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ABSTRACT 

Objectives: To identify possible serum biomarkers predicting  celiac disease (CD) onset in children at risk.  

Study design: A subgroup from an ongoing, international prospective study of children at risk of CD were 

classified according to an early trajectory of a deamidated gliadin peptide (DGPs) IgG and clinical outcomes 

(CD, potential CD and CD autoimmunity).   

Results:  Thirty-eight of 325 children developed anti-tissue transglutaminase IgA antibody (anti-tTG IgA) 

seroconversion. Twenty-eight out of 38 children (73.6%) showed an increase in aDGPs IgG before their first 

anti-tTG IgA seroconversion.  

Conclusions: aDGPs IgG can represent an early pre-clinical biomarker predicting CD onset in children at risk. 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

INTRODUCTION 

Total IgA and anti-tissue transglutaminase IgA (anti-tTG IgA) are widely recommended as initial 

screening tests for celiac disease (CD) 1,2. However, the use of  anti-deamidated gliadin peptide IgG 

(aDGPs IgG) for CD screening has been debated . Some studies suggest that aDGPs IgG are better 

for screening children under age 2 3,4, while other studies have found no added benefit 5,6.  

Through a supplementary study within the Celiac Disease Genomic Environmental Microbiome and 

Metabolomics (CD-GEMM) study, we sought to assess the early antibody dynamics of aDGPs IgG 

in the 18 months to 3 years preceding CD onset.  

 

METHODS 

CD-GEMM is an international, multicenter prospective study following children from birth at-risk 

for CD 7. Study protocol includes DGPs IgG and anti-tTG IgA (Inova Diagnostics Inc., San Diego, 

CA) conducted every 6 months from age 6-36 months and then annually. With a positive anti-tTG 

IgA, anti-endomysial antibodies IgA (EMA) are analyzed on the same serum sample using the NOVA 

Lite Monkey Esophagus IFA Kit (Inova Diagnostics Inc., San Diego, CA). The study protocol 

(Clinical Trial Identifier: NCT02061306) was approved by local IRBs. CD was diagnosed if the 

subject tested positive (>10x cut-off) for anti-tTG IgA and positive for EMA on two separate blood 

samples, according to no-biopsy criteria from ESPGHAN 2020 guidelines or, for anti-tTG IgA values 

below 10X the cut-off, an upper intestinal endoscopy with duodenal biopsy was performed according 

to ESPGHAN/NASPGHAN guidelines 1,2. Potential CD was diagnosed when biopsy confirmation 

was required, and histological features were not consistent with CD. CD autoimmunity (CDA) was 

identified if subjects had an elevated anti-tTG IgA on two consecutive time points but had not yet 

undergone endoscopic evaluation. CD children, potential CD children and CDA children represented 

a broader group called “CD spectrum.” 
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For this study, we included children with at least three blood draws over consecutive timepoints. The 

primary outcome was to assess the predictive capability of the early appearance if aDGPs IgG and 

CD/CD spectrum onsets.  

Analyses were conducted using MedCalc (version 20.0, MedCalc Software, Ostend, Belgium), p < 

0.05 was considered statistically significant. Receiver-operating characteristics (ROC) curve analysis 

was performed to determine the best aDGPs IgG cut-off.  Logistic regression analysis assessed the 

association of an early rise in aDGPs IgG with various environmental and demographic factors 

Covariables were selected for inclusion in the multivariable logistic regression analysis if considered 

clinically relevant and if they yielded a p-value <0.25 on bivariable analysis.  

 

 

RESULTS 

Three-hundred twenty-five (171 females; mean age 39.5 months; age range 18-60 months) of 552 

recruited children fulfilled the inclusion criteria. Of those, 275 were HLA-DQ2+ or HLA-DQ8+ and 

38 had anti-tTG IgA seroconversion and were classified as CD spectrum, with 21 CD cases 

subsequently confirmed.  Diagnostic outcomes of this subcohort are summarized in Figure 1. Of the 

38 children, 28 (73.6%) had a rise in aDGPs IgG at least 6-12 months before their anti-tTG IgA 

seroconversion, with median age at IgG aDGPs rise of 18 months (age range: 12-48 months).  

Rise of aDGPs IgG held a relative risk (RR) of 5.03 (95%CI 3.59 to 7.05; p< 0.0001) for CD spectrum 

after 6 or 12 months. The median rise of these early antibodies in CD spectrum children was 16.9 U 

(range 10.3-89.9 U).  The Area Under the ROC Curve (AUC) for “predictive” aDGPs IgG among the 

CD spectrum group was 0.86 (95% CI 0.81 to 0.89), and the best cut-off value for this purpose was 

> 10.0 U (sensitivity 73.7%; specificity 85.4%) as shown in Figure 2.      

The AUC decreased to 0.82 (95% CI 0.77 to 0.86) in children diagnosed with CD and the best cut-

off of aDGPs IgG value was > 10.3 U (sensitivity 71.4%; specificity 82.2%) as also shown in Figure 
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2. The median rise of these antibodies in children with CD prior to diagnosis was 17.2 U (range 10.4-

89.9 U). The AUC for our 12 children with CDA overlaps with previous analyses and is shown as a 

Supplementary Figure.  Logistic regression analysis did not identify any association between a rise 

in aDGPs IgG and factors considered in the analysis.  

 

DISCUSSION  

      Herein we showed that, in children at-risk for CD tested prospectively, a rise in aDGPs IgG 

predicts a subsequent CD spectrum 6-12 months before disease onset in more than two thirds of the 

cases. The best cut-off for this predictive feature of aDGPs IgG is >10 UI/ml, which holds a sensitivity 

of 73.7% and a specificity of 85.4% for the CD spectrum. Thus, aDGPs IgG could represent an earlier 

signature of break of gluten tolerance in at-risk children and could therefore offer some utility in 

defining the timeframe for serological re-screening in this setting, such as 6 months after the elevation 

of aDGPs IgG.  

Our findings concur with the known initial phases of CD pathogenesis for which deamidated gliadin 

is strictly linked 8. Accordingly, aDGPs have often been considered as earlier markers within the 

proper clinical frame 3,4 and they have even been proven, albeit seldom, as the isolated serological 

signature of CD 9. 

Our study is in line with previous prospective cohorts of children at-risk for CD 10,11 showing different 

clinical outcomes over time.  Within our cohort, the rise of aDGPs IgG has displayed a similar pattern 

both in CD and in the larger CD spectrum cohort, with AUCs almost overlapping.  Given our data, 

we speculate that aDGPs IgG could demonstrate a tentative “crawling” during the initial phases of 

the “CD march,” which indeed requires careful monitoring, since early CD could rapidly evolve 

toward a more severe phenotype 12.  

In conclusion, despite earlier literature pointing against aDGPs IgG usefulness, these 

antibodies may represent an early biomarker for children at risk of developing CD.  To our 
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knowledge, no other marker is available for this purpose that could reduce diagnostic delays and 

possible clinical complications of pediatric CD. With the confirmation of aDGPS IgG as a single 

biomarker for CD in early childhood, manipulating the microbiome could be employed as a 

preventive treatment in the pre-clinical stage of the disease. 

 

List of abbreviations: celiac disease (CD); anti-deamidated gliadin peptide IgG antibodies (aDGPs 

IgG); IgA anti-transglutaminase antibodies (anti-tTG IgA); CD autoimmunity (CDA); anti-

endomysial antibodies (EMA); North American Society for Pediatric Gastroenterology and Nutrition 

(NASPGHAN); European Society for Pediatric Gastroenterology and Nutrition (ESPGHAN); CD-

GEMM study (Celiac Disease Genomic Environmental Microbiome and Metabolomic study); 

Receiver-operating characteristics (ROC); Area Under the ROC Curve (AUC). 

 

 

 

 

 

 

 

 

 

 

 



7 
 

                                 Table: Main epidemiological features of study subcohort  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gender (F/M) 171 / 154 

Mean age  (age range) 39.5  months   (18-60 months) 

Country 

US children (%) 170 (52.3%) 

Italian Children (%) 155 (47.7%) 

Family member with CD 

Father (%) 42 (12.9%) 

Mother (%) 183 (56.3%) 

Sibling (%) 67 (20.6%) 

Two family members affected (%) 33 (10.2%) 

HLA 

DQ2  Homozygous  42  (12.9%) 

DQ2  Heterozygous  180 (55.4%) 

DQ2 / DQ8  27 (8.3%) 

DQ8  26 (8%) 

Negative for DQ2/DQ8 50 (15.4%) 

CD: Celiac Disease; HLA:  Human Leukocyte Antigens 
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FIGURE LEGENDS 

Figure 1: Study subgroups as per diagnostic outcomes.  Eligible children from CDGEMM cohort 

who had at least three blood draws assessing both IgG aDGPs and anti-tTG IgA over consecutive 

timepoints. * CDA for research protocol are those who did not fulfill the ESPGHAN non-biopsy 

criteria and are awaiting biopsy confirmation or whose parents denied the recommended endoscopy 

needed to complete CD diagnosis. 

Figure 2: Area Under the ROC Curve (AUC) for “predictive” aDGPs IgG among CD spectrum 

children and among CD children. 
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ABSTRACT 

Objectives: To identify possible serum biomarkers predicting  celiac disease (CD) onset in children at risk.  

Study design: A subgroup from an ongoing, international prospective study of children at risk of CD were 

classified according to an early trajectory of a deamidated gliadin peptide (DGPs) IgG and clinical outcomes 

(CD, potential CD and CD autoimmunity).   
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Conclusions: aDGPs IgG can represent an early pre-clinical biomarker predicting CD onset in children at risk 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

INTRODUCTION 
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(aDGPs IgG) for CD screening has been debated . Some studies suggest that aDGPs IgG are better 

for screening children under age 2 3,4, while other studies have found no added benefit 5,6.  
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Metabolomics (CD-GEMM) study, we sought to assess the early antibody dynamics of aDGPs IgG 
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(Clinical Trial Identifier: NCT02061306) was approved by local IRBs. CD was diagnosed if the 

subject tested positive (>10x cut-off) for anti-tTG IgA and positive for EMA on two separate blood 

samples, according to no-biopsy criteria from ESPGHAN 2020 guidelines or, for anti-tTG IgA values 

below 10X the cut-off, an upper intestinal endoscopy with duodenal biopsy was performed according 

to ESPGHAN/NASPGHAN guidelines 1,2. Potential CD was diagnosed when biopsy confirmation 

was required, and histological features were not consistent with CD. CD autoimmunity (CDA) was 

identified if subjects had an elevated anti-tTG IgA on two consecutive time points but had not yet 

undergone endoscopic evaluation. CD children, potential CD children and CDA children represented 

a broader group called “CD spectrum.” 
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For this study, we included children with at least three blood draws over consecutive timepoints. The 

primary outcome was to assess the predictive capability of the early appearance if aDGPs IgG and 

CD/CD spectrum onsets.  

Analyses were conducted using MedCalc (version 20.0, MedCalc Software, Ostend, Belgium), p < 

0.05 was considered statistically significant. Receiver-operating characteristics (ROC) curve analysis 

was performed to determine the best aDGPs IgG cut-off.  Logistic regression analysis assessed the 

association of an early rise in aDGPs IgG with various environmental and demographic factors 

Covariables were selected for inclusion in the multivariable logistic regression analysis if considered 

clinically relevant and if they yielded a p-value <0.25 on bivariable analysis.  

 

 

RESULTS 

Three-hundred twenty-five (171 females; mean age 39.5 months; age range 18-60 months) of 552 

recruited children fulfilled the inclusion criteria. Of those, 275 were HLA-DQ2+ or HLA-DQ8+ and 

38 had anti-tTG IgA seroconversion and were classified as CD spectrum, with 21 CD cases 

subsequently confirmed.  Diagnostic outcomes of this subcohort are summarized in Figure 1. Of the 

38 children, 28 (73.6%) had a rise in aDGPs IgG at least 6-12 months before their anti-tTG IgA 

seroconversion, with median age at IgG aDGPs rise of 18 months (age range: 12-48 months).  

Rise of aDGPs IgG held a relative risk (RR) of 5.03 (95%CI 3.59 to 7.05; p< 0.0001) for CD spectrum 

after 6 or 12 months. The median rise of these early antibodies in CD spectrum children was 16.9 U 

(range 10.3-89.9 U).  The Area Under the ROC Curve (AUC) for “predictive” aDGPs IgG among the 

CD spectrum group was 0.86 (95% CI 0.81 to 0.89), and the best cut-off value for this purpose was 

> 10.0 U (sensitivity 73.7%; specificity 85.4%) as shown in Figure 2.      

The AUC decreased to 0.82 (95% CI 0.77 to 0.86) in children diagnosed with CD and the best cut-

off of aDGPs IgG value was > 10.3 U (sensitivity 71.4%; specificity 82.2%) as also shown in Figure 
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2. The median rise of these antibodies in children with CD prior to diagnosis was 17.2 U (range 10.4-

89.9 U). The AUC for our 12 children with CDA overlaps with previous analyses and is shown as a 

Supplementary Figure.  Logistic regression analysis did not identify any association between a rise 

in aDGPs IgG and factors considered in the analysis.  

 

DISCUSSION  

      Herein we showed that, in children at-risk for CD tested prospectively, a rise in aDGPs IgG 

predicts a subsequent CD spectrum 6-12 months before disease onset in more than two thirds of the 

cases. The best cut-off for this predictive feature of aDGPs IgG is >10 UI/ml, which holds a sensitivity 

of 73.7% and a specificity of 85.4% for the CD spectrum. Thus, aDGPs IgG could represent an earlier 

signature of break of gluten tolerance in at-risk children and could therefore offer some utility in 

defining the timeframe for serological re-screening in this setting, such as 6 months after the elevation 

of aDGPs IgG.  

Our findings concur with the known initial phases of CD pathogenesis for which deamidated gliadin 

is strictly linked 8. Accordingly, aDGPs have often been considered as earlier markers within the 

proper clinical frame 3,4 and they have even been proven, albeit seldom, as the isolated serological 

signature of CD 9. 

Our study is in line with previous prospective cohorts of children at-risk for CD 10,11 showing different 

clinical outcomes over time.  Within our cohort, the rise of aDGPs IgG has displayed a similar pattern 

both in CD and in the larger CD spectrum cohort, with AUCs almost overlapping.  Given our data, 

we speculate that aDGPs IgG could demonstrate a tentative “crawling” during the initial phases of 

the “CD march,” which indeed requires careful monitoring, since early CD could rapidly evolve 

toward a more severe phenotype 12.  

In conclusion, despite earlier literature pointing against aDGPs IgG usefulness, these 

antibodies may represent an early biomarker for children at risk of developing CD.  To our 
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knowledge, no other marker is available for this purpose that could reduce diagnostic delays and 

possible clinical complications of pediatric CD. With the confirmation of aDGPS IgG as a single 

biomarker for CD in early childhood, manipulating the microbiome could be employed as a 

preventive treatment in the pre-clinical stage of the disease. 

 

List of abbreviations: celiac disease (CD); anti-deamidated gliadin peptide IgG antibodies (aDGPs 

IgG); IgA anti-transglutaminase antibodies (anti-tTG IgA); CD autoimmunity (CDA); anti-

endomysial antibodies (EMA); North American Society for Pediatric Gastroenterology and Nutrition 

(NASPGHAN); European Society for Pediatric Gastroenterology and Nutrition (ESPGHAN); CD-

GEMM study (Celiac Disease Genomic Environmental Microbiome and Metabolomic study); 

Receiver-operating characteristics (ROC); Area Under the ROC Curve (AUC). 
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                                 Table: Main epidemiological features of study subcohort  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gender (F/M) 171 / 154 

Mean age  (age range) 39.5  months   (18-60 months) 

Country 

US children (%) 170 (52.3%) 

Italian Children (%) 155 (47.7%) 

Family member with CD 

Father (%) 42 (12.9%) 

Mother (%) 183 (56.3%) 

Sibling (%) 67 (20.6%) 

Two family members affected (%) 33 (10.2%) 

HLA 

DQ2  Homozygous  42  (12.9%) 

DQ2  Heterozygous  180 (55.4%) 

DQ2 / DQ8  27 (8.3%) 

DQ8  26 (8%) 

Negative for DQ2/DQ8 50 (15.4%) 

CD: Celiac Disease; HLA:  Human Leukocyte Antigens 
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FIGURE LEGENDS 

Figure 1: Study subgroups as per diagnostic outcomes.  Eligible children from CDGEMM cohort 

who had at least three blood draws assessing both IgG aDGPs and anti-tTG IgA over consecutive 

timepoints. * CDA for research protocol are those who did not fulfill the ESPGHAN non-biopsy 

criteria and are awaiting biopsy confirmation or whose parents denied the recommended endoscopy 

needed to complete CD diagnosis. 

Figure 2: Area Under the ROC Curve (AUC) for “predictive” aDGPs IgG among CD spectrum 

children and among CD children. 
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                                 Table: Main epidemiological features of study subcohort  

Gender (F/M) 171 / 154 

Mean age  (age range) 39.5 months (18-60 months) 

Country 

US children (%) 170 (52.3%) 

Italian Children (%) 155 (47.7%) 

Family member with CD 

Father (%) 42 (12.9%) 

Mother (%) 183 (56.3%) 

Sibling (%) 67 (20.6%) 

Two family members affected (%) 33 (10.2%) 

HLA 

DQ2  (Homozygous) 42  (12.9%) 

DQ2  (Heterozygous) 180 (55.4%) 

DQ2 / DQ8  27 (8.3%) 

DQ8  26 (8%) 

Negative for DQ2/DQ8 50 (15.4%) 

CD: Celiac Disease;  HLA:  Human Leukocyte Antigens; 
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