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Abstract: Background and Objectives. Coeliac disease is an autoimmune disorder provoked by a
dietary group of proteins called gluten in genetically predisposed individuals. Over the past several
decades, the prevalence of coeliac disease has been steadily growing and it is now recognized to
be occurring worldwide. The prevalence varies greatly between ethnic, racial groups and region-
ally. Such variability makes local epidemiological studies important for spreading awareness and
setting a threshold for suspicion of coeliac disease. We explored the potential application of a quick
point-of-care test for the purpose of detecting a presence of IgA class TG2 antibodies for coeliac
disease and screening in a Lithuanian pediatric population. Previously, there were no data regarding
coeliac disease prevalence in Lithuania. Materials and Methods. Overall, we included 1458 children
11-13 years of age from several Lithuanian schools selected randomly in this study. Utilizing one
point-of-care test using a single blood sample taken from a fingertip, we identified the existence of
IgA class TG2 antibodies. Only children whose parents gave consent were enrolled in the study.
Those with positive IgA class TG2-ab were directed to a tertiary hospital for additional clinical
assessment and confirmation of suspected coeliac disease. Results. A total of two (0.14%) of the
1458 enrolled children were detected with the presence of TG2 antibodies and the coeliac disease diag-
nosis was further confirmed with histological examination of duodenal biopsy samples. Additionally,
we checked that patients had not previously reported any clinical symptoms and signs that could
suggest coeliac disease or any other disease of the gastrointestinal tract. Conclusions. The detected
prevalence of coeliac disease in the Lithuanian pediatric population is 1:729. The rapid finger prick
test for the presence of IgA class TG2 antibodies is a reasonable and accurate method to screen for
celiac disease in children.
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1. Introduction

Coeliac disease is an autoimmune disorder that primarily affects the small bowel. It
is a result of an aberrant immunological response to dietary gluten in individuals with
a genetic susceptibility [1]. Gluten is a general term for a group of proteins found in
wheat, barley, and rye, which are not fully digested in human intestines. These partial
digestion products—glutenin and gliadin peptides—are immunogenic and can trigger
complex immune responses that lead to enteropathy and extraintestinal manifestations [2].
According to the European Society of Paediatric Gastroenterology Hepatology and Nutri-
tion (ESPGHAN) guidelines, diagnostics are based on a positive serological test of IgA class
anti-transglutaminase and anti-endomysial (EMA) antibodies and in some cases duodenal
biopsy specimen examination is required [3]. Currently, the only treatment is a life-long
diet without any gluten.

Historically, it was thought that coeliac disease predominantly occurred in northern
and western Europe, but with the betterment of diagnostic methods and greater knowledge
regarding the disease it is now recognized to be occurring worldwide [4]. Prevalence
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depends on the diagnostic methods used and is considered to be 1.4% detected with
serological testing and 0.7% after performing duodenal biopsy specimen examination
worldwide. In the general population, it varies depending on the geographical location
(being highest in Europe and Oceania regions (0.8%), while the smallest is reported to be
in South America (0.4%) [5]. Children are affected more frequently than adults (0.9% vs.
0.5%) [6]. Moreover, the incidence has been increasing over the previous decades, and such
a rise in numbers of coeliac disease cannot be attributed only to better diagnostic methods
and awareness. It may be that changes in gluten consumption and feeding practices are
contributing to the increase in coeliac disease prevalence [2,7].

The prevalence of coeliac disease can vary not only between ethnic or racial groups [8],
but there are also great regional differences, which highlights the environmental factor
significance in the pathogenesis of coeliac disease [9,10]. Such variability in prevalence
rates shows the importance of regional epidemiological studies. Data derived from such
studies would help to set a threshold for screening and increase awareness. We provide the
first data about coeliac disease prevalence in Lithuania.

2. Materials and Methods
2.1. Study Methodology and Participant Description

The study was conducted in Vilnius University Children’s Hospital. We screened
1458 schoolchildren (714 girls and 744 boys) 11-13 years old for coeliac disease in
two Lithuanian cities, from January 2009 to March 2010 in Vilnius and from Septem-
ber to December 2014 in Alytus. Six separate schools were randomly selected in Vilnius
and one in Alytus. We asked 2261 schoolchildren to participate in the study: 1583 from
Vilnius and 678 from Alytus. Of these possible participants, a total of 1494 (66.1%) children
and 1510 (66.8%) parents signed informed consent forms in order to participate. According
to our national requirements, the children were included when both personal and parents’
agreements were received. At the time of the investigation thirty-six students who could
potentially have been included in the study were absent from school. The final cohort was
made up of 1000 adolescents (496 females and 504 males) from Vilnius and 458 (218 females
and 240 males) from Alytus.

The voluntary testing was performed at schools by the same, fifth-year student of
medicine from the Vilnius University Faculty of Medicine who was sulfficiently informed
and trained for this task beforehand.

The Lithuanian Bioethics Committee (LBC) approved the study recruitment and study
protocol. Adherence of all investigatory methods that involve human subjects to the
ethical standards of the LBC and the 1964 Helsinki Declaration, along with its subsequent
amendments, was maintained.

2.2. Coeliac Disease Testing

The testing for the presence of coeliac disease antibodies and total IgA concentration
was performed, in line with the guidelines provided by the manufacturer, through the
utilization of a commercially available point-of-care test (Biocard™ Coeliac Test, Ani
Biotech, Vantaa, Finland). The Biocard test is a qualitative immunochromatographic
assay capable of concurrently detecting the presence of coeliac-disease-specific IgA TG2
antibodies and IgA. During the investigation, 10 pL of blood, using a capillary tube, was
taken from the study subject’s finger. Then, it was put in a testing tube where capillary
blood was mixed with the buffer solution using shaking. The researcher continued by
dispensing three drops of the prepared mixture, extracted from the test tube, into the cavity
of a single-use chromatographic plate. The results of the test were evaluated shortly after 2
to 5 min. In a previous study, it was shown that the Biocard point-of-care test exhibits a
sensitivity of 78.1% and a specificity of 100% in cases of histologically confirmed coeliac
disease [11]. Additionally, a sensitivity of 96.7% and a specificity of 93.5% were achieved
using preserved patient samples, when compared to the results of EMA antibody and TG2
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antibody tests [12]. The more detailed procedure and our results regarding IgA deficiency
were published in a separate study and will not be elucidated here [13].

The parents were informed if the presence of IgA class TG2-ab or IgA deficiency was
detected. Subsequently, the study subjects were directed to Vilnius University Children’s
Hospital (tertiary-level hospital) for additional testing and further clinical investigation
(namely upper gastrointestinal endoscopy with biopsies). Positive coeliac disease histology
was considered if mucosal changes were classified as Marsh 2 or 3.

During the timeframe of study conduction, a total of 112,990 children between the
ages of 11 and 13 years old lived in Lithuania. In total, 15,138 of those children lived in the
city of Vilnius [14]. Our objective was to determine the prevalence of coeliac disease with
a calculated probability of 90%. To accomplish this task, 1061 children in Lithuania and
1001 in Vilnius had to be included in the study. The projected rate of participation stood at
60%, and for this study, a total of six schools were chosen. We used the program Epi Info
statistics (Centers for Disease Control and Prevention, Atlanta, GA, USA) and Statistical
Package for the Social Sciences software version 22 (SPSS Inc., Chicago, IL, USA) to analyze
the study data. We calculated the celiac disease prevalence rate by placing the total number
of cases in the numerator and the entire population count in the denominator. Finally, we
determined the 95% confidence intervals for the calculated prevalence rate.

3. Results

In total, 1385 (95%) of the participating children belonged to the Lithuanian ethnicity.
Both the examiners and the children found the testing procedure to be uncomplicated,
and no negative effects were reported with the exception of mild fingertip discomfort due
to skin puncture to draw capillary blood. Table 1 displays the distribution of the study
group and the occurrence of IgA class TG2 antibodies based on age and gender. There
were no notable variations in the number of children or gender distribution among the
three age groups.

Table 1. Arrangement of study participants based on gender, age, and presence of IgA class TG2

antibodies.
Girls Boys All
Age (Years)
n % n Y% n %
11 238 16.3 251 17.2 489 33.5
12 243 16.7 253 17.3 496 34.0
13 233 16.0 240 16.5 473 324
11-13 714 49.0 744 51.0 1458 100
Presence of IgA class TG2-ab 1 0.14 1 0.13 2 0.14
Positive coeliac disease histology 1 0.14 1 0.13 2 0.14

In total, 2 out of the 1458 children participating in the study (0.14%) had positive test
results for the TG2 antibody presence: one boy and one girl (both did not have concomitant
IgA deficiency). Subjects were referred to the tertiary hospital and subsequent histological
examination of duodenal biopsy specimens revealed coeliac disease in both (Marsh 2 and
3). The asymptomatic girl had been previously diagnosed with coeliac disease but was not
compliant with recommended treatment and did not adhere to a strict gluten-free diet. The
boy also had no symptoms. Both of these study participants were subsequently placed on
a life-long gluten-free diet.

Based on the Biocard test and specific investigations, selective IgA deficiency was
diagnosed in four asymptomatic children—a boy and a girl both 12 years old and two boys
13 years old. All of them had normal aTG2 IgG levels. In line with our clinical practice
during that period, Esophagogastroduodenoscopy with multiple mucosal biopsies from the
small bowel was offered. The Esophagogastroduodenoscopy was performed on two study
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participants. Each of them had non-pathological microscopic and macroscopic findings.
For the remaining two IgA-deficient subjects, examinations were not performed because
parents refused endoscopy.

4. Discussion

First of all, the primary finding in this investigation was the first data on epidemiology
of coeliac disease in Lithuania. The prevalence of coeliac disease in Lithuanian children was
1:729 (0.14%). We chose a cohort of children aged 11-13 years old because most patients
develop coeliac disease before the age of 10 [15]. In addition, children of this age are less
likely to be afraid of blood sample collection, thus resulting in less stress and a greater
parent satisfaction and participation rate. Children from this age group are also either
pre-pubertal or at the beginning of their puberty. Celiac disease has a potential to impair
pubertal development and growth [5] so the authors believed this age group to be an
optimal study group.

Secondly, the quick fingertip point-of-care test presents a convenient, feasible, and
precise approach for screening coeliac disease in a diverse pediatric population. Easily
implemented, cost-effective methods for coeliac disease diagnostics could play an important
part in mass-screening and gathering epidemiological data [16,17].

A systematic review of the global prevalence of coeliac disease found that the biopsy-
diagnosed pediatric coeliac disease prevalence is 0.9%, while the seroprevalence rate is
usually higher and is believed to be an overestimation [6]. Studies that were included in the
metanalysis showed the prevalence of biopsy-proved coeliac disease ranging from 0.2% to
3.03% in pediatric populations [9,18]. We found a significantly lower prevalence. However,
if compared with neighboring countries, the Lithuanian prevalence is only slightly lower:
0.25% in Polish and 0.34% in Estonian children [19,20].

Bearing in mind that many autoimmune conditions have a positive correlation with
having another autoimmune condition [5], we decided to further explore these prevalence
rates. We reviewed other known autoimmune disease rates and compared them regionally.

In Lithuania, the inflammatory bowel disease (IBD) incidence rate is 8.5/100,000 [21],
which is one of the lowest in Europe [22]. Both IBD and coeliac disease are of an autoim-
mune nature and more prevalent in developed countries. There is also a clear bi-directional
correlation between these diseases [23] and evidence is starting to emerge about the causal
link of these two conditions [24]. Having this in mind, it seems that our findings regarding
coeliac disease prevalence correlate with known epidemiological data about inflammatory
bowel disease in Lithuania.

Another autoimmune disorder is type 1 diabetes mellitus (T1DM), which has a positive
correlation and proven link to coeliac disease [25]. The prevalence of T1IDM in the adoles-
cent and young adult Lithuanian population is 83.5/88.4 (male/female) per 100,000 [26],
with the incidence being 10.5 per 100,000 inhabitants per year [27]. It is comparable to
neighboring countries with Belarus having 7.26/100,000 per year [28], Poland having
11.9 [29], and Latvia having 7.4 [30]. However, other countries in the region seem to have
higher TIDM incidence rates: Estonia—17.2/100,000 per year [31], Finland—42.9 [32], and
Sweden—43.9 [33]. The pooled incidence of type 1 diabetes in Europe is 15 per a population
of 100,000 [34]. Such data correlates with coeliac disease distribution, Lithuania being on
the lower end of the incidence spectrum.

It is worth keeping in mind that data for this study were collected in 2009-2014.
Considering the gradually increasing incidence and prevalence of coeliac disease, it may be
that current rates are higher in Lithuania and additional epidemiological studies would
be needed to confirm that [7]. However, it is the first epidemiological study regarding
pediatric celiac disease prevalence in Lithuania and these data can be important for research,
awareness, and regional health-related policy making. The most important strength of this
study is a nationally representative and well-defined study cohort. A major limitation is
the low number of diagnosed coeliac disease cases. This could reduce the study’s statistical
accuracy. Another limitation is that two of four children with diagnosed IgA deficiency did
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not agree to further endoscopic evaluation. Children with IgA deficiency more commonly
have concomitant celiac disease and there is a possibility that one or both might have had
this comorbidity. In such a case, the prevalence would be 0.21% or 0.27%, respectively,
which is lower than in other countries. Finally, even though it is easy to utilize and cost-
effective, the sensitivity and specificity of the used Biocard point-of-care test are lower
compared to the serum anti-TG2 antibody and anti-endomysial antibody tests. This reduces
the impact of this study.

5. Conclusions

The prevalence of coeliac disease in the pediatric population of Lithuania is 0.14%. The
quick fingertip point-of-care test is suitable and easily appliable for population screening
for coeliac disease and is also an accurate and practical method in outpatient settings.

Author Contributions: Conceptualization: V.U. Methodology: J.S. and V.U. Software and validation:
J.S. and V.U. Formal analysis: ]J.S., D.V. and V.U. Investigation and resources: ].S. and V.U. Data
curation: V.U. Writing—original draft preparation: J.S. and D.V. Writing—review and editing: J.S.,
D.V. and V.U. Visualization: J.S. and D.V. Supervision and project administration: V.U. Funding
acquisition: V.U. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol and recruitment were approved by
the Lithuanian Bioethics Committee (protocol name: “Vilniaus m. 11-13 m. vaiku sergamumas
celiakija”, code 2009-01-07 Nr.: 1, date of approval 16 December 2008). All procedures involving
human participants were in accordance with the ethical standards of the committee and with the
1964 Helsinki Declaration and its later amendments.

Informed Consent Statement: All study children and their parents gave written informed consent
to participate.

Data Availability Statement: The data presented in this study are available within the article.

Conflicts of Interest: Urbonas, Sadauskaite, and Varnas declare no conflict of interest.

References

1.  Jimenez, ].; Loveridge-Lenza, B.; Horvath, K. Coeliac Disease in Children. Pediatr. Clin. N. Am. 2021, 68, 1205-1219. [CrossRef]
[PubMed]

2. Horton, R.K.; Hagen, C.E.; Snyder, M.R. Pediatric Coeliac Disease: A Review of Diagnostic Testing and Guideline Recommenda-
tions. J. Appl. Lab. Med. 2022, 7, 294-304. [CrossRef] [PubMed]

3. Husby, S.; Koletzko, S.; Korponay-Szabd, I.; Kurppa, K.; Mearin, M.L.; Ribes-Koninckx, C.; Shamir, R.; Troncone, R.; Auricchio, R,;
Castillejo, G.; et al. European Society Paediatric Gastroenterology, Hepatology and Nutrition Guidelines for Diagnosing Coeliac
Disease 2020. J. Pediatr. Gastroenterol. Nutr. 2020, 70, 141-156. [CrossRef]

4. Lebwohl, B.; Rubio-Tapia, A. Epidemiology, Presentation, and Diagnosis of Coeliac Disease. Gastroenterology 2021, 160, 63-75.
[CrossRef] [PubMed]

5. Singh, P; Arora, A.; Strand, T.A,; Leffler, D.A.; Catassi, C.; Green, P.H.; Kelly, C.P.; Ahuja, V.; Makharia, G.K. Global Prevalence of
Coeliac Disease: Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2018, 16, 823-836.€2. [CrossRef]

6.  Sahin, Y. Celiac disease in children: A review of the literature. World |. Clin. Pediatr. 2021, 10, 53-71. [CrossRef]

7. King, J.A,; Jeong, J.; Underwood, EE.; Quan, J.; Panaccione, N.; Windsor, ].W.; Coward, S.; de Bruyn, J.; Ronksley, P.E,;
Shaheen, A.-A; et al. Incidence of Coeliac Disease Is Increasing Over Time: A Systematic Review and Meta-analysis. Am. |.
Gastroenterol. 2020, 115, 507-525. [CrossRef]

8. Choung, R.S; Ditah, I.C.; Nadeau, A.M.; Rubio-Tapia, A.; Marietta, E.V.; Brantner, T.L.; Camilleri, M.].; Rajkumar, V.S.; Landgren,
O.; Everhart, J.E.; et al. Trends and Racial/Ethnic Disparities in Gluten-Sensitive Problems in the United States: Findings from the
National Health and Nutrition Examination Surveys From 1988 to 2012. Am. J. Gastroenterol. 2015, 110, 455-461. [CrossRef]

9. Kondrashova, A.; Mustalahti, K.; Kaukinen, K.; Viskari, H.; Volodicheva, V.; Haapala, A.; llonen, J.; Knip, M.; Maki, M.;

Hyoty, H.; et al. Lower economic status and inferior hygienic environment may protect against coeliac disease. Ann. Med. 2008,
40, 223-231. [CrossRef]


https://doi.org/10.1016/j.pcl.2021.07.007
https://www.ncbi.nlm.nih.gov/pubmed/34736585
https://doi.org/10.1093/jalm/jfab143
https://www.ncbi.nlm.nih.gov/pubmed/34996069
https://doi.org/10.1097/MPG.0000000000002497
https://doi.org/10.1053/j.gastro.2020.06.098
https://www.ncbi.nlm.nih.gov/pubmed/32950520
https://doi.org/10.1016/j.cgh.2017.06.037
https://doi.org/10.5409/wjcp.v10.i4.53
https://doi.org/10.14309/ajg.0000000000000523
https://doi.org/10.1038/ajg.2015.8
https://doi.org/10.1080/07853890701678689

Medicina 2023, 59, 1630 60f7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Stahl, M.; Li, Q.; Lynch, K.; Koletzko, S.; Mehta, P.; Gragert, L.; Norris, ] M.; Andrén Aronsson, C.; Lindfors, K.; Kurppa, K.; et al.
Incidence of Pediatric Coeliac Disease Varies by Region. Am. J. Gastroenterol. 2023, 118, 539-545. [CrossRef]

Korponay-Szabg, L.R.; Szabados, K.; Pusztai, J.; Uhrin, K.; Ludmany, E.; Nemes, E.; Kaukinen, K.; Kapitany, A.; Koskinen, L.;
Sipka, S.; et al. Population screening for coeliac disease in primary care by district nurses using a rapid antibody test: Diagnostic
accuracy and feasibility study. BM]J 2007, 335, 1244-1247. [CrossRef]

Raivio, T.; Kaukinen, K.; Nemes, E.; Laurila, K.; Collin, P.,; Kovacs, J.B.; Maki, M.; Korponay-Szabo, I.R. Self transglutaminase-based
rapid coeliac disease antibody detection by a lateral flow method. Aliment. Pharmacol. Ther. 2006, 24, 147-154. [CrossRef]
Urbonas, V.; Sadauskaite, J.; Cerkauskiene, R.; Kaminskas, A.; Méki, M.; Kurppa, K. Population-Based Screening for Selective
Immunoglobulin A (IgA) Deficiency in Lithuanian Children Using a Rapid Antibody-Based Fingertip Test. Med. Sci. Monit. 2016,
22,4773-4778. [CrossRef] [PubMed]

Available online: https://osp.stat.gov.lt/statistiniu-rodikliu-analize?hash=192da901-9633-449d-aa8c-3c0760144774#/ (accessed
on 5 January 2009).

Liu, E.; Dong, F; Barén, A.E.; Taki, I.; Norris, ].M.; Frohnert, B.I.; Hoffenberg, E.].; Rewers, M. High Incidence of Coeliac Disease in
a Long-term Study of Adolescents with Susceptibility Genotypes. Gastroenterology 2017, 152, 1329-1336.e1. [CrossRef] [PubMed]
Norstrom, F.; Myléus, A.; Nordyke, K.; Carlsson, A.; Hogberg, L.; Sandstrom, O.; Stenhammar, L.; Ivarsson, A.; Lindholm, L.
Is mass screening for coeliac disease a wise use of resources? A health economic evaluation. BMC Gastroenterol. 2021, 21, 159.
[CrossRef]

Poddighe, D.; Rakhimzhanova, M.; Marchenko, Y.; Catassi, C. Pediatric Coeliac Disease in Central and East Asia: Current
Knowledge and Prevalence. Medicina 2019, 55, 11. [CrossRef] [PubMed]

Almazén, M.V,; Ortega, E.; Moreno Torres, R.; Tovar, M.; Romero, J.; Lépez-Casado, M.A,; Jaimez, L.; Jiménez-Jaimez, J.;
Ballesteros, A.; Caballero-Villarraso, J.; et al. Diagnostic screening for subclinical coeliac disease using a rapid test in children
aged 2-4. Pediatr. Res. 2015, 78, 280-285. [CrossRef] [PubMed]

Szaflarska-Poplawska, A.; Parzecka, M.; Miiller, L.; Placek, W. Screening for coeliac disease in Poland. Med. Sci. Monit. 2009, 15,
PH7-PH11. [PubMed]

Ress, K.; Harro, M.; Maaroos, H.-1.; Harro, J.; Uibo, R.; Uibo, O. High prevalence of coeliac disease: Need for increasing awareness
among physicians. Dig. Liver Dis. 2007, 39, 136-139. [CrossRef]

Burisch, J.; Jess, T.; Martinato, M.; Lakatos, P.L. The burden of inflammatory bowel disease in Europe. J. Crohn’s Colitis 2013, 7,
322-337. [CrossRef]

Burisch, J.; Pedersen, N.; Cukovi¢-Cavka, S.; Brinar, M.; Kaimakliotis, I; Duricova, D.; Shonova, O.; Vind, L; Avnstrem, S.;
Thorsgaard, N.; et al. East-West gradient in the incidence of inflammatory bowel disease in Europe: The ECCO-EpiCom inception
cohort. Gut 2014, 63, 588-597. [CrossRef]

Pinto-Sanchez, M.I.; Seiler, C.L.; Santesso, N.; Alaedini, A.; Semrad, C.; Lee, A.R.; Bercik, P.; Lebwohl, B.; Leffler, D.A.;
Kelly, C.P; et al. Association Between Inflammatory Bowel Diseases and Celiac Disease: A Systematic Review and Meta-Analysis.
Gastroenterology 2020, 159, 884-903.e31. [CrossRef] [PubMed]

Shi, Y.; Feng, S.; Yan, M.; Wei, S.; Yang, K.; Feng, Y. Inflammatory bowel disease and celiac disease: A bidirectional Mendelian
randomization study. Front. Genet. 2022, 13, 928944. [CrossRef]

Barker, ].M.; Liu, E. Celiac Disease: Pathophysiology, Clinical Manifestations, and Associated Autoimmune Conditions. Adv.
Pediatr. 2008, 55, 349-365. [CrossRef] [PubMed]

Ostrauskas, R. The prevalence of type 1 diabetes mellitus among adolescents and adults in Lithuania during 1991-2004. Medicina
2007, 43, 242-250. [CrossRef] [PubMed]

Pundziute-Lyckd, A.; Urbonaite, B.; Ostrauskas, R.; Zalinkevicius, R.; Dahlquist, G.G. Incidence of Type 1 Diabetes in Lithuanians
Aged 0-39 Years Varies by the Urban-Rural Setting, and the Time Change Differs for Men and Women During 1991-2000. Diabetes
Care 2003, 26, 671-676. [CrossRef] [PubMed]

Zalutskaya, A.; Mokhort, T.; Garmaev, D.; Bornstein, S.R. Did the Chernobyl incident cause an increase in Type 1 diabetes mellitus
incidence in children and adolescents? Diabetologia 2004, 47, 147-148. [CrossRef]

Polanska, J.; Deja, G.; Chobot, A.; Jarosz-Chobot, P. The increase of incidence rate of diabetes mellitus type 1(T1DM) among
Silesian children (Poland) still maintains the high tempo, in years 1989-2012. Pediatr. Diabetes 2014, 15, 49-137. [CrossRef]

The DIAMOND Project Group. Incidence and trends of childhood Type 1 diabetes worldwide 1990-1999. Diabet. Med. 2006, 23,
857-866. [CrossRef]

Teeidr, T.; Liivak, N.; Heilman, K.; Kool, P; Sor, R.; Paal, M.; Einberg, U.; Tillmann, V. Increasing incidence of childhood-onset
type 1 diabetes mellitus among Estonian children in 1999-2006. Time trend analysis 1983-2006. Pediatr. Diabetes 2010, 11, 107-110.
[CrossRef]

Harjutsalo, V.; Sjoberg, L.; Tuomilehto, J. Time trends in the incidence of type 1 diabetes in Finnish children: A cohort study.
Lancet 2008, 371, 1777-1782. [CrossRef] [PubMed]


https://doi.org/10.14309/ajg.0000000000002056
https://doi.org/10.1136/bmj.39405.472975.80
https://doi.org/10.1111/j.1365-2036.2006.02957.x
https://doi.org/10.12659/MSM.898269
https://www.ncbi.nlm.nih.gov/pubmed/27920422
https://osp.stat.gov.lt/statistiniu-rodikliu-analize?hash=192da901-9633-449d-aa8c-3c0760144774#/
https://doi.org/10.1053/j.gastro.2017.02.002
https://www.ncbi.nlm.nih.gov/pubmed/28188747
https://doi.org/10.1186/s12876-021-01737-1
https://doi.org/10.3390/medicina55010011
https://www.ncbi.nlm.nih.gov/pubmed/30642036
https://doi.org/10.1038/pr.2015.98
https://www.ncbi.nlm.nih.gov/pubmed/26280764
https://www.ncbi.nlm.nih.gov/pubmed/19247256
https://doi.org/10.1016/j.dld.2006.07.012
https://doi.org/10.1016/j.crohns.2013.01.010
https://doi.org/10.1136/gutjnl-2013-304636
https://doi.org/10.1053/j.gastro.2020.05.016
https://www.ncbi.nlm.nih.gov/pubmed/32416141
https://doi.org/10.3389/fgene.2022.928944
https://doi.org/10.1016/j.yapd.2008.07.001
https://www.ncbi.nlm.nih.gov/pubmed/19048738
https://doi.org/10.3390/medicina43030030
https://www.ncbi.nlm.nih.gov/pubmed/17413254
https://doi.org/10.2337/diacare.26.3.671
https://www.ncbi.nlm.nih.gov/pubmed/12610020
https://doi.org/10.1007/s00125-003-1271-9
https://doi.org/10.1111/pedi.12194_2
https://doi.org/10.1111/j.1464-5491.2006.01925.x
https://doi.org/10.1111/j.1399-5448.2009.00535.x
https://doi.org/10.1016/S0140-6736(08)60765-5
https://www.ncbi.nlm.nih.gov/pubmed/18502302

Medicina 2023, 59, 1630 70f7

33. Berhan, Y.; Waernbaum, I; Lind, T.; Moéllsten, A.; Dahlquist, G.; Swedish Childhood Diabetes Study Group. Thirty Years of
Prospective Nationwide Incidence of Childhood Type 1 Diabetes. Diabetes 2011, 60, 577-581. [CrossRef] [PubMed]

34. Mobasseri, M.; Shirmohammadi, M.; Amiri, T.; Vahed, N.; Hosseini Fard, H.; Ghojazadeh, M. Prevalence and incidence of type 1
diabetes in the world: A systematic review and meta-analysis. Health Promot. Perspect. 2020, 10, 98-115. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2337/db10-0813
https://www.ncbi.nlm.nih.gov/pubmed/21270269
https://doi.org/10.34172/hpp.2020.18
https://www.ncbi.nlm.nih.gov/pubmed/32296622

	Introduction 
	Materials and Methods 
	Study Methodology and Participant Description 
	Coeliac Disease Testing 

	Results 
	Discussion 
	Conclusions 
	References

