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Background: The relationship between celiac disease and developmental
enamel defects is complex and multifaceted. Although the presence of
enamel changes in individuals with celiac disease is well documented, the
exact etiology of these changes remains unclear. This study aims to investigate
whether the enamel defects observed in children with celiac disease are due
to malabsorption-related deficiencies or are a direct consequence of the
autoimmune nature of celiac disease, thus informing the development of
effective preventive strategies.

Materials and methods: This case-control clinical study included 150 children
aged 3-18 years who were followed with a diagnosis of celiac disease, and
151 healthy controls with negative celiac serology, all evaluated at the Pediatric
Gastroenterology Clinic between September 2023 and January 2025. The
diagnosis of molar-incisor hypomineralization (MIH) was made based on the
clinical criteria established by the European Academy of Paediatric Dentistry.
Results: Celiac disease diagnosis was confirmed through positive tissue
transglutaminase IgA and anti-endomysial IgA antibodies, along with
histopathological findings from upper gastrointestinal endoscopy. Among the
celiac patients, 36.6% were newly diagnosed, 37.3% were compliant with a
gluten-free diet, and 27% were non-compliant. Molar-incisor hypomineralization
(MIH) was observed in 20.7% of the children with celiac disease, compared to
6% in the healthy control group. The likelihood of MIH occurrence in children
with celiac disease was found to be 8.97 times greater than in healthy controls.
MIH was most prevalent among newly diagnosed and non-compliant children
with celiac disease, who also exhibited significantly lower vitamin D levels and
elevated tissue transglutaminase values. However, there was no significant
correlation between MIH prevalence and Marsh classification of intestinal damage.
Conclusion: MIH serves as a critical indicator of celiac disease, emphasizing the
need for vigilant monitoring of vitamin D levels and dietary adherence to
mitigate the development of MIH in affected individuals.
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Introduction

Celiac Disease (CD) is an autoimmune disease that occurs in
genetically predisposed individuals after exposure to gluten for at
least 6-8 months. As a result of this autoimmunity, the
absorption of essential nutrients is impaired by causing
histopathological damage to the small intestinal mucosa, leading
to malabsorption with crypt hyperplasia, villous atrophy and
inflammatory infiltration in the adjacent connective tissue, and
this condition manifests clinically as diarrhoea, weight loss,
fatigue, anaemia and growth retardation in children. Celiac
disease is a multisystem disease. In addition to the intestines, it
also affects other systems such as the heart, brain, skeleton,
reproductive system, hormonal system, oral mucosa, skin and
tooth enamel. Diagnosis is usually made by serological testing for
specific antibodies such as anti-tissue transglutaminase and anti-
endomysial antibodies, followed by a confirmatory intestinal
biopsy. The basis of management is a strict lifelong gluten-free
diet, which can lead to improvement of symptoms, normalisation
of antibody levels and healing of the intestinal mucosa (1).

The effects of celiac disease on dental health were first observed
systematically in the 1970s. Studies have gradually increased after
the 2000s and Developmental Enamel Defects (DDE)s have
started to be defined. Enamel defects such as pitting, grooving
and discolouration have been reported in individuals with CD
and have been identified as potential oral markers for this
condition (2-4). Factors contributing to DDE’s include immune
dysregulation, nutritional disorders and genetic factors (5).

Developmental defects of enamel (DDEs) are encountered
daily in clinical practice. Epidemiological data reflecting an
increasing trend of this condition, with DDE prevalence in
permanent dentition ranging from 10% to 49%, should be
considered a public health problem and a challenge for dental
practitioners (6).DDE can have a significant impact on oral
health and aesthetics, tooth sensitivity and altered occlusal
function (7, 8). Enamel defects are also risk conditions for dental
caries and erosion in children (9, 10).

A 2015 study analysed 39 teeth from 30 children aged 13-19
using a calibrated reflectance spectrophotometer. The clinical
visibility of enamel developmental defects (DDEs) is closely
related to their location and optical integration with the
surrounding enamel. Defects in the incisal area are more
noticeable due to greater contrast in optical properties, while
those in the cervical region are less perceptible. Loss of surface
gloss and the presence of demarcated opacities can obscure
tertiary anatomical features. Spectrophotometric  analysis
objectively quantifies these differences using CIE L*, a*, and b*
values. Greater divergence from the optical properties of healthy
enamel increases defect visibility, highlighting the importance of
both localization and color contrast in clinical assessment (11).

The most commonly affected teeth are considered to be incisors
and molars (5). In a meta-analysis published in 2018, a high
prevalence of developmental enamel defects (DDE) was reported
among individuals with celiac disease. Notably, a significant
correlation was found specifically in patients undergoing primary
dentition (12). Other differential diagnoses of DDE include enamel
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hypoplasia, fluorosis, amelogenesis imperfecta and localised
trauma/infection (13, 14). Several studies have shown a high
incidence of DDE in children with celiac disease, suggesting a
correlation with the extent of intestinal lesions (13).

Molar incisor hypomineralization (MIH) is classified within
the broader category of Developmental Defects of Enamel (DDE)
and is recognized as a distinct dental phenotype with a potential
association to systemic disorders such as celiac disease.

Mazur et al. reviewed the relationship between early life nutrition
and the development of molar incisor hypomineralization (MIH),
emphasizing that nutritional factors during pregnancy and early
childhood may affect the risk of MIH, and drawing attention to
appropriate maternal and infant nutrition. In addition, the study
emphasizes that systemic diseases such as celiac disease may be
involved in the etiology of MIH by causing nutritional deficiencies
(such as calcium, vitamin D, and other minerals) that impair
enamel mineralization and potentially contribute to the formation
of MIH, and emphasizes the need for awareness and further
research (15).

Recent systematic reviews and meta-analyses have demonstrated
that children with Molar-Incisor Hypomineralization (MIH) are at a
higher risk of developing dental caries compared to unaffected peers.
The compromised enamel in MIH-affected teeth facilitates bacterial
invasion and acid demineralization, leading to increased caries
prevalence. This underscores the importance of early detection and
targeted preventive interventions for children with MIH to mitigate
their elevated caries risk (16).

The mechanisms underlying the formation of developmental
enamel defects are hypothesized to involve hypocalcemia
consequent to celiac disease, genetic predispositions such as specific
HLA alleles, or autoimmune reactions (e.g, anti-amelogenin
antibodies or IFN-y/Stat-1 mediated effects) occurring during
odontogenesis; however, the relationship remains debated and the
precise triggers are not yet fully understood (17-20).

Studies suggested that gluten had a direct effect on enamel
development and implied consequences for the mineralization
process (21). The relationship between celiac disease and
developmental enamel defects was complex and multifaceted.
While the presence of enamel alterations in individuals with
celiac disease was a well-documented fact, the exact etiology of
these changes remained unclear (5, 12, 20, 21). This study aims
to investigate whether the enamel defects observed in children
with celiac disease result from malabsorption-related deficiencies
of calcium, phosphorus, and vitamin D, or if they arise due to
itself. ~ Such

understanding of the

the autoimmune nature of celiac disease

investigations could enhance our

detrimental effects of celiac disease on dental health and
contribute to the development of effective preventative strategies.
Materials and methods

Study design

This single-center, non-blinded, prospective case-control study
was conducted at the Pediatric Gastroenterology Clinic of Ankara
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Etlik City Hospital, University of Health Sciences, between
September 2023 and January 2025.

Participants

A total of 150 children aged 3-18 years with celiac disease (CD)
were included. Participants were either newly diagnosed or
previously diagnosed based on positive tissue transglutaminase
IgA and anti-endomysial IgA antibody tests, confirmed by small
intestinal biopsy findings in accordance with the Marsh-
Oberhuber (low
probability of CD), Marsh 2: Hyperplastic lesions (possible CD),
Marsh 3: Destructive lesions (indicative of active, untreated CD).

classification:Marsh  1: Normal mucosa

CD patients were categorized into three subgroups:

o Newly diagnosed
o Diet-compliant (adhering to a gluten-free diet)
 Diet-noncompliant (not adhering to a gluten-free diet)

The control group comprised 151 healthy children matched for age
and sex, who presented to the general pediatric outpatient clinic for
routine well-child checkups or non-inflammatory conditions such
irritable bowel functional

as constipation, syndrome, or

abdominal pain. All control subjects had negative celiac serology.

Sample size and power analysis

Sample size determination was conducted using G*Power
version 3.1.9.7. For comparisons between the CD group (n = 150)
and the control group (n=151), a two-tailed independent
samples t-test was assumed. With an expected medium effect size
(Cohen’s d=0.5), a=0.05, the post hoc power analysis showed a
statistical power of 98.9%, indicating adequate power to detect
medium differences.

A second post hoc analysis was performed for comparisons
among the three CD subgroups using one-way ANOVA. Assuming
a medium effect size (Cohen’s f=0.25), a=0.05, and a total of 150
participants, the achieved power was 86.2%, indicating sufficient
sensitivity to detect moderate subgroup differences.

Exclusion criteria

The following exclusion criteria were applied:

Presence of dental fluorosis
Undergoing fixed orthodontic treatment

Developmental Enamel Defects (DDEs) attributed to systemic
conditions other than CD, including:

Respiratory disorders

Early childhood infectious diseases

Type 1 Diabetes

Genetic syndromes (e.g., Down syndrome, Turner syndrome)
History of premature birth

Use of any medications at the time of clinical assessment
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Oral and laboratory examinations

All participants underwent an oral examination by a single
calibrated pediatric dentist. Examinations were conducted with a
mouth mirror and blunt dental probe under artificial lighting in
the Pedodontics Clinic, with the patient seated in a dental chair.

The diagnosis of Molar Incisor Hypomineralization (MIH)
followed the European Academy of Paediatric Dentistry (EAPD)
criteria (6). MIH was recorded when at least one first permanent
molar displayed one or more of the following:

Demarcated opacities

Atypical restorations

Post-eruptive enamel breakdown (PEB)
Extraction due to MIH-related complications

Laboratory data including serum calcium, phosphorus,
magnesium, vitamin D, and parathyroid hormone (PTH) levels

were obtained from routine follow-up records.

Statistical analysis

All statistical analyses were conducted using IBM SPSS Statistics
version 23.0.Descriptive data were presented as mean + standard
deviation, median (interquartile range), or frequency (percentage)
as appropriate.Comparisons were made using:Chi-square test or
Fisher’s exact test for categorical variables, Student’s t-test or
Mann-Whitney U test for continuous variables,For comparisons
across Marsh types, the Kruskal-Wallis test was applied. A
P-value < 0.05 was considered statistically significant.

Ethical considerations

This study was approved by the Ethics Committee of Etlik City
Hospital, Ankara (Approval No: AESH-EK1-2023-363, Date: 09/06/
2023). The study was conducted in accordance with the principles
outlined in the Declaration of Helsinki and its amendments.
Informed written consent was obtained from all participants and/
or their legal guardians prior to inclusion in the study.

Results
Demographic data

The mean age of 150 (102 girls/48 boys) patients in the celiac
patient group was 9.76 £ 4.03 years (range 3-18 years); the mean
age of 151 (78 girls/73 boys) patients in the control group was
11.59 +3.93 years. There was a significant difference between the
two groups in terms of gender. (p <0.05).

The rate of MIH in children with celiac disease was 20.7%,
while this rate was 6% in the healthy control group (<0.001)
(Table 1). In addition, our study found that celiac disease
increased the probability of MIH by 8.9 times (95% Confidence
Interval 8.976 +1.882).
permanent and primary teeth was more pronounced in the

The location of enamel defects in
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TABLE 1 MIH positivity rates in children with celiac disease group and
control group.

Children with celiac

Control group
(n=151) n (%)

disease group
(n=150) n (%)
31 (20.7%)
119 (79.3%)

MIH (+)
| MIH(-)

9 (6.0%)
142 (94.0%)

<0.001

TABLE 2 Laboratory findings in children with celiac disease group and
control group.

Children with Control
celiac disease group
group (n=151)

(n=150) n (%) n (%)
Vitamin D 17.82+7.72 19.23 +6.60 0.024**
(20-40 ng/ml)
Calcium 9.47 +1.02 10.41 +7.69 0217
(8.8-10.8 mg/dl)
Phosphorus 4.68+0.83 4.56 + 80.75 0.804
(4.5-5.5 mg/dl)
Magnesium 2.52+332 251+0.31 0.529
(1.6-2.6 mg/dl)
Parathyroid hormone 45,56 + 67.31 3499 +12.8 0.035
(11.3-60 pg/ml)

Data are presented as mean + standard deviation (SD). Comparisons between groups were
performed using the independent samples t-test. A p-value of <0.05 was considered
statistically significant. Statistically significant values are indicated in bold (**).

anterior teeth, and the coronal distribution included the incisors
and the central parts of the teeth.

There was a significant difference between the children with
celiac disease group and the control group in terms of the mean
magnesium, parathyroid hormone and vitamin D levels
measured in routine controls of all these patients (Table 2).

In the celiac patient group, there were 55 patients diagnosed for
the first time (36.7%), 56 patients compliant with the diet for the
last year (37.3%) and 39 patients not compliant with the diet for
the last year (26%). The MIH incidence rates of these patients,
the mean tissue TGA levels, calcium, phosphorus, magnesium,
parathyroid hormone and vitamin D levels measured in routine

controls are given in Table 3.

10.3389/fped.2025.1603751

Vitamin D levels were significantly lower in the diet-adherent cases
than in the other two groups. Vitamin D levels were significantly lower
in patients with MIH than in those without. At the same time, tissue
transglutaminase (tTG IgA) levels were significantly higher in
patients with MIH than in those without (Table 4).

According to the Marsh Classification, which is the
Pathological Classification of Children with celiac disease, no
statistical difference was found between the rates of MIH (Table 5).

Table 5 shows that while the MIH rate was higher in type 3c
(Marsh classification), the statistically
significant (p > 0.05).

difference was not

Discussion

Molar incisor hypomineralization (MIH) is a significant health
problem that can affect the child’s quality of life by negatively
affecting their esthetics and function.

Regarding aetiology, perinatal hypoxia, prematurity and other
hypoxia related perinatal problems, including caesarean section,
appear to increase the risk of having MIH, while certain infant
and childhood illnesses are also linked with MIH (22). In
addition, genetic predisposition and the role of epigenetic
influences are becoming clearer following twin studies and
genome and single-nucleotide polymorphisms analyses in
patients and families. Missing genetic information might be the
final key to truly understand MIH aetiology (22).

In recent years, the worldwide prevalence of MIH has been
reported to be between 2.9% and 44% (23, 24). In our study, the
prevalence of MIH in the healthy control group was 6%.

The prevalence of celiac disease has been increasing in recent
years (25). Therefore, many clinical manifestations of celiac
disease are becoming more prominent. The prevalence of MIH
was 61% in Cigdem Elbek-Cubuk¢u’s study (26), 66.9% in
Ahmed A’s study (14), 42.2% in Avsar and Kalaycr’s (27), 40% in
Acar et al. (28), reported a higher prevalence of enamel defects
in children with CD than in controls; and respectively. Kuklik’s

study (29) also aimed to analyse the incidence of MIH in

TABLE 3 Comparison of diet compliance with laboratory parameters and tissue TGA and MIH presence in children with celiac disease group.

Children with celiac New Diet compliant Diet noncompliant

disease group (n =150) diagnosis (n = 55) (n=56) (n=39)

Vitamin D 18.76 + 8.47 18.72+6.78 15.20 +7.47 0.046*
(20-40 ng/ml)

Calcium 9.64 +0.46 9.37 + 1.46 9.37+0.78 0.070
(8.8-10.8 mg/dl)

Phosphorus 4.90£0.67 4.06+0.82 4.48+0.99 0.151
(4.5-5.5 mg/dl)

Magnesium 229+1.16 3.17 541 1.99+0.37 0.052
(1.6-2.6 mg/dl)

Parathyroid hormone 40.48 +20.74 47.94 +101.28 49.29 +51.34 0.240
(11.3-60 pg/ml)

tTG IgA (IU/ml)* 135.41 £ 75.99 13.64 £ 40.06 81.17 + 74.87 <0.001**
MIH(n = 31) 17 6 8 0.029**

Data are presented as mean + standard deviation (SD). Group comparisons were performed using one-way ANOVA for continuous variables and chi-square test for categorical variables (e.g.,
MIH prevalence). A p-value <0.05 was considered statistically significant. Statistically significant values are indicated in bold (**).
Vitamin D and tissue transglutaminase levels were significantly different in patients with MIH (+).

“Tissue transglutaminase(tTG IgA) (IU/ml): negative <12, border = 12-18, positve >18.
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TABLE 4 Comparison of calcium metabolism parameters between celiac
children with and without MIH.

CD with MIH | CD without

Vitamin D 13.75+6.97 17.84 +7.66 0.008**
(20-40 ng/ml)

Calcium 9.57 £0.55 9.44+1.11 0.070
(8.8-10.8 mg/dl)

Phosphorus 4.79+0.58 4.66 +0.88 0.541
(4.5-5.5 mg/dl)

Magnesium 2.32+1.56 2.58 +3.67 0.978
(1.6-2.6 mg/dl)

Parathyroid hormone 4291 +32.59 46.29 +74.15 0.905
(11.3-60 pg/ml)

tTG IgA (IU/ml)* 114.80 + 85.77 65.70 +£79.51 0.006**

CD, celiac disease; MIH, molar incisor hypomineralization; tTG IgA, tissue transglutaminase
IgA. Data are presented as mean + standard deviation (SD). Comparisons were made using
the independent samples t-test. A p-value <0.05 was considered statistically significant.
Statistically significant values are shown in bold (**).

“Tissue transglutaminase(tTG IgA) (IU/ml): negative <12, border = 12-18, positve >18.

patients with CD compared with the CG. Among participants with
CD, 20 percent had MIH, while among those without the disease,
only 5 percent showed the condition. This difference was
statistically significant (p=0.044), indicating an association
between CD and the occurrence of MIH. Most of the defects in
patients with CD consisted of demarcated opacities. In our study,
similar to this study, 20% of the participants with CD had MIH,
whereas only 6% of those without CD had MIH. Kuklik et al.
reported that the probability of MIH in children with CD is 4.75
times Ahmed A. et al. 8.1 times; higher than in controls (14, 29).
In our study, we found that the probability of MIH in children
with celiac disease is 8.97 times higher than in healthy controls.
According to our findings, the rate of MIH was found to be
20.7% in the celiac patient group.

A predominance of female participants in children with celiac
disease group resulted in a significant sex distribution difference
between the patient and control groups. This observation aligns
with the findings of a comprehensive systematic review and meta-
analysis by Jansson-Knodell et al, which demonstrated a 42%
increased risk of undiagnosed celiac disease in females compared
to males, potentially reflecting underlying immunological and
hormonal factors as well as differences in healthcare utilization (30).

When the nutritional values of the celiac and control groups were
compared, statistically significant lower values were observed in
vitamin D and parathormone levels in the celiac group (Table 2).
This was expected in our patient group which is a mixed group in
terms of dietary compliance (31). Vitamin D levels were lower in
paediatric patients with CD compared with healthy controls (32).

When we compared the nutritional values within the celiac group
to better evaluate the low nutritional values in children with celiac

10.3389/fped.2025.1603751

disease, we observed that vitamin D was statistically significantly
lower especially in diet-incompliant patients. In addition, the rate
of MIH was higher in diet-incompliant patients 8/39 (20%) and in
newly diagnosed patients 17/55 (30.9%) compared to diet-
compliant patients 8/56 (14.2%). Poor intestinal absorption of
some nutrients due to celiac disease is thought to cause enamel
defects (32). In a 2017 study, it was observed that there was a
significant relationship between the age of starting gluten-free diet
and Molar Incisor Hypommineralisation (MIH) in children with
celiac disease (5). With respect to MIH, results are conflicting (5).
In a German study, a positive relationship between lower vitamin
D (25(OH)D) levels and increased prevalence of MIH was
determined (33); however, van der Tas and colleagues reported no
link between vitamin D levels at 6 years of age with MIH or
hypomineralized second primary molars(HSPM) in Dutch children
(34). In a recent study, a link with higher levels of vitamin D and
HSPM was reported; however, the authors stated that caution
should be taken when interpreting the results as they could be
influenced by unknown confounding factors (29). Furthermore, a
10 nmol/L increase in serum 25(OH)D concentrations was
significantly associated with a lower likelihood of having MIH
(OR=0.89; P=0.006). Moreover, higher 25(OH)D values were
associated with fewer caries-affected permanent teeth (29).

The findings of Nerrisgaard et al.’s randomized clinical trial
provide compelling evidence for the modulatory role of prenatal
high-dose vitamin D supplementation in reducing the incidence
of enamel defects, including Molar Incisor Hypomineralization
(MIH), in offspring (35). Given the pivotal function of vitamin
D in calcium homeostasis and amelogenesis, their results suggest
that adequate maternal vitamin D status during critical periods
of tooth development may mitigate hypomineralization processes
(35). This aligns with the hypothesis that nutritional and
metabolic factors during gestation exert a significant influence on
enamel quality, potentially modulating susceptibility to MIH
(35). Consequently, these findings underscore the importance of
optimizing prenatal vitamin D levels as a preventive strategy
defects,
investigation into the mechanistic pathways linking vitamin

against developmental enamel warranting  further
D metabolism and enamel biomineralization (35).

In our study, when the nutritional parameters of children with
celiac disease with MIH were compared with those without MIH,
low vitamin D levels as well as high tissue transglutaminase
A levels were statistically significant. There was no study in the
literature on this subject with a sufficient number of patients. In
our study, the significant elevation of Tissue Transglutaminase
A in MIH positive patients and the fact that the majority of
MIH positive patients were newly diagnosed patients and non-

compliant to diet indicate an increase in autoinflammation.

TABLE 5 Comparison of MIH patients with the Marsh classification for Celiac Disease.

Marsh 2 (n =51) | Marsh 3a (n = 35) | Marsh 3b (n=38) Marsh 3c (n =26) Total (n =150)

Patients of MIH n (%)
Patients without MIH(=) n (%)

9(%21.4)
42(%78.6)

5(%16.6)
30(%83.4)

MIH, molar incisor Hypomineralization.
Data are presented as number of patients and column percentage (%).
Statistical analysis was performed using the chi-square test.
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8(%26.6)
30(%73.4)

9(%52.9)
17(%47.1)

31(%20.6)
119(%79.4)

0.240
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Especially proinflammatory cytokines,

abnormalities and mostly nuclear factor B receptor activator/

parathyroid function

nuclear factor B receptor activator-ligand/osteoprotegerin system
disorders are thought to cause bone damage (36, 37).

Our results showed that there was no significant correlation
between the MIH variable and Marsh types in children with
celiac disease. Although the incidence of MIH is high in Marsh
type 3c, no statistically significant difference was observed
(Table 5). In another study conducted in our country including
62 children with celiac disease, there was also no significant
correlation between MIH and Marsh classification. Only in
children with Marsh 2 scores, a higher number of dental careers
in permanent teeth was reported (26).

Conclusion

Our study is one of the studies with the highest number of cases in
the literature. Celiac disease increases the incidence of MIH 8.9 times.
In our study, the incidence of MIH was 6% in healthy children and
20.7%
D deficiency was low in all children with celiac disease, especially in

in children diagnosed with celiac disease. Vitamin
diet non-compliant patients, but it was significantly low in children
with celiac disease with MIH. These findings suggest that vitamin
D deficiency due to malabsorption and unstoppable inflammation
are important in the pathogenesis of MIH in celiac disease. MIH is
an important indicator of celiac disease and attention should be paid
to vitamin D levels and dietary compliance to prevent the
development of MIH in patients with celiac disease.
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