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Abstract 

Type 1 diabetes (T1D) and celiac disease (CD) coexist very often. Identification of the human leukocyte antigen (HLA) 
DQ2/DQ8 can confirm the genetic predisposition to CD. Negative result of this test allows to exclude CD with a high 
probability. It was suggested that in individuals with higher risk of CD, including T1D patients, the implementation of 
genetic testing should reduce the number of patients requiring systematic immunological screening. The aim of this 
study was to analyze the prevalence of different haplotypes predisposing to CD in children and adolescents with pre‑
viously diagnosed T1D. Material and methods: A retrospective analysis was performed on 166 T1D children (91 girls) 
in whom HLA DQ2/DQ8 alleles were tested. In 9.6% CD was also diagnosed. Results: In 12.7% both HLA DQ2/DQ8 
were negative. In 87.3% patients HLA DQ2 and/or DQ8 was positive, including 27.7% patients with both haplotypes 
DQ2.5 and DQ8 positive. In all CD patients the disease predisposing alleles were positive, while none of the HLA DQ2/
DQ8 negative children were diagnosed with CD. Conclusions: The prevalence of HLA DQ2.5 and the HLA DQ2.5 / HLA 
DQ8 configuration is higher in patients with T1D, and CD compared to children with T1D alone. The combination of 
HLA DQ2 and HLA DQ8 most significantly increases the risk of developing CD. The group of HLA DQ2/DQ8 negative 
patients with improbable CD diagnosis, is relatively small. Most of T1D patients HLA DQ2/DQ8 positive need further 
regular antibody assessment. In patients with T1D, who are at high risk of developing CD, genetic testing may be con‑
sidered to select those who require further systematic serological evaluation. Due to its retrospective nature, the study 
was not registered in the database of clinical trials and the Clinical trial registration number is not available.

Keywords: Diabetes type 1, Celiac disease, Haplotype HLA‑DQ2/DQ8

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Celiac disease (CD) is a chronic autoimmune enteropa-
thy that develops as a result of an abnormal immune 
response to grains containing gluten in genetically pre-
disposed individuals [1, 2]. It affects 1% of population, 
more often women, usually disclosing in children, how-
ever up to 20% of cases may be diagnosed in patients over 

60 years of age [3, 4]. Although the exact pathogenesis of 
CD is not fully understood, it is known to be a multifac-
torial disease. Genetic, environmental, infectious as well 
as metabolic factors contribute to the development of CD 
[4, 5].

The coexisting of CD that varies from 8–18% in first 
degree relatives and reaches up to 70% in identical twins 
confirms its genetic background [6, 7]. CD has an autoso-
mal dominant inheritance, what was shown for the first 
time by McDonald et al. [8] in the sixties of the past cen-
tury. A close relationship between CD and histocompat-
ibility antigens of human leukocyte antigen (HLA) class 
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II, which are necessary, but not sufficient for developing 
the disease, accounting for 35–40% of the genetic risk 
was found. Some other genetic polymorphisms that may 
affect T cell reactivity in CD are being identified [7, 9–11]. 
It is believed that the characteristic for CD gene arrange-
ment is DQA1*0501/DQB1*0201 encoding a DQ2.5 
protein and DQA1*03/DQB1*0302 encoding the DQ8 
protein. The DQ2.5 is observed in 90–95% of patients 
with CD comparing with approximately 25% prevalence 
in general population. It is considered that CD will be 
revealed in not more than 4% of the HLA DQ2 positive 
individuals [12–15]. In almost all other patients with CD 
the presence of the allele DQ8 was confirmed [16]. The 
absence of HLA-DQ2 and/or HLA-DQ8 substantially 
excludes the diagnosis of CD [17]. Moreover, the risk of 
developing CD in individuals homozygous for DQ2.5 is 
approximately five times higher than in heterozygotes, 
with an intermediate risk for heterozygotes DQ2.5/DQ8. 
It seems that haplotypes DQA*0201/DQB*02 (DQ2.2) 
and DQA1*0102/DQB1*0602 (DQ0602) carry a low risk 
of CD and are more often observed in patients with its 
latent form [18, 19].

Type 1 diabetes (T1D) and CD are often a concomitant 
problem. Patients with T1D are at risk for other autoim-
mune diseases. CD is diagnosed in approximately 2–10% 
of patients with T1D. This is due to a common genetic 
background, as both conditions are related to the HLA 
DQB1*0201 and DQA1*0501 alleles. Prolonged exposure 
to gluten is also postulated as a trigger of autoimmune 
process leading to T1D; moreover, it was demonstrated 
in animal models that dietary modification (gluten free 
diet) allows to reduce the incidence of diabetes [20–25].

According to the guidelines of the European Society for 
Paediatric Gastroenterology, Hepatology and Nutrition 
(ESPGHAN), in patients with an increased risk of CD, 
systematic diagnostic tests for CD should be performed. 
Examination of total IgA and specific antibodies (anti-
tissue transglutaminase 2 antibodies, TGA-IgA) is rec-
ommended as the first screening test to identify persons 
requiring further evaluation. By ESPGHAN, patients with 
T1D are at risk of developing CD [26]. Following these 
guidelines, the Polish Diabetes Association alongside 
the International Society for Pediatric and Adolescent 
Diabetes (ISPAD) recommend screening for CD every 
1–2 years for the first 10 years of the duration of diabe-
tes [27, 28]. It must be emphasized that undiagnosed and 
untreated CD in T1D patients may be associated with a 
worsening of metabolic control (higher hemoglobin A1c, 
unstable blood glucose levels, a greater risk of hypoglyce-
mia), next to the "classical" complications associated with 
malabsorption [29, 30].

The evaluation of the presence of HLA-DQ2/DQ8 hap-
lotype has a high negative predictive value in CD, i.e., a 

negative result of this test excludes the disease with high 
probability [17, 26]. In individuals who belong to at-risk 
groups, including T1D patients, genetic testing could be 
performed to select people who need further systematic 
serological evaluation [31].

Aim of the study
The aim of this study was to analyze the prevalence of 
different haplotypes predisposing to CD in children and 
adolescents with previously diagnosed T1D.

Material and methods
The study included children and adolescents with T1D, 
patients of the Department of Pediatric Endocrinol-
ogy and Diabetology, Wroclaw, Poland—which is the 
only center in Lower Silesia that provides care for pedi-
atric patients with T1D. After informed consent for the 
genetic testing was obtained from legal guardians of all 
patients and all patients that are > 16 years of age, accord-
ing to the Polish law, 3–5 ml of whole venous blood were 
collected from patients. The HLA-DQ2DQ8 determina-
tion was performed in a laboratory experienced in per-
forming such tests. The research was conducted with 
the EUROArray HLA-DQ2/DQ8 test, which is used to 
determine the HLA-DQA1 and HLA-DQB2 alleles using 
special PCR primers (Table  1). This method allows you 
to resign from agarose gel electrophoresis, so there is no 
need for subjective evaluation of the test result. Samples 
were taken together with other routinely performed labo-
ratory tests. Serological screening for CD is performed at 
the T1D diagnosis and annually in every patient.

Subsequently, genetic testing was discontinued in all 
children with T1D, as preliminary analysis showed that 
waiving the annual serological screening for CD is only 
possible in 12% of patients, therefore genetic testing in 
each patient did not appear to be economically profitable.

In our Center routine serological screening for CD is 
performed in every patient at the T1D diagnosis and then 
annually.

CD was diagnosed according to ESPGHAN 2012 
guidelines [32]. The diagnosis was based on the detection 

Table 1 Analyzed alleles predisposing to celiac disease

Allele: Haplotype:

HLA DQ2.2 DQA1*02:01, ‑DQB1*02:02

HLA DQ2.5 DQA1*05:01, ‑DQB1*02:01 
or DQA1*05:05, 
‑DQB1*02:02

HLA DQ8 DQA1*03:01, ‑DQB1*03:02 
or DQA1*03:02, 
‑DQB1*03:02
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of elevated titers of specific antibodies: anti-tissue trans-
glutaminase 2 antibodies (TGA-IgA) and anti-endomy-
sial antibodies (EMA-IgA), determination of HLA DQ2 
and DQ8 and esophagogastroduodenoscopy with histo-
pathological duodenal biopsy.

Statistical analysis
Data were presented as mean (SD, ranges) for continu-
ous variables, and as number (%) for categorical vari-
ables. Differences between two independent groups were 
tested with Student’s t-test or the Mann-Whitney U-test, 
according to the normality of variables. To compare the 
allele frequencies in the different groups Fisher’s exact 
test and  Chi2 test were used. Binary logistic regression 
analysis was used to calculate the odds ratios (OR) and 
95% confidence interval (CI). A two-tailed p value < 0.05 
was considered statistically significant. The analysis was 
performed with Statistica v. 13 (TIBCO Software Inc. 
(2017)). Statistica (data analysis software system), Sta-
tistica version 13. http:// stati stica. io. Stati stica v.10 (Stat-
Soft, Inc. (2011) data analysis software system).

Results
The study comprised 166 consecutive patients (91 girls 
and 75 boys) from the cohort of 1000 children treated in 
our Centre due to T1D, who underwent annual routine 
laboratory follow-up according to the recommendations 
by Polish Diabetes Association and the International 
Society for Pediatric and Adolescent Diabetes or were 
hospitalized due to newly diagnosed T1D, in whom the 
HLA DQ2 / DQ8 test was performed as part of the diag-
nosis of celiac disease.

The presence of the haplotype predisposing to CD was 
found in 146 (87.9%) of children with T1D. In 16 (9.6%) 
children (7 girls and 9 boys), CD was diagnosed in addi-
tion to T1D. In three cases, CD was diagnosed at the T1D 
presentation, whereas the remaining were diagnosed 
later, with the annual screening. Elevated TGA-IgA and 
EMA-IgA titers were found in all 16 patients. In 13/16 
cases also gastroscopy and histopathological duodenal 
biopsies were performed, and the result of this examina-
tion confirmed CD diagnosis. In our cohort, there were 
no children with elevated TGA-IgA and EMA-IgA titers, 
who were not diagnosed with CD. All children were 
asymptomatic when CD was diagnosed. The mean age of 
the patients with T1D and CD was comparable to T1D 
ones (Table  2).  Anthropometric parameters were com-
parable in children with a dual diagnosis of T1D and CD 
and in children with T1D only (Table 3).

In the whole studied group HLA DQ2.5 occurred in 
50.6% of them, HLA DQ8 in 62.0% and HLA DQ2.2 in 
14.5%. In 66 (39.8%) patients two alleles were found, of 
which the most common (46/66 patients, 27.7%) was the 
coexistence of HLA DQ2.5 and HLA DQ8. The preva-
lence of different configurations of haplotypes in children 
with T1D – carriers of genes predisposing to CD was 
shown in Fig. 1. The data on the prevalence of different 
configurations of haplotypes in T1D patients without CD 
is presented in Table 4.

All patients with the double diagnosis of T1D and CD 
were carriers of genes predisposing to CD. In 13/16 two 
alleles were present, with HLA DQ2.5 together with 
HLA DQ8 as the most often (10/16) configuration. HLA 
DQ2.2 together with HLA DQ2.5 was present in two 
patients, while HLA DQ2.2 together with HLA DQ8 

Table 2 Age‑related analysis of the studied group

T1D Type 1 diabetes; CD Celiac disease

Whole group

Mean (SD, min–max)

N = 166

Age [years] 11.2 (4.5, 2.0–18.0)

Males Females P

Mean (SD, min–max)

N = 75 N = 91

Age [years] 11.1 (4.5, 2.0–18.0) 11.2 (4.5, 2.0–18.0) 0.8723

T1D T1D + CD P

Mean (SD, min–max)

N = 150 N = 16

Age [years] 11.4 (4.4, 2.0–18.0) 9.1 (4.9, 3.0–17.0) 0.0547

http://statistica.io.Statistica
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Fig. 1 a Prevalence of celiac disease predisposing haplotypes in children with type 1 diabetes. b Prevalence of different celiac disease predisposing 
alleles in children with type 1 diabetes. c Prevalence of different configurations of celiac disease predisposing haplotypes in children with type 1 
diabetes
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in only 1 patient. Moreover, HLA DQ2.5 only was car-
ried by one patient, and HLA DQ8 by two children. The 
results are presented in Fig. 2.

The prevalence of HLA DQ2.5 allele and the con-
figuration of HLA DQ2.5 and HLA DQ8 were higher 
in patients with T1D and CD in comparison to children 
with T1D only (p = 0.0220 and p = 0.0045, respectively). 
The combination of HLA DQ2.5 and HLA DQ8 most 
significantly increases the risk of developing CD. The 
prevalence of other alleles predisposing to CD and their 
different configurations were comparable in the studied 
groups of children (Table 4, Fig. 3).

Discussion
T1D is one of the most common chronic endocrine 
diseases that reveals itself childhood. It has an autoim-
mune etiology and can occur as a separate disease, but 
also as a component of autoimmune processes involving 
multiple endocrine organs (Autoimmune Polyglandular 
Syndrome, APS), most commonly co-existing with auto-
immune Hashimoto’s thyroiditis and CD [31, 33].

T1D, CD and autoimmune thyroiditis are similar in 
etiopathogenesis, that results from a common genetic 
background and an abnormal immune response to self-
antigens [34]. It is worth noting that any delay in the 
diagnosis of other autoimmune diseases accompanying 
T1D may be a cause not only of metabolic decompensa-
tion of diabetes, but also may accelerate the occurrence 
of chronic microvascular complications [29, 30, 35, 36].

The prevalence of CD in patients with T1D varies 
from 2 to 10%, comparing to the reported prevalence 
of 0.5–1% of the general population [37, 38]. In the pre-
sented study, CD coexisted with T1D in 9.6% of children. 
Related results were obtained not only in Polish, but also 
in European and American evaluations. According to 
SWEET registry comprising 57 375 T1D patients, CD 
was present in 4.5% of them, more often among females. 
Its prevalence differs among regions, being the low-
est in Asia and Middle East (1.9%) and reaching 6.9% in 
Australia and New Zealand [39]. In Polish population, 
Głowińska-Olszewska et al. [40] shown that CD was con-
firmed in 5.3% children with T1D diagnosed from 2010 
to 2018, moreover its prevalence increased in the study 

Table  3 Anthropometric measurements of studied patients

T1D Type 1 diabetes; CD Celiac disease

Whole group

Mean (SD, min–max)

N = 166

Weight [kg] 38.35 (20.38, 11.25–96.50)

BMI [kg/m2] 18.44 (3.62, 13.18–31.48)

BMI z‑score 0.32 (0.90, − 2.97–3.81)

Height [m] 1.381 (0.261, 0.875–1.993)

Height z‑score 0.13 (1.05, − 2.13–3.39)

Males Females p

Mean (SD, min–max)

N = 75 N = 91

Weight [kg] 38.43 (21.69, 13.00–96.50) 38.29 (19.50, 11.25–85.40) 0.7966

BMI [kg/m2] 18.26 (3.22, 13.18–27.96) 18.58 (3.91, 14.33–31.48) 0.9913

BMI z‑score 0.30 (1.02, − 2.97–3.81) 0.28 (0.81, − 1.42–2.16) 0.9848

Height [m] 1.385 (0.279, 0.920–1.993) 1.377 (0.248, 0.875–1.793) 0.8577

Height z‑score 0.22 (1.10, − 1.79–3.39) 0.06 (1.01, − 2.13–2.66) 0.4121

T1D T1D + CD P

Mean (SD, min–max)

N = 150 N = 16

Weight [kg] 38.89 (19.84, 11.25–96.5) 34.31 (24.48, 13.0–85.4) 0.1431

BMI [kg/m2] 18.50 (3.42, 17.92–31.48) 17.98 (5.08, 13,18–30.16) 0.1463

BMI z‑score 0.33 (0.87, 1.45–3.82) 0.25 (1.20, − 2.97–1.70) 0.7603

Height [m] 1.394 (0.257, 0.875–1.993) 1.268 (0.276, 0.920–1.760) 0.8822

Height z‑score 0.13 (1.05, − 2.13–3.39) 0.17 (1.10, − 1.81–2.31) 0.0986
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Table  4 Prevalence of celiac disease predisposing alleles and their configurations in Lower Silesia children with type 1 diabetes

Allele: I II P OR (95% CI)

T1D T1D + CD

N = 150 N = 16

HLA DQ2.2 23 (15.3%) 3 (18,8%) 0.5283 1.27 (0.34–4.84)

HLA DQ2.5 75 (50.0%) 13 (81,3%) 0.0220 1.0 (0.43–2.30)

HLA DQ8 93 (62.0%) 13 (81,3%) 0.0921 0.61 (0.27–1.41)

HLA DQ2.2/DQ2.5 6 (4.0%) 2 (12.5%) 0.4355 3.43 (0.63–18.61)

HLA DQ2.2/DQ8 12 (8.0%) 1 (6.25%) 0.5980 0.77 (0.09–6.31)

HLA DQ2.5/DQ8 36 (24.0%) 10 (62.5%) 0.0045 5.28 (1.79–15.53)

HLA DQ2.2 only 5 (3.3%) 0 0.6665 0.80 (0.04–15.16)

HLA DQ2.5 only 29 (19.3%) 1 (6,3%) 0.3061 0.28 (0.03–2.19)

HLA DQ8 only 42 (28.0%) 2 (12,5%) 0.1257 0.37 (0.08–1.67)

HLA DQ2/DQ8 negative 20 (13.3%) 0  < 0.0001 0.19 (0.11–3.34)
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Fig. 2 a. Prevalence of different celiac disease predisposing alleles in children with type 1 diabetes and celiac disease. b. Prevalence of different 
configurations of celiac disease predisposing haplotypes in children with type 1 diabetes and celiac disease
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period from 4.2 to 9.8%. In European countries, the co-
existence of T1D and CD was most commonly observed 
in Denmark and Sweden (10.4% and 9.67% respectively), 
and least often in Portugal (2.5%), Spain (3.02%) and 
Greece (3.37%) [41]. This discrepancy may be explained 
by lower prevalence of HLA haplotypes DR3 and HLA 
DQB1 * 0201 in these populations [42].

It should be noted, however, that the currently obtained 
results indicate that "double" diagnosis of T1D and CD is 
significantly more frequent in children with T1D from 
the region of Lower Silesia than in previous years. The 
survey from our center from years 2006–2009 revealed 
that CD was diagnosed in 3.9% diabetic patients, includ-
ing in 1.7% of children with newly disclosed T1D and 
5.7% of children with longer-lasting diabetes [43]. On 
the other hand, Szalecki et  al. [44] have confirmed the 
combination of these diseases in 2.5% of children with 
newly diagnosed T1D. This difference may be due to the 
increasing incidence of CD in the general population, as 
well as the shift of the peak incidence of diabetes towards 
younger children, and thus – with a greater risk of devel-
oping CD [45, 46]. CD most commonly is presented in 
the third-fourth year of diabetes duration, and the onset 
of diabetes earlier in life is mentioned among the fac-
tors increasing the risk of CD [47]. In our study group 
patients with a dual diagnosis of diabetes and CD were 
the age as the patients with T1D only, also age of diabe-
tes diagnosis was similar (data not shown). Cerrutti et al. 
[47] concluded that a risk of developing CD is three times 

higher in children in whom diabetes presented before 
4  years of age, compared to those who were diagnosed 
after 9 years of age. This was not confirmed in our study, 
which may also result from a small number of children 
examined. In the analyzed group 4/16 children with dual 
diagnosis were diagnosed before 4 years of age with T1D 
and 5/16 of these patients had developed diabetes after 
9  years of age. In addition, in three  cases celiac disease 
was diagnosed together with T1D.

The increased incidence of CD in T1D patients is 
due to a common genetic background comprising the 
HLA genotype DR3-DQ2 [21, 48]. The prevalence of 
HLA DQ2 is estimated at 90–95% of patients with CD, 
55% of patients with diabetes and about 20–30% of the 
general population [49, 50]. The results obtained in our 
study correspond with this data. In the analyzed group, 
the HLA DQ2 haplotype was present in 60.8% of all sur-
veyed children, including in seven of them (4.2%) that 
showed the presence of both variants of this gene: HLA 
DQ2.2/DQ2.5. In the group of children with a dual diag-
nosis of T1D and CD, the dominant HLA haplotype was 
DQ2 which occurred in 14/16 (87.5%) of children. HLA 
DQ2.5 was found in 13/16 (81.3%) of patients and in two 
children both HLA DQ2.2 and DQ2.5 were found. In the 
same number of children (13/16, 83.3%) T1D and CD, 
HLA DQ8 was revealed.

Approximately 90% of patients with CD present HLA-
DQ2 heterodimers (HLA DQ2.5), inherited together on 
the same chromosome or separately on two homologous 

Fig. 3 Celiac disease predisposing haplotypes in type 1 diabetes patients. T1D – type 1 diabetes, CD—Celiac disease



Page 8 of 11Zubkiewicz‑Kucharska et al. Diabetology & Metabolic Syndrome          (2022) 14:128 

chromosomes (cis or trans configuration, respectively) 
[13]. Megiorni et  al. [51] in their study have found that 
the risk of developing CD is associated with a specific 
HLA-DQ status. It was confirmed that the presence of 
DQ2 and DQ8 dimers increased the likelihood of devel-
oping CD in each case. However, differences in the inci-
dence of disease have been demonstrated for patients 
with one or two copies of the predisposing DQB1 alleles. 
Gliadin epitopes bind to receptors on antigen present-
ing cells (APC) in both HLA DQ2.2 and DQ2.5 patients. 
However, it has been shown that in HLA DQ2.5 individu-
als, binding of the APC receptor to gliadin is more sta-
ble, and therefore it is presented to T lymphocytes for a 
longer period. This explains the higher incidence of CD 
in HLA DQ2.5 patients in comparison to HLA DQ2.2 
patients [52]. Moreover, these antigens show immune 
responses to various epitopes within gliadin. The coexist-
ence of both HLA DQ2 variants enables the presentation 
of more gliadin epitopes to T lymphocytes, and thus a 
stronger immune response, the increased risk of CD and 
a more aggressive course [13, 53].

Another allele predisposing to CD, HLA DQ8, also car-
ries the risk of developing T1D. Its prevalence in patients 
with CD is estimated at 5–10% which that is comparable 
to the general population. Nearly all HLA DQ2.5 negative 
patients carry HLA DQ8 heterodimers [13]. In our analy-
sis, the HLA DQ8 antigen was the most frequently found, 
occurring in 62% of patients. Eighty percent of patients 
with a dual diagnosis had the HLA DQ8 haplotype, 
including 70% of these children where its coexistence 
with HLA DQ2. For comparison, in the Danish study 
the presence of this haplotype was demonstrated in 60% 
of patients with T1D and CD, including 36% of patients 
with HLA DQ8 only, and in another 24% of coexistence 
of this allele with the HLA DQ2 [49]. In this study, how-
ever, the assessment of the haplotype was performed only 
in patients with CD confirmed by high antibody titer 
and a histopathological examination. The discrepancy 
between our analysis and the study by Hansen et al. [49] 
is most likely due to a smaller group of children with a 
dual diagnosis in the population we have examined.

Only about 1% of people with CD do not have HLA 
DQ2 or DQ8, therefore it is believed that the absence of 
HLA DQ2 or HLA DQ8 antigens virtually excludes the 
diagnosis of CD [26, 31]. In HLA DQ2/DQ8-negative 
CD patients, false negative results should be excluded, 
which may result from insufficiently detailed examina-
tion aimed at identifying less frequent alleles predis-
posing to CD. If the results of genetic tests (HLA DQ2/
DQ8- negative) do not correlate with the results of his-
topathological tests of the duodenal biopsies (positive 
for CD), it indicates the necessity of re-evaluation of the 
pathologist at the reference center in order to verify the 

result and exclude the initially false positive result [26]. 
All our patients with a dual diagnosis show the presence 
of HLA DQ2 and/or DQ8 alleles. In the already cited 
study by Hansen et al. [49], in one patient (out of thirty-
three subjects) with a histopathological confirmation of 
the diagnosis of CD, none of the predisposing alleles were 
found. Most studies indicate that patients with CD with-
out genetic markers, however, meet the diagnostic cri-
teria for irritable bowel syndrome. It is assumed that in 
these patients atrophy of intestinal villi is rather associ-
ated with factors other than gluten toxicity, e.g. recurrent 
diarrhea, and the initial diagnosis was incorrect [50]. It 
should be noted that none of our patients had the clas-
sic symptoms of CD, while the symptoms reported by the 
parents were constipation, recurrent “unexplained” hypo-
glycemia episodes and deterioration in glycemic control. 
Our observations are consistent with reports in the lit-
erature-the authors of the current ESPGHAN guidelines 
for the diagnosis of CD point out that the occurrence of 
constipation in the course of CD is reported almost as 
often as diarrhea [26]. According to the APC classifica-
tion (age at diagnosis, presentation, complications) the 
typical symptoms of celiac disease include chronic diar-
rhea, malnutrition or malabsorption, failure to thrive and 
short stature, therefore constipation and poor glycemic 
control were not considered to be symptoms of classic 
celiac disease [54]. It is important to point out that the 
classical CD classification is being questioned nowadays. 
A review by Caio et  al. [37] shows that symptoms con-
sidered ‘classic’ occurred only in approximately 27% of 
patients with CD. The authors proposed therefore the 
following classification: gastrointestinal, extraintestinal, 
subclinical, potential, seronegative, non-responsive, and 
refractory, however the symptoms may coexist. Further-
more, it should be emphasized that currently there is no 
single division of celiac disease, therefore constipation, as 
well as deterioration of metabolic control in concomitant 
T1D, may be considered non-classical symptoms of CD 
[37]. Metabolic control and anthropometric parameters 
were comparable in children with a dual diagnosis of 
T1D and CD to the group of children with T1D only.

The main limitation of the study is the small number 
of individuals surveyed and its retrospective nature. The 
original idea was to genetically screen all patients with 
diabetes that are treated in our Center, in order to iden-
tify those who will not be screened for CD in the follow-
ing years due to the negative haplotype. We presented in 
our paper the first 166 patients (out of the 1000 cohort) 
genetically tested for CD-predisposing haplotype. After-
wards the genetic testing of the population was discon-
tinued because the analysis showed that waiving the 
annual serological CD-screening is only possible in 12% 
of patients, and therefore performing the genetic test in 
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every patient seemed to be economically unprofitable, 
however it has not been precisely calculated. In our study, 
HLA-DQ2DQ8 determination was performed using 
PCR-based method, considered complicated and expen-
sive, which greatly limited its applicability as a population 
screening for CD genetic predisposition. Monsuur et al. 
[55] presented a highly accurate method of HLA allele 
determination based on Tag Single Nucleotide Polymor-
phisms (SNPs), proving that testing only 6 SNPs is has a 
sensitivity of > 0.991, specificity > 0.996, and a predictive 
value > 0.948. Such method is also much cheaper com-
paring to the one we have used and provides an excellent 
basis for population screening for CD. Unfortunately, our 
study is also too small to perform the haplotype distribu-
tion. Obviously, as T1D and CD share HLA genes, espe-
cially the alleles for DQ8, the search for more alleles of 
type DQ2 and DQ7 might allow to expand the negative 
predictive profile of the sample [55].

In conclusions, it should be stated that patients with 
T1D are at greater risk of developing other autoimmune 
diseases [26]. CD is one of the most common autoim-
mune diseases associated with T1D [56]. Delaying the 
diagnosis of CD may adversely affect the course of dia-
betes. Therefore, it is reasonable to perform systematic 
screenings for the most common comorbid autoimmune 
diseases, including CD [26]. In questionable cases of CD 
with discrepant serology and histopathology results, HLA 
testing may be a useful tool identify the individuals who 
are at-risk of developing CD and those without genetic 
predisposition to develop CD. The prevalence of HLA 
DQ2.5 and the HLA DQ2.5 / HLA DQ8 configuration is 
higher in patients with T1D, and CD compared to chil-
dren with T1D alone (p = 0.0220 and p = 0.0045, respec-
tively). The combination of HLA DQ2 and HLA DQ8 
most significantly increases the risk of developing CD. 
Furthermore, it may be used as a screening test for first-
degree relatives of CD or T1D patients, as the incidence 
of CD among them is higher. HLA DQ2/DQ8 positive 
individuals would require regular clinical and serological 
monitoring. Moreover, HLA typing may be considered in 
genetic counseling to determine the risk of disease [57, 
58]. Unfortunately, due to shared genetic predisposition, 
the group of patients with T1D who will not need routine 
systematic immunological testing for CD is small. In the 
remaining cases—in which the HLA DQ2 / DQ8 result 
is positive—they will require further regular monitoring 
for the presence of antibodies, especially since most cases 
are asymptomatic. Therefore, routine HLA typing tests 
in patients with T1D seems to be unprofitable. However, 
this requires detailed analyzations based on clinical trials 
on large groups of patients [26].

Author contributions
AZ‑K: Conceptualization (lead); Investigation (lead); Methodology (lead); 
Formal analysis (lead); Writing—original draft (equal); Writing—review and 
editing (equal). TJ—Conceptualization (supporting); Writing—original draft 
(equal); Writing—review and editing (equal). JC: Conceptualization (support‑
ing); Methodology (supporting); Writing—original draft (equal); Writing—
review and editing (equal); KA: Conceptualization (supporting); Writing – origi‑
nal draft (equal); Writing—review and editing (equal). TP—Writing‑ review and 
editing (equal); Supervision (equal). AS—Writing‑ review and editing (equal); 
Supervision (equal). AN: Conceptualization (supporting), Formal analysis (sup‑
porting); Writing—review and editing (equal); Supervision (equal). All authors 
read and approved the final manuscript.

Funding
This research received no external funding.

Availability of data and materials
The data presented in this study are available on request from the correspond‑
ing author. The data are not publicly available due to the content of personal 
data of patients.

Declarations

Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of 
Helsinki. The study was approved by Ethics Committee of Wroclaw Medical 
University ‑ No. KB‑488/2022. All the procedures being performed were part of 
the routine care.
Patient consent for the participation in the clinical study was waived due 
to the retrospective nature of the study and the use of data from patients’ 
medical records only for the purpose of carrying out the study in the form 
of anonymous statistical data. Informed consent for the genetic testing was 
obtained from legal guardians of all patients and all patients that are > 16 years 
of age, according to the Polish law.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest. The funders had no role in the 
design of the study; in the collection, analyses, or interpretation of data; in the 
writing of the manuscript, or in the decision to publish the results.

Clinical trial registration number
Not applicable.

Author details
1 Department of Pediatric Endocrinology and Diabetology for Children 
and Adolescents, Wroclaw Medical University, Wroclaw, Poland. 2 Department 
of Pediatrics, Gastroenterology and Nutrition, Wroclaw Medical University, 
Wroclaw, Poland. 

Received: 10 June 2022   Accepted: 17 August 2022

References
 1. Parzanese I, et al. Celiac disease: from pathophysiology to treatment. 

World J Gastrointest Pathophysiol. 2017;8(2):27–38.
 2. López Casado M, et al. Celiac disease autoimmunity. Arch Immunol Ther 

Exp. 2018;66:423–30.
 3. Lebwohl B, Sanders DS, Green PHR. Coeliac disease. Lancet. 

2018;391(10115):70–81.
 4. Schuppan D. Current concepts of celiac disease pathogenesis. Gastroen‑

terology. 2000;119(1):234–42.
 5. Sharma N, et al. Pathogenesis of celiac disease and other gluten related 

disorders in wheat and strategies for mitigating them. Front Nutr. 
2020;7:6–6.



Page 10 of 11Zubkiewicz‑Kucharska et al. Diabetology & Metabolic Syndrome          (2022) 14:128 

 6. Houlston RS, Ford D. Genetics of coeliac disease. QJM. 
1996;89(10):737–43.

 7. Sciurti M, et al. Genetic susceptibilty and celiac disease: what role do HLA 
haplotypes play? Acta Biomed. 2018;89(9‑s):17–21.

 8. McDonald WC, Dobbins WO 3rd, Rubin CE. Studies of the familial 
nature of celiac sprue using biopsy of the small intestine. N Engl J Med. 
1965;272:448–56.

 9. Dubois PC, et al. Multiple common variants for celiac disease influencing 
immune gene expression. Nat Genet. 2010;42(4):295–302.

 10. Zhernakova A, et al. Meta‑analysis of genome‑wide association studies 
in celiac disease and rheumatoid arthritis identifies fourteen non‑HLA 
shared loci. PLoS Genet. 2011;7(2):e1002004.

 11. Hrdlickova B, et al. Celiac disease: moving from genetic associations to 
causal variants. Clin Genet. 2011;80(3):203–313.

 12. Spurkland A, et al. Dermatitis herpetiformis and celiac disease are both 
primarily associated with the HLA‑DQ (alpha 1*0501, beta 1*02) or 
the HLA‑DQ (alpha 1*03, beta 1*0302) heterodimers. Tissue Antigens. 
1997;49(1):29–34.

 13. Megiorni F, Pizzuti A. HLA‑DQA1 and HLA‑DQB1 in celiac disease predis‑
position: practical implications of the HLA molecular typing. J Biomed Sci. 
2012;19(1):88.

 14. Bourgey M, et al. HLA related genetic risk for coeliac disease. Gut. 
2007;56(8):1054–9.

 15. Wolters VM, Wijmenga C. Genetic background of celiac disease and its 
clinical implications. Am J Gastroenterol. 2008;103(1):190–5.

 16. Johnson TC, et al. Relationship of HLA‑DQ8 and severity of celiac disease: 
comparison of New York and parisian cohorts. Clin Gastroenterol Hepatol. 
2004;2(10):888–94.

 17. Karell K, et al. HLA types in celiac disease patients not carrying the 
DQA1*05‑DQB1*02 (DQ2) heterodimer: results from the European genet‑
ics cluster on celiac disease. Hum Immunol. 2003;64(4):469–77.

 18. Harmon GS, Lebeck LK, Weidner N. Gluten‑dependent enteropathy and 
atypical human leukocyte antigen alleles. Hum Pathol. 2011;42(8):1112–6.

 19. Schirru E, et al. High frequency of low‑risk human leukocyte antigen class 
II genotypes in latent celiac disease. Hum Immunol. 2011;72(2):179–82.

 20. Barera G, et al. Occurrence of celiac disease after onset of type 1 diabetes: 
a 6‑year prospective longitudinal study. Pediatrics. 2002;109(5):833–8.

 21. Larsen J, et al. Effect of Dietary Gluten on Dendritic Cells and Innate 
Immune Subsets in BALB/c and NOD Mice. PLoS ONE. 2015;10(3): 
e0118618.

 22. Sumnik Z, et al. Risk of celiac disease in children with type 1 diabetes is 
modified by positivity for HLA‑DQB1*02‑DQA1*05 and TNF‑308A. Diabe‑
tes Care. 2006;29(4):858–63.

 23. Erlich H, et al. HLA DR‑DQ haplotypes and genotypes and type 1 diabetes 
risk: analysis of the type 1 diabetes genetics consortium families. Diabe‑
tes. 2008;57(4):1084–92.

 24. Farina F, et al. HLA‑DQA1 and HLA‑DQB1 alleles, conferring susceptibility 
to celiac disease and type 1 diabetes, are more expressed than non‑
predisposing alleles and are coordinately regulated. Cells. 2019;8(7):751.

 25. Assor E, et al. Design of a dietary intervention to assess the impact of a 
gluten‑free diet in a population with type 1 diabetes and celiac disease. 
BMC Gastroenterol. 2015;15:181–181.

 26. Husby S, et al. European society paediatric gastroenterology, hepatology 
and nutrition guidelines for diagnosing coeliac disease 2020. J Pediatr 
Gastroenterol Nutr. 2020;70(1):141–56.

 27. Araszkiewicz A, et al. Guidelines on the management of patients with 
diabetes A position of Diabetes Poland. Clin Diabetol. 2021;10(1):1–113.

 28. Mahmud FH, et al. ISPAD clinical practice consensus guidelines 2018: 
other complications and associated conditions in children and adoles‑
cents with type 1 diabetes. Pediatr Diabetes. 2018;19 Suppl 27(Suppl 
27):275–86.

 29. Abid N, et al. Clinical and metabolic effects of gluten free diet in children 
with type 1 diabetes and coeliac disease. Pediatr Diabetes. 2011;12(4 Pt 
1):322–5.

 30. Taler I, et al. Growth and metabolic control in patients with type 1 diabe‑
tes and celiac disease: a longitudinal observational case‑control study. 
Pediatr Diabetes. 2012;13(8):597–606.

 31. Leonard MM, et al. Targeted genotyping for the prediction of celiac 
disease autoimmunity development in patients with type 1 diabetes and 
their family members. World J Diabetes. 2019;10(3):189–99.

 32. Husby S, et al. European society for pediatric gastroenterology, hepatol‑
ogy, and nutrition guidelines for the diagnosis of coeliac disease. J Pediatr 
Gastroenterol Nutr. 2012;54(1):136–60.

 33. Schatz DA, Winter WE. Autoimmune polyglandular syndrome. II: 
clinical syndrome and treatment. Endocrinol Metab Clin North Am. 
2002;31(2):339–52.

 34. Orzan A, et al. The autoimmunity’s footprint in pediatrics: type 1 diabetes, 
coeliac disease. Thyroiditis Maedica. 2017;12(2):136–42.

 35. Leeds JS, et al. High prevalence of microvascular complications in adults 
with type 1 diabetes and newly diagnosed celiac disease. Diabetes Care. 
2011;34(10):2158–63.

 36. Leeds JS, et al. Potential coeliac disease in Type 1 diabetes mellitus: does 
a positive antibody lead to increased complications? Nutr Metab Cardio‑
vasc Dis. 2014;24(4):378–83.

 37. Caio G, et al. Celiac disease: a comprehensive current review. BMC Med. 
2019;17(1):142.

 38. Mejía‑León ME, Ruiz‑Dyck KM, de la Barca AMC. HLA‑DQ genetic risk 
gradient for type 1 diabetes and celiac disease in northwestern Mexico. 
Rev Gastroenterol Mex. 2015;80(2):135–43.

 39. Taczanowska A, et al. Celiac disease in children with type 1 diabetes 
varies around the world: An international, cross‑sectional study of 57 375 
patients from the SWEET registry. J Diabetes. 2021;13(6):448–57.

 40. Głowińska‑Olszewska B, et al. Increasing co‑occurrence of additional 
autoimmune disorders at diabetes type 1 onset among children and 
adolescents diagnosed in years 2010–2018‑single‑center study. Front 
Endocrinol. 2020;11:476. https:// doi. org/ 10. 3389/ fendo. 2020. 00476.

 41. Szaflarska‑Popławska A. Coexistence of coeliac disease and type 1 diabe‑
tes. Prz Gastroenterol. 2014;9(1):11–7.

 42. Rewers M. Epidemiology of celiac disease: what are the prevalence, inci‑
dence, and progression of celiac disease? Gastroenterology. 2005;128(4 
Suppl 1):S47‑51.

 43. Noczyńska A, Bosak‑Prus M, Zubkiewicz‑Kucharska A. Występowanie celi‑
akii oraz chorób autoimmunologicznych tarczycy u dzieci i młodzieży z 
cukrzycą typu 1 z regionu Dolnego Śląska. Pediatr Pol. 2011;86(5):487–91.

 44. Szalecki M, Biernacka‑Florczak ZKI, Domagała Z. Występowanie celiakii 
u dzieci i młodzieży ze świeżo rozpoznaną cukrzycą typu 1. Endokrynol 
Ped. 2007;2(19):23–8.

 45. Chobot A, et al. Incidence of type 1 diabetes among Polish children ages 
0–14 years from 1989–2012. Acta Diabetol. 2015;52(3):483–8.

 46. Rewers M, Eisenbarth GS. Autoimmunity: celiac disease in T1DM‑the 
need to look long term. Nat Rev Endocrinol. 2011;2011(8):7–8.

 47. Cerutti F, et al. Younger age at onset and sex predict celiac disease in chil‑
dren and adolescents with type 1 diabetes: an Italian multicenter study. 
Diabetes Care. 2004;27(6):1294–8.

 48. Camarca ME, et al. Celiac disease in type 1 diabetes mellitus. Ital J Pediatr. 
2012;38:10.

 49. Hansen D, et al. Clinical benefit of a gluten‑free diet in type 1 dia‑
betic children with screening‑detected celiac disease: a population‑
based screening study with 2 years’ follow‑up. Diabetes Care. 
2006;29(11):2452–6.

 50. Kowalski M, Domżał‑Magrowska D, Małecka‑Panas E. Częstość 
występowania antygenów HLA DQ2 oraz DQ8 wśród pacjentów z Polski 
z dawno rozpoznaną chorobą trzewną. Terapia. 2014;9(2):61–5.

 51. Megiorni F, et al. HLA‑DQ and risk gradient for celiac disease. Hum Immu‑
nol. 2009;70(1):55–9.

 52. Fallang LE, et al. Differences in the risk of celiac disease associated with 
HLA‑DQ2.5 or HLA‑DQ2.2 are related to sustained gluten antigen presen‑
tation. Nat Immunol. 2009;10(10):1096–101.

 53. Bodd M, et al. T‑cell response to gluten in patients with HLA‑DQ2.2 
reveals requirement of peptide‑MHC stability in celiac disease. Gastroen‑
terology. 2012;142(3):552–61.

 54. Sood A, et al. A simple phenotypic classification for celiac disease. Intest 
Res. 2018;16(2):288–92.

 55. Monsuur AJ, et al. Effective detection of human leukocyte antigen risk 
alleles in celiac disease using tag single nucleotide polymorphisms. PLoS 
ONE. 2008;3(5): e2270.

 56. Cohn A, Sofia AM, Kupfer SS. Type 1 diabetes and celiac disease: clinical 
overlap and new insights into disease pathogenesis. Curr Diab Rep. 
2014;14(8):517.

https://doi.org/10.3389/fendo.2020.00476


Page 11 of 11Zubkiewicz‑Kucharska et al. Diabetology & Metabolic Syndrome          (2022) 14:128  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 57. Choung RS, et al. Celiac disease risk stratification based on HLA‑DQ 
heterodimer (HLA‑DQA1~DQB1) typing in a large cohort of adults with 
suspected celiac disease. Hum Immunol. 2020;81(2–3):59–64.

 58. Bakker SF, et al. Screening for coeliac disease in adult patients with type 
1 diabetes mellitus: myths, facts and controversy. Diabetol Metab Syndr. 
2016;8(1):51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Prevalence of haplotype DQ2DQ8 and celiac disease in children with type 1 diabetes
	Abstract 
	Introduction
	Aim of the study

	Material and methods
	Statistical analysis

	Results
	Discussion
	References




