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Abstract

Background: Patients with type 1 diabetes mellitus (T1DM) have an increased risk of celiac disease (CD). Both diseases 
have a common genetic susceptibility locus in the human leukocyte antigen (HLA) class II alleles. Testing for tissue  
transglutaminase antibodies (anti-tTG) is highly accurate for a CD diagnosis. 

Objective: To determine the frequency of HLA-DQB1*0201/02 and DQB1*0302 alleles and anti-tTG seropositivity in  
children with T1DM.

Method: Forty-six children with T1DM (male:female=24:22; mean age 12±3.7 years) without significant digestive  
symptoms were enrolled. The mean duration of diabetes was 5±3.5 years. Serum anti-tTG IgA and IgG as well as  
HLA-DQ2 (DQB1*0201/02) and -DQ8 (DQB1*0302) alleles were analyzed. The allele frequencies were compared with 
those in controls, which included 124 normal Thai individuals, as reported in our previous study.

Results: All subjects were negative for anti-tTG IgG. Only one patient (2.2%) was positive for anti-tTG IgA (38.5 U/mL; 
cut-off 15 U/mL). Although this patient was also heterozygous for HLA-DQ2 and was asymptomatic for CD, he declined 
endoscopic confirmation. Twenty-nine of 46 patients carried HLA-DQ2 and/or -DQ8 heterodimers. HLA-DQB1*0201/02 
and HLA-DQB1*0302 allele frequencies were significantly higher (27% and 14%) in T1DM patients compared with normal 
controls (13.3% and 7.3%; P<0.001 and P=0.002, respectively).

Conclusions: A significantly greater frequency of DQB1*0201/02 and DQB1*0302 alleles were present in children with 
T1DM compared with the control group. This indicates a potentially important role of these alleles in the development of 
T1DM. The prevalence of CD screening by serologic testing is negligible in Thai children with T1DM.
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Introduction
Celiac disease (CD) is an immune-mediated disease caused 

by gluten sensitivity in genetically susceptible individuals. 
CD manifests as gastrointestinal tract-related symptoms  
including abdominal pain, abdominal distension, diarrhea, and  
constipation, as well as non-gastrointestinal tract-related  
symptoms such as poor growth, rash, anemia, abnormal  
enamel, osteoporosis, short stature and delayed puberty.1

CD is common in western countries; the prevalence in the
general population is approximately 0.5-1% in the USA and 
Europe.2 This figure is significantly higher among patients with 
autoimmune-related diseases such as type 1 diabetes mellitus 
(T1DM), autoimmune thyroiditis and selective IgA deficiency, 
Down syndrome, William syndrome, Turner syndrome and 
first degree relative-CD.3,4 The greater frequency of CD in 



Methods
T1DM patients under 18 years of age in the pediatric  

endocrinology clinic of King Chulalongkorn Memorial  
Hospital were enrolled from July 2013 to March 2014. All  
patients had no symptoms suggestive of CD, such as recurrent 
abdominal pain, constipation or diarrhea. The following  
information was obtained from the medical records of patients 
with an initial diagnosis of diabetes: weight, height, age, and 
clinical features including initial and long-term insulin use,  
fasting blood sugar, glycated hemoglobin (HbA1c) and the 
presence of autoimmune thyroid disease. All consenting  
patients underwent blood testing for HLA haplotyping as 
well as anti-tTG IgA and IgG. This study was approved by the  
Ethics Committee, Faculty of Medicine, Chulalongkorn  
University. Written informed consent was obtained from the 
patients’ guardians.

The frequencies of HLA-DQ2 (DQB1*0201/02) and -DQ8 
(DQB1*0302) alleles in 124 normal Thai individuals served as 
control data and were described in our previous study.24

HLA typing 
All patients were typed for HLA class II genomic 

HLA and anti-tTG in children with DM

Results
Forty-six diabetic children (24 males and 22 females) with a 

mean age of 12±3.7 years (range 3-17.3 years) were enrolled in 
the study. The subjects had been diagnosed with type 1 diabetes 
for 5±3.5 years (range 0.4-16.1 years) at the time of recruitment. 
Seven-day diet recall interviews regarding the consumption of 
wheat-containing products, including cereal, bakery products, 
and instant noodles, were recorded. About 24% of the  
participants reported no wheat consumption during the past 
week. The frequencies of wheat consumption were 1-3, 4-6, 
and 7 days per week in 54%, 7%, and 15% of the participants,  
respectively.

Twenty-nine patients (63%) were HLA-DQ2 (DQB1*0201/ 
02) and/or HLA-DQ8 (DQB1*0302) positive (Table 1). The  
allele frequencies of HLA-DQB1 are shown in Table 2. There 
was a significant difference in the frequency of DQB1*0201/02 
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patients with T1DM (1-16%) is caused by genetic susceptibility 
alleles shared between CD and T1DM: the human leukocyte
antigen (HLA) alleles HLA-DR3-DQ2 and HLA-DR4-DQ8.5-10

Generally, T1DM patients with CD are asymptomatic for 
several years after being diagnosed with T1DM. However, the 
symptoms may manifest many years later. In western countries, 
a CD screening test for disease-prone groups is recommended. 
Most guidelines endorse a genetic test, using HLA typing for 
screening. If the result is DQ2/8-positive, a serology test is then 
required. If the result of this serology test is positive, duodenal 
biopsies are conducted for a definite diagnosis.11-16

CD is not highly prevalent among Asians, including Thais. 
Consequently, the availability of prevalence data is limited. 
Asians have changed from traditional rice-based diets to  
western-style diets with a higher content of gluten-based foods. 
As a result, there is a potential for increased incidence of CD 
because of greater gluten exposure. Indeed, CD is increasing 
among South Asian people as their staple diet is rich in 
wheat-derived foodstuffs.2,7,17

HLA typing and assay of CD-specific antibodies, including 
tissue transglutaminase antibody (anti-tTG), are useful  
screening tools for the diagnosis of CD.18-23 Over 95% of patients 
with CD harbor the HLA-DQ2 heterodimer, whereas some of 
the other 5% have the HLA-DQ8 heterodimer. The sensitivity 
and specificity values of the anti-tTG IgG test are 95.2% and 
95.0%, respectively, while those of the anti-tTG IgA test are 
96.9% and 95%, respectively.22

There is a lack of data demonstrating the prevalence of 
CD in Thai children with T1DM who belong to the at-risk 
group. The aim of this study was to determine the frequency of  
anti-tTG IgA and IgG seropositivity in Thai children with  
T1DM. As the HLA-DQ2 (DQB1*0201/02) and -DQ8 
(DQB1*0302) alleles confer a high risk for T1DM, we also 
aimed to explore the frequency of these risk alleles in T1DM 
children compared with the normal Thai population.

polymorphisms at the intermediate-resolution level with  
polymerase chain reaction-sequence specific oligonucleotide
probes (PCR-SSOP). DNA was isolated from peripheral blood
samples using DNA purification (the salting out method).  
HLA-DQA1 and DQB1 gene polymorphisms were analyzed  
using commercial kits (LABType® SSO Typing Tests, One 
Lambda Inc., CA, USA) with 0.5 U Taq DNA polymerase  
(GoTaq® Flexi DNA Polymerase, Promega, WI, USA) following 
the manufacturers’ protocols. Amplification was performed 
using a thermocycler (Gene Amp PCR System 9600, Applied 
Biosystems, CA, USA). Confirmation of the amplified product 
band prior to the hybridization assay was performed to ensure 
the generation of optimal signals by gel electrophoresis. PCR 
products were hybridized with oligonucleotides coated on  
microparticle beads and were visualized by a flow analyzer 
(LABScan 100, One Lambda Inc.) after hybridization.

Serologic testing
Anti-tTG IgA and IgG were detected by ELISA using  

Autoimmune EIA Anti-tTG IgA and IgG kits (Bio-Rad  
Laboratories, Richmond, CA). Sera were diluted 1:5 for testing 
and the positive cut-off point was 15 U/mL.

Statistical analysis
Data are presented as the number of subjects, percentage 

and mean. Allele frequencies were compared between children 
with T1DM and normal controls using a binomial test. A P  
value <0.05 was considered statistically significant.

Table 1. Distribution of HLA-DQB1 in T1DM patients.

Abbreviations: HLA, human leucocyte antigen.

HLA haplotype Number (percentage)

DQ2/other 15 (52%)

DQ2/DQ8 6 (21%)

DQ8/other 5 (17%)

DQ2/DQ2 2 (7%)

DQ8/DQ8 1 (3%)
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Table 2. Allele frequencies of HLA-DQB1 in T1DM patients.

Abbreviations: HLA, human leucocyte antigen.

and DQB1*0302 alleles in patients compared with controls 
(P<0.001 and P=0.002, respectively).

Males had a significantly higher positive rate for HLA-
DQ2 or HLA-DQ8 compared with females (79.2% vs. 45.5%, 
P=0.02). The prevalence of poor glycemic control (HbA1c≥9%) 
among children who were DQ2 and/or DQ8 positive was not 
significantly different compared with those who were DQ2/
DQ8 negative (34.5% vs. 47.1%, respectively).

Only one patient was positive for anti-tTG IgA (38.5 U/
mL). This 13-year-old adolescent patient was HLA-DQ2  
heterozygous, was asymptomatic for CD, and presented with  
diabetic ketoacidosis at the age of 10. He was underweight 
with a body mass index of 17.5 kg/m2 and had autoimmune  
thyroiditis (Hashimoto thyroiditis) as a co-morbidity. He 
had poor glycemic control with high HbA1c (up to 15.5%).  
Unfortunately, he declined a duodenal biopsy for CD  
confirmation.

Discussion
CD is a gastrointestinal disorder in which an autoimmune 

response is triggered by gluten proteins. Even though anti-tTG 
antibody testing is invaluable for the diagnosis of patients with 
CD, its performance in a clinical setting depends on the ingested 
amounts of gluten. The staple diet of the Thai population is 
rice, with wheat consumed less often. The reason why IgG-tTG  
seropositivity was undetectable in the present study might be 
partly explained by the low consumption of gluten by these  
patients. Almost a quarter of the subjects in this study reported 
no wheat consumption during the past week. Another reason 
might be explained by the hygiene hypothesis. Thai children 
are highly susceptible to infection, and therefore might be less 
likely to suffer from autoimmune diseases. This was supported 
by a study showing a decreased risk of CD in patients with  
Helicobacter pylori infection.25 Asymptomatic individuals at risk 
for CD may have fluctuating serum anti-tTG levels over time. 
Therefore, it is recommended to perform duodenal biopsies in 
this risk group.16

Testing for anti-tTG IgA can produce both false positive and 
false negative results. Children with T1DM have a higher rate 
of false positive anti-tTG IgA titers when compared with the 
normal population.26 IgA deficiency (IgA-D) can lead to false 
negative results for anti-tTG IgA. The prevalence rate of IgA-D 
in subjects with T1DM is approximately five-fold than that in 
the general population.27 However, the incidence of IgA-D is 
low among Asian populations.28,29 There have been reports of 
only three cases of IgA-D in Thailand.30 While patients with

IgA-D cannot produce IgA isotype antibodies against tTG, they 
can still produce IgG isotype antibodies against this antigen.31

Anti-tTG IgG has a high sensitivity and specificity for CD
diagnosis, even in patients with IgA deficiency. Therefore, the 
conclusion of CD diagnosis should be drawn from the results of 
the anti-tTG IgG testing as well. Although a total IgA level test 
was not conducted in this study, there is a high probability that 
all patients negative for anti-tTG IgA and IgG did not develop 
CD. Duodenal biopsies to verify the absence of enteropathy 
would have helped confirm the false positive anti-tTG IgA in 
the single patient who had a negative anti-tTG IgG result in the 
present study.

It is recommended to perform HLA-DQ typing for CD 
screening in asymptomatic children with an increased risk 
for CD, such as those with T1DM.16 The HLA-DR3/DQ2  
haplotype is present in over 90% of patients with CD and 55% 
of those with T1DM, compared with 20-25% of the general  
population of European ancestry.32 The 50% frequency of the  
DQ2 haplotype in children with T1DM in this study is  
comparable to previous data.32 The key role of HLA-DQ typing 
in the diagnosis of CD is to exclude the disease.16 Individuals 
without HLA-DQ2 or -DQ8 are unlikely to have CD because 
the sensitivity of HLA-DQ2 testing is high, and when combined 
with HLA-DQ8 (when at least one of HLA-DQ2 or -DQ8 is 
positive), the sensitivity is even greater.

A recent study of 450 healthy Thai subjects in the placebo 
arm of an HIV vaccine trial revealed the allele frequencies of 
HLA-DQB1*0201/02 and DQB1*0302 were 13.9% and 3.6%, 
respectively, which were comparable to the data published by 
our group.24,33 In the present study, the HLA-DQB1*0201/02 
and HLA-DQB1*0302 alleles were present in 41% of children 
with T1DM, which was similar to 53% in a previous report.34

It is important to diagnose CD in at-risk children because 
it might have negative health consequences. The clinical  
heterogeneity of CD requires noninvasive tests for diagnosis, 
thus avoiding duodenal biopsy. Patients with T1DM are not 
routinely screened for CD in Thailand owing to a lack of 
both prevalence data and cost benefit studies. The American  
Diabetes Association suggests CD screening for children with 
T1DM should test for anti-tTG IgA or anti-endomysial IgA  
antibodies soon after a T1DM diagnosis.13 For patients positive 
for these antibodies, further investigation to detect enteropathy 
by small bowel biopsy should be considered. The ESPGHAN 
2012 guidelines, however, suggest HLA testing as an initial step 
to detect HLA-DQ2 and -DQ8.16 If HLA-DQ2 and/or DQ8 
are not present, additional tests such as serological tests are  
unnecessary. 

T1DM patients with undetected CD have poor glycemic 
control and higher complication rates, such as retinopathy and 
nephropathy.35 In this study, genetically at-risk children had a 
similar rate of poor glycemic control compared with those who 
were HLA-DQ2 and/or -DQ8 negative. As CD can develop 
over time in patients with T1DM, repeated monitoring of  
individuals positive for HLA-DQ2 or -DQ8 by serological  
testing is warranted, even if the initial test yields a negative result.  
Currently, data supporting the recommendations regarding the 
optimal frequency of periodic serologic investigation are still 
lacking.

HLA allele Allele frequencies P value

T1DM in this 
study 

(2N=92)

Healthy control from 
Wongsurawat et al24

(2N=248)

DQB1*0201/02 25 (27%) 33 (13.3%) <0.001

DQB1*0302 13 (14%) 18 (7.3%) 0.002



In summary, a significantly greater frequency of DQB1*
0201/02 and DQB1*0302 alleles were present in children with 
T1DM compared with the control group, indicating that they
might have an important role in the development of T1DM. The
prevalence of CD screening by serologic testing is negligible in 
Thai children with T1DM.

Acknowledgments
This study was supported by the Ratchadaphiseksomphot 

Fund, Faculty of Medicine, and a Grant for International  
Research Integration, Chula Research Scholar,  
Ratchadaphiseksomphot Endowment Fund, Chulalongkorn 
University.

Conflict of interests
The authors have declared that no competing interests exist.

References
1. Di Sabatino A, Corazza GR. Coeliac disease. Lancet. 2009;373:1480-93.
2. Cataldo F, Montalto G. Celiac disease in the developing countries: 

a new and challenging public health problem. World J Gastroenterol. 
2007;13:2153-9.

3. Fasano A, Berti I, Gerarduzzi T, Not T, Colletti RB, Drago S, et al.  
Prevalence of celiac disease in at-risk and not-at-risk groups in the United 
States: a large multicenter study. Arch Intern Med. 2003;163:286-92.

4. Hill I, Fasano A, Schwartz R, Counts D, Glock M, Horvath K.  
The prevalence of celiac disease in at-risk groups of children in the United 
States. J Pediatr. 2000;136:86-90.

5. Mahmud FH, Murray JA, Kudva YC, Zinsmeister AR, Dierkhising 
RA, Lahr BD, et al. Celiac disease in type 1 diabetes mellitus in a North  
American community: prevalence, serologic screening, and clinical  
features. Mayo Clin Proc. 2005;80:1429-34.

6. Camarca ME, Mozzillo E, Nugnes R, Zito E, Falco M, Fattorusso V, et al. 
Celiac disease in type 1 diabetes mellitus. Ital J Pediatr. 2012;38:10.

7. Cummins AG, Roberts-Thomson IC. Prevalence of celiac disease in the 
Asia-Pacific region. J Gastroenterol Hepatol. 2009;24:1347-51.

8. Smyth DJ, Plagnol V, Walker NM, Cooper JD, Downes K, Yang JH, et al. 
Shared and distinct genetic variants in type 1 diabetes and celiac disease. N 
Engl J Med. 2008;359:2767-77.

9. Megiorni F, Pizzuti A. HLA-DQA1 and HLA-DQB1 in Celiac disease  
predisposition: practical implications of the HLA molecular typing.  
J Biomed Sci. 2012;19:88.

10. Ghawil M, Miotti V, Tonutti E, Tenore A, Hadeed I, Sindici C, et al.  
HLA-DQ types of celiac disease in Libyan children with type 1 diabetes 
mellitus. Eur J Gastroenterol Hepatol. 2012;24:59-63.

11. Larsson K, Carlsson A, Cederwall E, Jonsson B, Neiderud J, Jonsson B, et 
al. Annual screening detects celiac disease in children with type 1 diabetes. 
Pediatr Diabetes. 2008;9:354-9.

12. Porter JA, MacKenzie K, Darlow B, Day AS. Looking for coeliac  
disease in children with type 1 diabetes mellitus. J Paediatr Child Health. 
2014;50:811-6.

13. American Diabetes A. Standards of medical care in diabetes-2014.  
Diabetes Care. 2014;37 Suppl 1:S14-80.

14. Holmes GK. Coeliac disease and Type 1 diabetes mellitus - the case for 
screening. Diabet Med. 2001;18:169-77.

15. Srivastava A, Yachha SK, Mathias A, Parveen F, Poddar U, Agrawal S. 
Prevalence, human leukocyte antigen typing and strategy for screening 
among Asian first-degree relatives of children with celiac disease.  
J Gastroenterol Hepatol. 2010;25:319-24.

16. Husby S, Koletzko S, Korponay-Szabo IR, Mearin ML, Phillips A, Shamir 
R, et al. European Society for Pediatric Gastroenterology, Hepatology, 
and Nutrition guidelines for the diagnosis of coeliac disease. J Pediatr  
Gastroenterol Nutr. 2012;54:136-60.

17. Bhatnagar S, Gupta SD, Mathur M, Phillips AD, Kumar R, Knutton S, et 
al. Celiac disease with mild to moderate histologic changes is a common 
cause of chronic diarrhea in Indian children. J Pediatr Gastroenterol Nutr. 
2005;41:204-9.

18. Armstrong D, Don-Wauchope AC, Verdu EF. Testing for gluten-related 
disorders in clinical practice: the role of serology in managing the  
spectrum of gluten sensitivity. Can J Gastroenterol. 2011;25:193-7.

19. Megiorni F, Mora B, Bonamico M, Barbato M, Nenna R, Maiella G, et al. 
HLA-DQ and risk gradient for celiac disease. Hum Immunol. 2009;70: 
55-9.

20. Hadithi M, von Blomberg BM, Crusius JB, Bloemena E, Kostense PJ,  
Meijer JW, et al. Accuracy of serologic tests and HLA-DQ typing for  
diagnosing celiac disease. Ann Intern Med. 2007;147:294-302.

21. Vecsei A, Arenz T, Heilig G, Arenz S, Bufler P, Koletzko S. Influence of age 
and genetic risk on anti-tissue transglutaminase IgA titers. J Pediatr Gastro-
enterol Nutr. 2009;48:544-9.

22. Zintzaras E, Germenis AE. Performance of antibodies against tissue  
transglutaminase for the diagnosis of celiac disease: meta-analysis. Clin 
Vaccine Immunol. 2006;13:187-92.

23. Salmi TT, Collin P, Reunala T, Maki M, Kaukinen K. Diagnostic methods 
beyond conventional histology in coeliac disease diagnosis. Dig Liver Dis. 
2010;42:28-32.

24. Wongsurawat T, Nakkuntod J, Charoenwongse P, Snabboon T, Sridama V, 
Hirankarn N. The association between HLA class II haplotype with Graves’ 
disease in Thai population. Tissue Antigens. 2006;67:79-83.

25. Lebwohl B, Blaser MJ, Ludvigsson JF, Green PH, Rundle A, Sonnenberg A, 
et al. Decreased risk of celiac disease in patients with Helicobacter pylori 
colonization. Am J Epidemiol. 2013;178:1721-30.

26. Liu E, Li M, Bao F, Miao D, Rewers MJ, Eisenbarth GS, et al. Need for 
quantitative assessment of transglutaminase autoantibodies for celiac  
disease in screening-identified children. J Pediatr. 2005;146:494-9.

27. Wang N, Shen N, Vyse TJ, Anand V, Gunnarson I, Sturfelt G, et al.  
Selective IgA deficiency in autoimmune diseases. Mol Med. 2011;17: 
1383-96.

28. Feng L. [Epidemiological study of selective IgA deficiency among 6  
nationalities in China]. Zhonghua Yi Xue Za Zhi. 1992;72:88-90. Chinese.

29. Kanoh T, Mizumoto T, Yasuda N, Koya M, Ohno Y, Uchino H, et al.  
Selective IgA deficiency in Japanese blood donors: frequency and statistical 
analysis. Vox Sang. 1986;50:81-6.

30. Phankingthongkum S, Visitsunthorn N, Vichyanond P. IgA deficiency: 
a report of three cases from Thailand. Asian Pac J Allergy Immunol. 
2002;20:203-7.

31. Korponay-Szabo IR, Dahlbom I, Laurila K, Koskinen S, Woolley N,  
Partanen J, et al. Elevation of IgG antibodies against tissue  
transglutaminase as a diagnostic tool for coeliac disease in selective IgA 
deficiency. Gut. 2003;52:1567-71.

32. Rewers M, Eisenbarth GS. Autoimmunity: Celiac disease in T1DM-the 
need to look long term. Nat Rev Endocrinol. 2012;8:7-8.

33. Baldwin KM, Ehrenberg PK, Geretz A, Prentice HA, Nitayaphan S,  
Rerks-Ngarm S, et al. HLA class II diversity in HIV-1 uninfected  
individuals from the placebo arm of the RV144 Thai vaccine efficacy trial. 
Tissue Antigens. 2015;85:117-26.

34. Buc M, Bucova M, Javor J, Krivosikova M, Stuchlikova M, Shawkatova I, et 
al. Associations between HLA class II alleles and type 1 diabetes mellitus in 
the Slovak population. Endocr Regul. 2006;40:1-6.

35. Leeds JS, Hopper AD, Hadjivassiliou M, Tesfaye S, Sanders DS. High  
prevalence of microvascular complications in adults with type 1 diabetes 
and newly diagnosed celiac disease. Diabetes Care. 2011;34:2158-63.

HLA and anti-tTG in children with DM

85




