF Index.” In addition, entry terms were added using the Boolean operators “AND” and “OR” to combine 

search terms, Supplementary Table 1. 

The search did not restrict language as long as it did not jeopardize the researchers' understanding after 

its translation to avoid data collection bias. No publication year restriction was applied, and the search was 

limited to human studies. The reference list of articles was hand-searched to optimize and broaden the search 

strategy. 

The following inclusion criteria were used for the selection of articles: (i) observational studies (cohort, 

cross-sectional, case-control) and clinical trials; (ii) children and adolescents with celiac disease (0 to 19 years); 

and (iii) diagnosis of caries. The exclusion criteria were: (i) literature reviews and case reports, (ii) study design 

not reported, and (iii) participants outside the age range (adults). 

Two authors independently selected the articles. First, duplicate articles were removed. The resulting 

titles and abstracts were then reassessed to remove unrelated articles according to the established inclusion and 

exclusion criteria. These steps were conducted using the Mendeley Desktop software. After preliminary 

screening, the full text of the articles was downloaded, and two authors evaluated their eligibility. The Kappa 

test was applied to determine the inter-examiner agreement and to define the articles included in the research. 

During this step, disagreements between the two reviewers were resolved by a third author. Finally, irrelevant 

articles were removed during the screening step according to the established criteria, and the remaining studies 

were selected for qualitative synthesis.  

The included studies were reviewed, and the following data were extracted: 1) name of first author; 2) 

year of publication; 3) sample size; 4) age of participants; 5) geographic location of study; 6) study design; 7) 

DMFT and dmft index (permanent and primary dentition); 8) diagnosis of celiac disease.  

The risk of bias in the studies was assessed using the Newcastle-Ottawa Scale NOS [20], which was 

adapted to cross-sectional studies [21]. The studies were assessed using six items, with a maximum score of 9 

stars. This analysis aimed to carefully investigate sample representativeness, group comparability, rater blinding, 

and appropriate statistical testing. For each item, two reviewers assigned scores corresponding to present or 

absent. Agreement between the two evaluators was evaluated using Cohen’s kappa index. The following results 

were obtained: selection criteria by representativeness of the sample (k = 0.638, moderate), sample size (k = 

1.000, almost perfect), ascertainment of exposure (k = 0.850, excellent), comparability based on design and 

analysis (k = 1.000, nearly perfect), assessment of outcome (k = 1.000, almost perfect), and statistical test (k = 

1.000, almost perfect). A kappa value higher than 0.600 indicates adequate agreement between two evaluators. 

The analysis was performed using the IBM SPSS Statistics freeware (version 22.0; IBM Corp., Armonk, NY, 

USA). 

For statistical analysis, the null hypothesis was that celiac disease does not interfere with the prevalence 

of dental caries. The alternative hypothesis was that celiac disease interferes with the prevalence of dental caries. 

The summary measure (dependent variable) was the prevalence of dental caries in the permanent and primary 

dentition, measured at the level of the tooth (DMFT/dmft). A diagnosis of celiac disease was the independent 

variable. 

To estimate the effect of celiac disease on the prevalence of dental caries in primary and permanent 

dentition, the standardized mean difference (SMD) and 95% confidence interval (CI) were calculated. 

Heterogeneity between studies was estimated using Cochran’s Q test [22]. Inconsistency was measured using 

I2 statistics [23]. Due to the high heterogeneity observed, a random effects model was used in both analyses 
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[22]. Sources of heterogeneity were explored based on publication bias (use of a funnel plot) when the variable 

had been evaluated in more than ten studies. All analyses were performed using the Review Manager® software 

(RevMan, 2014). 

 

Results 

Using the search strategy proposed for this systematic review, 121 articles were retrieved from the 

databases; 69 remained after duplicate removal. After screening the titles and abstracts, 43 articles were 

considered potentially eligible, and two evaluators read the full text - Cohen's Kappa K= 0.50 (moderate 

agreement) for selected articles. Four of the 17 articles included had conflicts and were resolved by a third 

reviewer. After analysis, 17 articles met all inclusion criteria and were selected for this systematic review. Twelve 

studies were included in the meta-analysis. Figure 1 illustrates the flow diagram of the article selection process. 

The articles are listed in the Supplementary Material (Table 2). Excluded articles and justification for exclusion 

are in Supplementary Material (Table 3). 

 

 
Figure 1. Flow diagram of the article selection process according to the PRISMA statement [19]. 

 

All articles were published in English. The studies were conducted in Turkey (n = 6), Brazil (n = 2), 

Italy (n = 2), Saudi Arabia (n = 1), Argentina (n = 1), Greece (n = 1), Spain (n = 1), England (n = 1), Iran (n = 

1), and Israel (n = 1). The year of publication ranged from 2005 to 2021. Most articles (n = 16) were cross-

sectional studies; one was longitudinal [17]. The sample size varied widely among studies; the largest sample 

was 208 participants in the study by Alsadat et al. [24], and the smallest sample was 38 children/adolescents by 

Farmakis et al. [25] (Supplementary Table 2). 
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Most participants were boys, and their ages ranged from 2 to 19 years. The primary, mixed, and permanent dentitions were analyzed. Biopsy was the primary method 

for confirming the histopathological diagnosis of celiac disease in 12 studies; of these, five studies [7,12,14,17,26] performed quantitative serological tests of anti-

transglutaminase IgA to rule out possible asymptomatic celiac disease in the group of healthy patients, reducing the risk of bias. The other studies used the self-reported 

absence of gastrointestinal symptoms obtained from the medical records as an inclusion criterion for healthy individuals in the control group (Supplementary Table 2). 

Except for the study that did not specify which index was used to assess dental caries [27], all other studies used the caries index recommended by the World Health 

Organization [28]: DMFT/dmft and its variation DMFS/dmfs, which corresponds to the total number of decayed, missed and filled teeth or surfaces. Table 1 shows variation 

among the 16 studied in terms of the evaluated dentition and the presentation of the results. Five articles were not included in the meta-analysis [7,13,15,17,27] because the 

results were not reported adequately due to their heterogeneity. 

 

Table 1. Synthesis of the main findings on caries in the primary and permanent dentition.  
Caries in the Permanent Dentition Caries in the Primary Dentition 

Authors Index Control Celiac Index Control Celiac 
  Mean±SD Mean±SD  Mean±SD Mean±SD 

Zoumpoulakis et al. [7] DMFT DMFS NR p=0.788  dmft dmfs NR  
Cantekin et al. [10] DMFT 1.83±1.78 3.75±2.62 dmft 4.56±2.87 3.25±3.25 
Biçak et al. [12] DMFT / DMFS 6.77±4.43 / 8.96±8.75 4.48±3.67 / 6.20±6.74 dmft / dmfs 2.33±2.83 / 4.08±5.59 2.88±1.99 / 5.76±5.19 
Acar et al. [13] DMFS 2.60±5.3 2.74±5.70 dmfs 2.60±5.3 2.74± .70 
Ortega Páez et al. [14]    dmft / dmfs 0.70±1 / 0.73±1.57 0.17±0.64 / 0.23±0.97 
Cruz et al. [15]  n=9 [untreated caries] n=12 [untreated caries]    
Bramanti et al. [16]** DMFT 2.41±1.63 2.52±3.22 dmft 1.86±1.98 1.07±1.63 
Mina et al. [17] DMFT Baseline: 52% DMFT=0 

18 months: 57% DMFT=0 
Baseline: 76% DMFT=0 

18 months: 87% DMFT=0 
dmft Baseline: 39% DMFT=0 

18 months: 57% DMFT=0 
Baseline: 35% DMFT=0 

18 months: 87% DMFT=0 
Alsadat et al. [24] DMFT 1.90±2.18 2.81±3.21 dmft 6.56±4.20 5.01±4.0 
Farmakis et al. [25] DMFT / DMFS 0.71±0.52 / 2.14±1.83 0.13±0.12 / 0.13±0.12 dmft / dmfs 3.43±1.03 / 8.00±3.02 0.50±0.31 / 0.76±0.38 
Shahraki et al. [26] DMFT 0.6±1.2 0.7±1.5 dmft 2.4±2.6 5.1±4.6 
Saraceno et al. [27] NR n=38 had caries (45%) n=38 had caries (45%)    
Shteyer et al. [29] Mean DMFT / 

dmft 
DMFT / dmft 
(mean 3.4±3.7) 

Recently diagnosed celiac: 
DMFT/dmft (mean 1.5±2.2) 
Celiac without gluten + 6 months: 
DMFT/dmft (mean 2.0±2.6) 

   

Bolgül et al. [30] DMFT 6.9±1.7 2.4± 1.3    
Avşar and Kalayci [34] DMFT 6.4±4.32* 6.1±4.28    
de Carvalho et al. [35] DMFT 3.90±5.2 2.11±3.2    
Dane and Gürbüz [36] DMFT 4.71±1.9 4.74±3.46 dmft 2.3±2.0 2.63±3 

*Mean of the group without gluten restriction; **Potential celiac patients (mean DMFT: 1.57±1.87; mean dmft: 1.60±2.67); NR = Not Reported. 
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Table 2 shows the quality assessment of the studies using the Newcastle-Ottawa Scale. Only one study obtained the maximum score, i.e., nine stars [12]. Only two 

studies performed sample size calculations [12,24]. In four studies, clinical examination was performed by one examiner who was blinded to the patient’s health condition 

[12,16,26,29]. Regarding the item comparability, age matching was established to score 1 star, and an additional star would be assigned to studies that used a serological 

test to rule out celiac disease in the control group. The Farmakis et al. [25] survey received the lowest score (3 stars), demonstrating low quality and a high risk of bias. 

These results are shown in Table 2. 

 

Table 2. Qualitative analysis of cross-sectional studies (modified Newcastle-Ottawa). 

#Maximum = 9 Stars; Selection: (1) (a) truly representative of the mean of the target population or (b) poorly representative of the mean of the target population (1 star), (c) selected group of users, (d) no description; 
(2) (a) justified and satisfactory (1 star), (b) not justified; (3) (a) biopsy diagnosis (2 stars), (b) no description of the diagnostic method (1 star); Comparability: (1) (a) study controlled for the most critical factor (age 
matching) (1 star), (b) study controlled for any additional factor (serological test for two groups) (2 stars); Outcome: (1) (a) independent blind assessment of dental caries or (b) record linkage (2 stars), (c) no description; 
(2) (a) the statistical test used to analyze the data is clearly described and appropriate, and the measurement of the association is present (1 star), (b) the statistical test is not appropriate, not described, or incomplete. 

 

 Study Design Selection Comparability Outcome Total# 
Authors  Representativeness 

of the Sample 
Sample Size Ascertainment of 

Exposure 
Based on Design 

and Analysis 
Assessment of 

Outcome 
Statistical 

Test 
 

Zoumpoulakis et al. [7] Cross-sectional ★ - ★★ ★★ - ★ 6 

Cantekin et al. [10] Cross-sectional ★ - ★ ★ - ★ 4 

Biçak et al. [12] Cross-sectional ★ ★ ★★ ★★ ★★ ★ 9 

Acar et al. [13] Cross-sectional ★ - ★★ ★ - ★ 5 

Ortega Páez et al. [14] Cross-sectional ★ - ★★ ★★ - ★ 6 

Cruz et al. [15] Cross-sectional ★ - ★★ ★ - ★ 5 

Bramanti et al. [16] Cross-sectional ★ - ★★ ★ ★★ ★ 7 

Mina et al. [17] Longitudinal ★ - ★★ ★ - ★ 5 

Alsadat et al. [24] Cross-sectional ★ ★ ★★ ★ - ★ 6 

Farmakis et al. [25] Cross-sectional - - ★ ★ - ★ 3 

Shahraki et al. [26] Cross-sectional ★ - ★★ ★ ★★ ★ 7 

Saraceno et al. [27] Cross-sectional ★ - ★ ★ - ★ 4 

Shteyer et al. [29] Cross-sectional ★ - ★★  ★★ ★ 6 

Bolgül et al. [30] Cross-sectional ★ - ★★ ★ - ★ 5 

Avşar and Kalayci [34] Cross-sectional ★ - ★★ ★ - ★ 5 

de Carvalho et al. [35] Cross-sectional ★ - ★ ★ - ★ 4 

Dane and Gürbüz [36] Cross-sectional ★ - ★★ ★ - ★ 5 
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Twelve of the 17 studies evaluated in the qualitative analysis were included in the meta-analysis, 

totaling 1,164 participants (565 celiac patients and 579 controls). Studies that did not provide information on 

caries based on the DMFT and dmft index were excluded from the meta-analysis [7,15,17,27]. 

The prevalence of caries in primary teeth (dmft) was evaluated in nine studies. Meta-analysis showed 

no differences in the dmft index between celiac patients and healthy controls [SMD = -0.35; 95% CI (-0.83; 0.13); 

p = 0.15; I2 = 89%] (Figure 2a). Twelve studies evaluated the prevalence of caries in permanent teeth (DMFT). 

Similarly, there were no differences in the DMFT index between the celiac and control groups [SMD = -0.44; 

95% CI (-1.02; 0.14); p = 0.14; I2 = 95%] (Figure 2b). 

 

 
Figure 2. Prevalence of caries in the primary and permanent dentition. 

 

Given the high heterogeneity (95%) and considering that more than ten studies were included in the 

DMFT meta-analysis, the publication bias risk was assessed. The funnel plot suggested the presence of 

publication bias (Figure 3). 

 

 
Figure 3. Risk of bias assessment. 
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Therefore, the study with the most significant effect magnitude [30] was removed from the meta-

analysis, and the data were reanalyzed to explore changes in SMD and heterogeneity. The new analysis revealed 

a reduction in heterogeneity but no change in effect. Thus, the null hypothesis that there is no difference in the 

prevalence of caries in permanent teeth between celiac patients and healthy controls was maintained [SMD = -

0.15; 95% CI (-0.42; 0.13); p = 0.30; I2 = 75%] (Figure 4). 

 

 
Figure 4. Analysis of sensitivity. 

 

Discussion 

Celiac disease is an autoimmune disease that affects the small intestine, triggered by consuming gluten-

containing foods. The symptoms are variable and manifest themselves from the classic form of the disease with 

abdominal pain and diarrhea to extraintestinal manifestations on the skin or asymptomatic presentation [37]. 

The most common oral findings in celiac patients are dental enamel defects, which range from white 

spots to the loss of tooth structure [6-9]. These alterations in tooth structure and composition are caused by an 

increase in enamel porosity as a result of high carbonate concentrations, and they may represent a risk factor for 

the development and progression of dental caries since hypomineralized dental enamel is less resistant to acids 

during the demineralization process. In addition, the post-eruption loss of tooth structure, which usually occurs 

in these teeth, serves as a niche for accumulating dental biofilm [31]. 

Because of this observation about the alteration in the dental structure of celiac individuals, a deeper 

investigation is necessary on whether they have a greater predisposition to the development of dental caries since 

the findings in the literature are divergent. 

Dental caries is a multifactorial disease, dependent on sugar consumption, the presence of dental biofilm, 

and a niche for its accumulation, as well as the length of time this biofilm remains in contact with the tooth 

surface [33]. Patients with celiac disease have a medical recommendation to control symptoms: a gluten-free 

diet. The gluten is present in highly cariogenic foods, such as cakes and cookies. So, in the face of this dietary 

restriction, the following question arises: Would a gluten-free diet and, consequently, low access to cariogenic 

foods be a protective factor against dental caries in celiac disease patients? 

This systematic review included 1,706 participants; 844 were diagnosed with celiac disease and were 

residents of three continents (America, Asia, and Europe) in 10 different countries. 

Although this review includes studies of patients with dental enamel defects who have dental caries, no 

significant differences were observed in the health-disease process compared to healthy individuals, 

corroborating literature findings that caries is a multifactorial disease that also depends on the patient’s 

educational and socioeconomic level as well as on food quality [32], in addition to being a biofilm-mediated, diet-
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modulated, multifactorial, non-transmissible and dynamic disease that results in the net loss of minerals from 

hard tissues [33]. 

Some of the selected studies in this review [12,25,30] found a lower DMFT/dmft index in patients with 

celiac disease. This finding might be explained by the gluten restriction for managing celiac disease, eliminating 

the frequent consumption of highly cariogenic foods commonly made with added sugar. To reduce this diet 

heterogeneity in sugar intake, two studies [12,16] excluded patients with celiac disease who had consumed a 

gluten-free diet for more than one year. In the study by Bramanti et al. [16], there was no statistical difference 

between the groups, and in the study by Biçak et al. [12], the group of people with celiac disease had a DMFT/S 

statistically lower than the control group. 

The mechanical control of biofilm through brushing is an effective way to prevent and control caries. 

When Acar et al. [13] and Avşar and Kalayci [34] observed the frequency of toothbrushing in both groups and 

observed similarities. In the first study, there was no significant difference in the presence of dental caries 

between groups. At the same time, Avşar and Kalayci [34] found a significantly smaller number of caries-free 

individuals in the celiac disease group. However, in the study by Alsadat et al. [24], the number of 

children/adolescents who brushed their teeth was significantly higher in the group with celiac disease. This 

finding possibly contributed to a considerably lower caries experience in the group of celiac patients. 

The European Society of Gastropediatrics [38] recommends that in children with suspected CD, the 

diagnosis can be made without the need for an intestinal biopsy through the serological test IgA and total IgA 

for transglutaminase 2 with a result ten times greater than the limit considered normal and subsequent testing 

for positive endomysial antibodies (EMA-IgA). To avoid false positive results, an intestinal biopsy is 

recommended for children with positive IgA antibodies but less than ten times the average value. Of the studies 

selected for qualitative analysis, four did not report which test was used to diagnose celiac patients [10,25,27,35]. 

The others used intestinal biopsy as one of the diagnostic tests. 

The meta-analysis did not refute the null hypothesis, and the factor of celiac disease did not influence 

the development of dental caries. This result was observed for both primary and permanent dentition. The 

present meta-analysis revealed the absence of a significant difference in the prevalence of caries between children 

and adolescents with celiac disease and healthy controls. However, this finding must be interpreted with caution 

since, in some of the selected studies [10,13,16,25,26,29,34,35], the control group was recruited among children 

and adolescents who sought dental clinics either for restorative treatment or prevention/maintenance and may, 

therefore, have a large number of caries lesions. This fact would contribute to a high DMFT/dmft index that is 

not consistent with the reality of the general population and would alter the comparison between groups, which 

is a limitation of the present study. 

In some studies, the DMFT grouped primary and permanent teeth in the mixed dentition according to 

the more significant number of teeth of the adolescent by World Health Organization criteria [15,27,30,34,35]. 

Another limitation of our study was the heterogeneity in sample size, participant age, ethnicity, and quality of 

the studies; hence, the results must be interpreted cautiously. Therefore, it is necessary to conduct new studies 

involving non-institutionalized groups of the local community as a control to reduce possible sample selection 

bias. 

 

Conclusion 

The present meta-analysis revealed no significant differences in the prevalence of dental caries in the 

primary or permanent dentition between children and adolescents with celiac disease and healthy individuals. 
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This finding suggests that caries is much more related to diet and oral hygiene habits as determinants of the 

health-disease process than to the susceptibility of celiac patients to enamel defects. 
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