
Investigation of Tissue Transglutaminase Antibody
Normalization in Response to Gluten-Free Diet in
Children with Celiac Disease
Mohsen Pour Ebrahimi1 Hosein Alimadadi1 Mehri Najafi1 Mohammad Vasei2 Parisa Rahmani1

1Pediatric Gastroenterology and Hepatology Research Center, Tehran
University of Medical Sciences, Tehran, Iran

2Cell Therapies Research Center, Digestive Disease Research
Institute, Tehran University of Medical Sciences, Shariati Hospital,
Tehran, Iran

J Child Sci 2021;11:e60–e64.

Address for correspondence Parisa Rahmani, Department of
Pediatrics, Tehran University of Medical Sciences, Tehran, Iran
(e-mail: md.p.rahmani@gmail.com).

Introduction

Celiac disease (CD), an immune-mediated systemic disorder,
is associated with several gluten-dependent clinical mani-
festations, CD-related antibodies, HLA-DQ2 or HLA- DQ8
haplotypes, and enteropathy.1,2 The immune-mediated re-
action to the gluten results in intestinal inflammation,
villous atrophy, and malabsorption. The prevalence of CD
among European countries is 1.5% and in the United states is
approximately 1% in the children below 5 years of age.3,4 The
symptomatic CD is presented by gastrointestinal anomalies,

growth impairment, other autoimmune disorders, osteopo-
rosis, and malignancies.5 In 1990, the diagnosis of CD was
proposed to be confirmed in the light of histological, sero-
logical, and clinicalfindings,without the need for gluten-free
diet (GFD),6 and repeated biopsies. The small-bowel mucus
villous atrophy and crypt hyperplasia are known histological
indications of CD. A study indicated that 22% of patientswere
asymptomatic despite the positive histologic evaluations for
villous atrophy.7 According to American Gastroenterological
Association (AGA), serological test for tissue transglutami-
nase-immunoglobulin A (TG2-IgA), and duodenal biopsy in
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Abstract A very limited amount of data are available regarding the follow-up of celiac disease
(CD) treatment in Iran. The aim of this study is to investigate antitissue trans-
glutaminase (atTG) normalization interval and the associated factors in CD patients.
This retrospective study included CD patients enrolled in Children’s Medical Center,
Tehran University of Medical Sciences. The initial atTG titer and histological evaluation
(with Marsh grade �2) were recorded. The atTG titer was assessed in each follow-up
until the time of normalization where children were strictly on gluten-free diet. The age
at the time of diagnosis, gender, Marsh grade at the time of diagnosis, other
comorbidities, and family history of CD patients were recorded to determine the
association of these factors with antibody normalization interval. In total, 71 patients
were recruited in the study of which 34 (47.89%) subjects had atTG level below 20 U/mL
at the average interval of 31.36 (� 2.89) months (95% confidence interval: 25.7–-
37.02). There was no significant difference between the antibody normalization
interval and different age ranges and Marsh grade. Cox regression demonstrated
that gender, age ranges, Marsh grade, positive family history of CD, and the presence of
comorbidities did not significantly predict longer antibody normalization interval.
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accordance with Marsh classification are the first two best
practices for the diagnosis of CD. However, combination of
TG2-IgAwith antiendomysial (EMA) IgA antibody provides a
very strong diagnostic accuracy.8 No simple and reliable test
has been reported to be associated with clinical activity and
GFD compliance.9,10 The guidelines suggest a serial antitis-
sue transglutaminase (atTG) evaluation to investigate the
response to the GFD.11,12 Previous studies suggest that the
undetectable titer of atTG-IgA is associated with mucosal
healing during the follow-up.13 For evaluating the atTG IgA,
enzyme-linked immunosorbent assay has an acceptable
sensitivity (90–98%) and specificity (95–97%) for CD.5,14,15

These antibodies have an important role in diagnosing the
newly presented cases with CD; however, their role for the
determination of the mucosal recovery is vague.14,16 The
positive predictive value for the EMA and TTG changes
according to the level of the antibodies17; where, higher
levels have higher positive predictor values. Additionally,
higher levels of antibodies are more sensitive and specific for
villous atrophy. The aim of this study is to investigate the
atTG normalization interval in CD patients and the associat-
ed factors as the predictor of the normalization interval.

Patients and Methods

This retrospective studywasperformedbetweenMarch2018
and September 2018 in Children’s Medical Center, Tehran
University of Medical Sciences, Tehran, Iran. All known cases
of CD, diagnosed at Children’s Medical center, were evaluat-
ed. The exclusion criteriawere defined as the presence of IgA
deficiency, less than three follow-ups for atTG titer, non-
adherence to GFD (verbal assessment), and diagnosis of CD
based on serology and not intestinal biopsy.The intestinal
biopsies were performed at a maximum interval of 1 month
following the abnormal serology. All biopsies were evaluated
by the pathologists who were uninformed about the anti-
body titer, and the specimens were assessed based on the
modified Marsh UEGW criteria.18,19 Enzyme-linked immu-
noassay was used to measure the atTG titer by using com-
mercial kit (Orgentec, Germany), where normal antibody
titer was defined less than 20 units per milliliter (U/mL).20

The initial atTG titer and histological evaluation (with Marsh
grade of at least 2) were recorded. The atTG titer was
assessed in each follow-up until the time of normalization.
At the time ofdiagnosis, these patients initiatedGFD. Age and
Marsh grade at the time of diagnosis, gender, other medical
anomalies, and family history of CD were recorded for each
subject to determine the association of these factors with
antibody normalization interval. This studywas approved by
the research ethics board of Tehran University of Medical
Sciences.

Statistical Analysis
The quantitative variables were expressed by mean and
standard deviation, and number and percentage were used
for the qualitative variable. The median time to at TG
normalization was calculated by Kaplan–Meier survival
analysis (50% patients having normalized results). Log-

rank test was used to assess the significance of Kaplan–
Meier survival analyses by determining the p-value. The
association between the predictor variables and the nor-
malization interval was determined by univariate regres-
sions and the Cox regression model that included the
independent variables, such as the age of diagnosis, gender,
other medical comorbidities, family history of CD, and
Marsh grade at time of diagnosis, to determine the associa-
tion of predictor factors and atTG antibody normalization
interval. A p-value <0.05 was considered statistically
significant.

Results

Of the total 556 patients with the high level of atTG, 137
patients were presented with the Marsh score �2 based on
the biopsy. Of the 137 patients, 66 subjects had less than
three follow-ups for atTG titer or did not adhere to GFD;
therefore, 71 patients were eligible to be recruited in the
study. In total, 42 (59.15%) of these patients were females,
with 25.56% of them with the age more than 10 years
(►Table 1). The histological study of the patients revealed
Marsh 2 lesion in 11 (15.94%) subjects and Marsh 3 lesion in
58 (84.06%) (►Table 1). In total, 18.3% of the patients in our
study had type 1 diabetes, 4 (5.64%) patients had a positive
family history of CD, 13 (18.31%) had type 1 diabetesmellitus
(DM), and 1 (1.41%) had hepatitis.

Table 1 Characteristics of the evaluated patients

Variable Number (%)

Gender

Female 42 (59.15)

Male 29 (40.85)

Age range (y)

< 4 12 (18.75)

4–6 12 (18.75)

6–8 15 (23.44)

8–10 8 (12.5)

> 10 17 (25.56)

Family history of CD

CD in father 1 (1.41)

CD in siblings 3 (4.23)

Concomitant medical problems

Hepatitis 1 (1.41)

Type 1 diabetes mellitus 13 (18.31)

Marsh lesions

2 11 (15.94)

3a 14 (20.29)

3b 28 (40.58)

3c 16 (23.19)

Abbreviation: CD, cognitive disability.
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Antitissue Transglutaminase Normalization Interval
In total, 34 (47.89%) subjects had atTG levels below 20 EU/mL,
with 31.36 (� 2.89) months average (95% confidence interval
[CI]: 25.7–37.02). The normalization interval for atTG among
femaleswas33.13 (�4.39)months andamongmaleswas29.9
(�3.84) months without any significant difference (p-
value¼0.7020; ►Fig. 1). There was no significant difference
between theantibodynormalization interval anddifferent age
ranges and Marsh grade, respectively (p-value¼0.5340–
0.0672; ►Table 2; ►Figs. 2 and 3). There was no significant
correlation between antibody normalization interval and a
positive family history of CD (p-value¼0.7726). The antibody
normalization interval did not differ significantly between the
diabetics (25.62�6.04months) and nondiabetics (31.29�2.4
months; p-value¼0.1736).

Independent Predictors of the Antitissue
Transglutaminase Normalization Interval
Cox regression demonstrated that gender (p-value¼0.84),
age ranges (p-value¼0.94), Marsh grade (p-value¼0.24),
positive family history of CD (p-value¼0.75), and presence
of other comorbidities (p-value¼0.43) did not predict longer
antibody normalization interval.

Discussion

In this study, the atTG levels were reported as greater or
lesser than 20 EU/mL and the exact titer was not determined
by the laboratory investigations; therefore, the association
between the antibody titers and atTG normalization interval
could not be verified. From the patient population, a great

Fig. 1 The Kaplan–Meier survival curve for females and males
(p-value¼ 0.7020).

Table 2 Antitissue transglutaminase normalization interval in different age ranges and different Marsh grade

Number of patients with normalized atTG Mean
(mo)

Standard deviation 95% CI p-Value

Lower bound Upper bound

Age range (y)

<4 4 21.21 3.55 14.25 28.18 0.5340

4–6 5 35.50 6.65 22.46 48.54

6–8 10 28.18 3.46 21.41 34.96

8–10 5 25.95 4.36 17.40 34.50

>10 7 31.49 7.08 17.61 45.37

Marsh lesion type

2 10 32.00 3.65 24.84 39.16 0.0672

3a 7 38.14 6.08 26.21 50.06

3b 11 32.02 4.53 23.15 40.90

3c 5 20.43 3.03 14.48 26.37

Abbreviations: atTG, antitissue transglutaminase; CI, confidence interval.

Fig. 2 The Kaplan–Meier survival curve for different age ranges
(p-value¼ 0.5340).
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number of patients did not show up for the follow-up
sessions. Based on the evaluations of the pathologists, a
remarkable portion of the intestinal specimens was subop-
timal to assess. They were small, fragmented, or poorly
oriented. Average normalization time was 31.36 months in
our study. Gidrewicz et al21 reported that the normalization
time among GFD compliant patients was 68.8�7.3 months,
whereas in a retrospective study by Isaac et al22 normaliza-
tion time was 407 days for all the patients and 364 days for
GFD compliant patients. Discrepancies in these findings can
be the result of sensitivity/specificity of diagnostic kit, strict
adherence of patients to GFD, and knowledge regarding GFD.

Patients with type 1 DM and CD have a higher atTG titer.22

These patients have a more complex dietary program and
consequently lower compliance.23,24 In 2003, Liu et al indi-
cated that the level of atTG fluctuated over time in DM 1 and
CD-susceptible patients. They indicated that the antibody
normalization was seen even with a gluten-containing diet
and recommended a higher threshold of the antibody titer
for diagnosis of CD.25 In our study, the mean atTG normali-
zation interval was less than nondiabetics, although it was
not statistically significant (25.62 vs. 31.29months). Parents’
awareness and greater diet control in diabetic patients could
be the cause of this finding.

Isaac et al reported the median time for normalization of
the atTG to be 407 days for 80.5% of patients and 364 days for
GFD patients.22 Hogen Esch et al reported that the cumula-
tive percent of the patients for whom atTG became normal at
6, 12, 18, and 24 months was 35, 55, 64, and 78%, respective-
ly.26 Current guidelines suggest serial atTG measurements
and the normalization could be reached within the
12 months following the GFD.11,12 The atTG normalization
interval in the current study was 31.36 (� 2.89) months,
which is higher than the previous studies. This is likely to
reflect poorer GFD control in these patients.

The gold standard treatment of CD includes GFD, avoiding
ingestion of food items that contain gluten. The goal of the

treatment is both improving the symptoms and avoiding com-
plications in the future. Avoiding gluten in the populationswith
gluten-rich diets is considerably difficult and it can affect the
quality of life of the patients. Based on the study of Fabiani and
Catassi, strict GFD results in declining of the atTG.27 Ciacci et al
found that the atTG level can indicate theGFDcompliance and is
associated with the presence and intensity of the intestinal
damage.28 The parents’ knowledge about the gluten-containing
food was considerably limited and they were not aware of the
importance of being on GFD, which could be the reason of
slower TTG normalization. The GFD compliance routinely was
assessed bygastroenterologists by themeans of verbal commu-
nication. It casts the light on the necessity of being referred to a
dietitian to evaluate the GFD compliance tightly; besides giving
practical recommendations about the foods containing gluten.

Conclusion

There was no association between Marsh score, age group,
and atTG normalization interval, respectively. None of these
factors could predict atTG normalization interval in this
study. However, studies comparing the normalization time
in GFD compliance group and noncompliance group can give
better conclusion.
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