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Abstract
The co-occurrence of celiac disease (CD) and type 1 
diabetes (T1DM) has been reported as 5-7 times more 

prevalent than CD alone. The clinical presentation and 
natural history of CD in patients with T1DM may vary 
considerably. Less than 10% of patients with T1DM 
and CD show gastrointestinal symptoms. Therefore, 
experts support screening for CD in T1DM patients, 
though there is no consensus as to the recommended 
frequency of screening. When stratified by time since 
CD diagnosis, longer follow-up and coexistence of CD 
are associated with significant increased risk of diabetic 
associated morbidity and mortality. Early CD diagnosis 
and treatment with a gluten-free diet are essential.

Key words: Type 1 diabetes mellitus; Celiac disease; 
Glycemic control; Gluten free diet; Pediatrics

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Increased prevalence rates of celiac disease 
(CD) are described among individuals with type 1 dia
betes mellitus (T1DM). Specifically celiac disease is 
more prevalent in females with T1DM. Less than 10% 
of patients with T1DM and CD show gastrointestinal 
symptoms therefore screening is necessary. The significant 
increase of diabetic associated morbidity and mortality, 
emphasize the importance of early diagnosis of CD and 
appropriate treatment with gluten-free diet.
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INTRODUCTION
Celiac disease 
Celiac disease (CD), previously known as celiac sprue, 
affects 0.6%-1.0% of the population worldwide, with 
wide geographic variation, for unknown reasons[1,2]. 
The autoimmune disorder is triggered in genetically 
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predisposed patients by gluten ingestion[1-4]. Symptoms 
of CD include malabsorption and malnutrition, vitamin 
deficiencies, iron deficiency anemia, failure to thrive, 
short stature, diarrhea, anorexia, constipation, vomiting, 
and abdominal distension. Other complications asso
ciated with untreated CD include osteoporosis, obste
tric complications, and neurologic disorders, as well 
as enteropathy-associated T-cell lymphoma and ad
enocarcinoma of the jejunum[5,6]. However, several 
reports in the literature state that many cases of CD are 
asymptomatic or associated with mild symptoms[7-9]. 
Diagnosis of CD is based on intestinal biopsy and the 
presence of specific antibodies; however, most cases 
of CD remain undiagnosed[10,11]. Currently, the only 
effective treatment for CD is a lifelong gluten-free diet 
(GFD), which results in resolution or improvement for 
most individuals[12].

Epidemiology of T1DM and CD
The association between CD and T1DM was first 
described in the late 1960s[13]. Studies published 
during the last few years have demonstrated elevated 
prevalence rates of CD among individuals with T1DM: 
4.4% in the United Kingdom, 3.7% in Israel, 4.8% in 
Greece, and 6.4% in Germany; and as high as 10.5% 
in Brazil and 11.1% in India[14-19]. 

The incidence of T1DM is rapidly increasing in 
children and adolescents, with a reported increase 
of 3% annually[20,21]. Similarly, a longitudinal study 
documented an increase in the prevalence of CD in the 
mid 1990s, from 3.3% to 10.6%, most probably due 
to changes in environmental factors[22].

CD is a female predominant disease, and is 2-3 
times more common among females[23]. Although 
there is no gender difference in the prevalence rates 
of T1DM, CD is also more prevalent in females than 
in males with T1DM. The etiological risk factors for 
developing antibodies against the small bowel are 
thought to be different from those for T1DM[24-26]. 

Genetics
Genetic background plays a key role in the predisposition 
to CD, as suggested by higher prevalence among family 
members and higher concordance rates in monozygotic 
than dizygotic twins (over 80% compared with 11%)[27]. 

The human leukocyte antigen (HLA) plays a key 
role in the genetic predisposition to CD, as there is a 
strong association between both HLA-DQ2 and HLA-
DQ8, and between CD. The negative predictive value 
of HLA typing is high, as CD is extremely rare in 
patients carrying neither DQ2 nor DQ8 alleles[28,29]. 

An overlap in the genetic susceptibility conferred 
by HLA-DQ2 is the basis for the increased prevalence 
of CD in patients with T1DM. Over 90% of those with 
CD express HLA-DR3/DQ2 haplotype, as well as 55% 
of those with T1DM, compared with less than 25% of 
the general population[30]. Bakker et al[31] confirmed 

the high prevalence of HLA-DQ2 haplotypes in patients 
with both T1DM and CD, and reported that HLA-
DQ2 homozygosity confers the highest risk for CD 
among patients with CD. DQ2 has been cited by a 
number of studies as the major susceptibility factor 
for CD. HLA-DQ8, another important allele for CD, is 
considered a stronger susceptibility factor for T1DM. 
DQ8 heterozygosity is claimed to be the strongest risk 
factor for the development of T1DM[32,33]. Trynka et 
al[34] reported 57 independent CD association signals 
from 39 non-HLA genes that confer a predisposition 
to CD. However, although genetic predisposition is 
essential, it is not sufficient for the development of CD, 
as the pathogenesis of CD involves an external trigger, 
namely gluten. 

SCREENING AND DIAGNOSIS
In the general population 
According to the modified guidelines of the European 
Society of Pediatric Gastroenterology, Hepatology and 
Nutrition (ESPGHAN)[10], testing for CD is recommended 
in children and adolescents with otherwise unexplained 
signs and symptoms suggestive of CD, and among 
asymptomatic children and adolescents with an increa
sed risk for CD, such as patients with T1DM or first-
degree relatives with CD. 

Diagnosis of CD is based on the presence of villous 
atrophy and crypt hyperplasia by intestinal biopsy 
and the presence of antibodies against tissue transglu
taminase (TTG) or endomysium (EMA). The diagnosis is 
confirmed by an antibody decline to a GFD. According 
to ESPGHAN guidelines, in patients with suspected CD 
and certain conditions (typical symptoms, high titer 
of TTG antibodies and predisposing HLA genotypes), 
there is no obligation to complete duodenal biopsy and 
histology[10].

Finally, potential CD, a term coined by Ferguson in 
the 1990s, refers to patients with positive CD-asso
ciated antibodies, but with normal, or almost normal, 
jejuna mucosa[35]. These patients usually have mild 
symptoms, if any, of CD. The number of patients diag
nosed with potential CD is increasing, following the 
raised attention for CD and screening tests of high-
risk populations[36]. Numerous studies in the general 
population demonstrate that CD is often only diagnosed 
after several years of CD related complaints[37-39]. Some 
reported that diagnosis of irritable bowel syndrome 
preceded the correct diagnosis of CD in many pati
ents[40,41].

CD in T1DM patients
Less than 10% of patients with T1DM and CD show 
gastrointestinal symptoms[42]. Therefore, most profe
ssional societies recommend screening of patients 
with T1DM for CD. However, there is no consensus 
regarding the recommended screening tests and the 
frequency of screening[43]. 
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Recommended screening test: Most guidelines 
support screening based on TTG IgA (confirmed by 
EMA), or TTG IgG in patients with IgA deficiency, 
because of its high sensitivity and specificity[44,45]. Most 
experts argue that in patients with CD-associated 
antibodies, it is mandatory to perform esophagoduo
denoscopy with small bowel biopsies to confirm the 
diagnosis[10].

Timing and frequency of screening: Neither in the 
guidelines issued by ESPGHAN nor those issued by the 
National Institute for Health and Clinical Excellence, is 
the timing of screening specified. As for the frequency of 
screening, ESPGHAN guidelines recommend retesting 
at intervals, with no firm evidence, but opinion is every 
2-3 years[10]. NICE guidelines state that the evidence 
is insufficient to make a recommendation regarding 
the frequency of screening for CD in patients with 
T1DM[10,46]. The International Society for Pediatric 
and Adolescent Diabetes recommends screening for 
CD at diagnosis of T1DM, every year in the first five 
years of follow-up, and less frequently in successive 
years[4,47,48]. 

Bakker et al[31] reported that almost 50% of T1DM 
patients diagnosed with CD in adulthood had CD related 
complaints for over 5 years prior to the diagnosis of CD. 
Furthermore, their findings demonstrated a bimodal 
distribution of the age of diagnosis of CD in patients 
with T1DM, with peak incidence rates at the ages of 10 
and 45 years. 

CLINICAL PRESENTATION OF CD IN 
PATIENTS WITH T1DM
CD diagnosis most often follows the diagnosis of 
T1DM, and only a minority of patients were diagnosed 
first with CD[7,31,49].

Age of onset
The mean age at onset of T1DM is younger in those 
with both T1DM and CD, than in those with only 
T1DM[25,50]. In an observational cohort study of 4379 
people aged ≤ 18 years from Australia, the mean 
age at T1DM onset was 6.6 ± 4.0 years in those with 
T1DM and CD, compared with 8.4 ± 4.1 years in those 
without CD[51]. 

Signs and symptoms
The natural history of CD in patients with T1DM may 
vary considerably, as the diagnosis of CD can precede 
the diagnosis of T1DM, or be established at the onset 
of T1DM, during routine screening tests at follow-up. 
Accordingly, the presentation of CD varies greatly, 
from asymptomatic or mild symptoms to poor growth 
and considerable morbidity[7-9,44]. In individuals with 
diabetes, symptoms of CD may be divided into two 
main categories, those directly associated with CD and 
those related to the impact of CD on diabetes. 

Signs and symptoms directly associated with CD 
These include malabsorption and malnutrition, vitamin 
deficiencies, iron deficiency anemia, failure to thrive, 
short stature, diarrhea, anorexia, constipation, 
vomiting, and abdominal distension. 

Growth in children with CD and T1DM compared 
to children with T1DM alone: As stated above, 
differences between reports may be due to whether 
CD diagnosis results from routine screening or is 
prompted from signs and symptoms. 

Body weight was found to be significantly lower 
among children with T1DM with screening-identified 
CD compared to those with T1DM only; however, there 
was no difference in height[52]. Of 41951 children and 
adolescents surveyed in Germany, only 22273 (53%) 
had been screened for CD. Those with both T1DM and 
CD had a significantly lower weight standard deviation 
and height standard deviation score (SDS)[50]. In a 
subgroup of 183 patients, those with both diseases 
had significantly lower height and weight SDS after 
5-year follow-up[53]. Previously, we demonstrated 
a higher prevalence of growth impairment among 
patients with both CD and T1DM, compared to patients 
with T1DM alone. Patients with CD were, on average, 
significantly shorter than their genetic target height 
potential, compared to patients with T1DM alone. 
Furthermore, poor adherence to GFD resulted in 
continuous growth impairment, compared to steady 
improvement among those with good adherence to a 
GFD[16]. Of note, patients with CD who do not improve 
their growth velocity after GFD should be evaluated for 
growth hormone deficiency secondary to autoimmune 
hypophysitis[54].  

Signs related to the impact of CD on diabetes at 
diagnosis of CD
Glycemic control: Data remain inconsistent regarding 
glycemic control in patients with dual diagnosis of CD 
and T1DM. Data may differ based on the points of time 
HbA1c levels were assessed (at diagnosis vs at follow-
up), whether diagnosis was based on routine screening 
or on symptoms, and in longitudinal studies whether 
adherence to GFD was assessed in parallel. 

(1) HbA1c levels at diagnosis of CD. Malabsorption 
of nutrients may cause a reduction in HbA1c levels. 
In a controlled study in children mean age 10 years 
with T1DM duration of about 4 years, HbA1c levels at 
baseline did not differ significantly between patients 
with T1DM and CD, and between those with T1DM 
alone[55]. Yet, among adult T1DM patients who were 
newly diagnosed with CD, glycemic control was 
significantly worse than for those with T1DM alone, 
8.2% vs 7.5%, P = 0.05[56]. The difference between 
these studies may reflect the impact of delayed 
diagnosis of CD. 

(2) HbA1c levels at follow-up. In a controlled 
prospective 2-year follow-up study, mean HbA1c 
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Prevalence of complications in patients with T1DM and 
newly diagnosed CD 
Among adults with T1DM duration of over 20 years, 
those with newly diagnosed CD had worse glycemic 
control and a significantly higher prevalence of 
retinopathy (58.3% vs 25%), nephropathy (41.6% 
vs 4.2%), and peripheral neuropathy (41.6% vs 
16.6%)[56]. In contrast, Picarelli et al[61] reported 
significantly lower prevalence of nephropathy and 
retinopathy among adult T1DM aged about 50 years, 
with T1DM duration of about 18 years and newly 
diagnosed CD. The difference between these studies 
may be due to the unknown duration of undiagnosed 
CD, and to the difference in HbA1c levels between 
studies. In the latter, only those with HbA1c levels < 
7.5% were included. 

The prevalence of complications in patients with T1DM 
and CD: Long-term follow-up
A lower prevalence of retinopathy was reported 
in individuals with median durations of T1DM and 
CD of 27 and 3 years respectively, compared with 
controls (38.7% vs 67.4%). However, no difference 
in the prevalence of nephropathy was found between 
the groups[59]. The duration of CD was found to be 
correlated with the risk of diabetic retinopathy. When 
stratified by time since CD diagnosis, individuals with 
T1DM and CD were at a lower risk of retinopathy in the 
first 5 years after CD diagnosis, followed by a neutral 
risk in years 5 to 10. However, with longer follow-
up, coexisting CD was a 2.83 increased risk factor for 
diabetic retinopathy at 10 to 15 years of follow-up, and 
a three-fold risk after 15 years of follow-up[62].

Patients with both T1DM and CD were reported 
to have more severe subclinical atherosclerosis than 
those presenting with only T1DM or CD. Among patients 
with both T1DM and CD, mean age of 39 years, mean 
T1DM duration of 18 years and CD duration of 8.5 
years, carotid intima-media thickness was significantly 
greater in those with both T1DM and CD than in those 
with either T1DM or CD, suggesting that the association 
of these autoimmune diseases might accelerate the 
atherosclerotic process[63].

Finally, mortality in patients with both T1DM and 
CD was studied in 960 individuals aged 30 years, 
compared with 4608 with T1DM alone, matched for 
sex, age and disease duration. CD was not a risk factor 
for death in patients with T1DM during the first 5 years 
after CD diagnosis, but thereafter the hazard ratio for 
mortality increased as a function of follow-up time. 
Having a CD diagnosis for > 15 years was associated 
with a 2.80-fold increased risk of death in individuals 
with T1DM[64]. 

TREATMENT
The standard therapy for CD is GFD, which requires 

levels did not differ significantly between patients with 
both T1DM and CD and between those with T1DM 
alone[57]. Similarly, in a large cohort from 297 centers 
in Germany and Austria, no statistically significant 
differences were found in mean HbA1c levels, between 
children with and without CD, mean age of 13.7 after 
5 years of follow-up[50]. 

Acute events-hypoglycemic and diabetes keto
acidosis: CD is associated with mucosal changes that 
may interfere with the absorption of carbohydrates, 
even without leading to true malabsorption. An 
increased risk for symptomatic hypoglycemia was 
reported in the 6 mo before and after diagnosis of 
CD[58]. However, during long-term follow-up and under 
GFD, no differences were found in the numbers of 
severe hypoglycemic episodes[50]. There are no reports 
of increased risk of DKA episodes in individuals with 
both T1DM and CD[50].

Insulin requirements: One study reported significantly 
lower insulin requirements among patients with T1DM 
and CD than among those with T1DM alone[52]; yet 
the mean insulin requirement increased significantly 
from 0.88 to 1.1 units/kg per day after 12 mo GFD. 
In another study, there was no difference in insulin 
dosage per kilogram per day between patients with 
both T1DM and CD, mean CD duration of 3 years, and 
those without CD[59].  

Other autoimmune diseases: Patients with CD are 
at increased risk for other autoimmune diseases, such 
as autoimmune thyroid disorders. Thyroid disorders 
have been reported to be an important risk factor 
for the development of CD among patients with 
T1DM[49,60]. 

COMPLICATIONS IN PATIENTS WITH 
T1DM AND CD
Complications may be divided into two main categories, 
those directly associated with CD and those related to 
the impact of CD on diabetes. 

The long term complications associated with untrea
ted CD include osteoporosis, obstetric complications, 
and neurologic disorders, as well as enteropathy-
associated T-cell lymphoma and adenocarcinoma of the 
jejunum[2,6].

Diabetes associated complications in patients with CD
As for long-term complications among patients with 
T1DM and CD, the data are conflicting: some report 
that CD increases rates of complications[56], some show 
no difference, and others suggest lower incidence of 
complications[61]. These discrepancies may be due to 
differences in duration of undiagnosed CD.

710 June 10, 2015|Volume 6|Issue 5|WJD|www.wjgnet.com

Akirov A et al . Co-occurrence of T1DM and CD



avoiding wheat, rye, barley and oats. Patients with CD 
must follow this strict diet for their entire life. Delay 
in starting GFD increases the risk of osteoporosis, 
gastrointestinal malignancies, iron deficiency anemia, 
infertility, and other autoimmune disorders. Adherence 
to GFD augments the restrictions required by a diabetic 
dietary regimen. 

GFD impact on glycemic control
Good glycemic control is essential to reduce the risks of 
T1DM related complications. However, many specially 
prepared gluten-free foods have high glycemic indices, 
and thus affect glucose levels, insulin requirements, 
lipid profiles and body mass indices (BMI). GFD may 
worsen glycemic control and can thus increase the 
difficulties of disease management for patients with 
T1DM and CD[42]. Numerous studies have evaluated 
the effect of CD and GFD on the metabolic control of 
patients with T1DM. Some reported better metabolic 
control with GFD among CD patients with T1DM[65,66]. 
Others did not show any change in HbA1c levels with 
GFD[67-72], and some reported worse glycemic control 
with GFD[73].

GFD impact on weight and height
Data on weight gain in patients with CD are inconsistent. 
Some studies report that treatment with GFD promotes 
a significant catch-up growth while others show no 
difference. The time of follow-up, age and stage of 
puberty of patients in different studies may explain the 
discrepancies. Twelve months after commencement 
of GFD, one study showed no statistically significant 
change in the SDS for height, weight and BMI of the 
23 children assessed[74]. In a separate study, children 
with T1DM and CD had lower SDS for height and 
weight at CD diagnosis. After 2 years of follow-up, SDS 
was significantly increased for weight, and for height in 
prepubertal children[57].

Adherence to GFD
The compliance rates to GFD among patients with CD 
and T1DM is less than 60%, compared with about 
80% among those with CD only[75]. The more severe 
problems of GFD adherence usually occur during 
adolescence[44].  

QUALITY OF LIFE IN CHILDREN WITH 
T1DM
Families of children with both CD and T1DM report 
a higher burden than those affected by T1DM only. 
Similarly, health care providers perceived family 
burden to increase over time[76]. Yet, among children 
aged 8-18 years, no significant differences in quality 
of life were observed. However, parents of children 
with both CD and T1D did express greater concern 
about their children’s social functioning. Adults (mean 
age 49 years) with both CD and T1DM scored lower in 

general health perception, social functioning and role 
limitation, as a result of physical health and emotional 
problems. In addition, concerns about diabetes related 
and social problems were significantly higher in those 
with both diagnoses[77]. 

ACKNOWLEDGMENTS
The authors are in debts to Mrs Cindy Cohen for her 
editorial assistance.

REFERENCES
1	 Green PH, Cellier C. Celiac disease. N Engl J Med 2007; 357: 

1731-1743 [PMID: 17960014 DOI: 10.1056/NEJMra071600]
2	 Fasano A, Berti I, Gerarduzzi T, Not T, Colletti RB, Drago S, 

Elitsur Y, Green PH, Guandalini S, Hill ID, Pietzak M, Ventura A, 
Thorpe M, Kryszak D, Fornaroli F, Wasserman SS, Murray JA, 
Horvath K. 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: 286-292 [PMID: 12578508]

3	 Mäki M, Mustalahti K, Kokkonen J, Kulmala P, Haapalahti M, 
Karttunen T, Ilonen J, Laurila K, Dahlbom I, Hansson T, Höpfl P, 
Knip M. Prevalence of Celiac disease among children in Finland. 
N Engl J Med 2003; 348: 2517-2524 [PMID: 12815137 DOI: 
10.1056/NEJMoa021687]

4	 Sud S, Marcon M, Assor E, Palmert MR, Daneman D, Mahmud 
FH. Celiac disease and pediatric type 1 diabetes: diagnostic and 
treatment dilemmas. Int J Pediatr Endocrinol 2010; 2010: 161285 
[PMID: 20652072 DOI: 10.1155/2010/161285]

5	 Fasano A, Catassi C. Current approaches to diagnosis and 
treatment of celiac disease: an evolving spectrum. Gastroenterology 
2001; 120: 636-651 [PMID: 11179241]

6	 Sharaiha RZ, Lebwohl B, Reimers L, Bhagat G, Green PH, 
Neugut AI. Increasing incidence of enteropathy-associated 
T-cell lymphoma in the United States, 1973-2008. Cancer 2012; 
118: 3786-3792 [PMID: 22169928 DOI: 10.1002/cncr.26700.
Increasing]

7	 Valerio G, Maiuri L, Troncone R, Buono P, Lombardi F, Palmieri 
R, Franzese A. Severe clinical onset of diabetes and increased 
prevalence of other autoimmune diseases in children with coeliac 
disease diagnosed before diabetes mellitus. Diabetologia 2002; 45: 
1719-1722 [PMID: 12488963 DOI: 10.1007/s00125-002-0923-5]

8	 Ventura A, Neri E, Ughi C, Leopaldi A, Città A, Not T. Gluten-
dependent diabetes-related and thyroid-related autoantibodies in 
patients with celiac disease. J Pediatr 2000; 137: 263-265 [PMID: 
10931424]

9	 Holmes GK. Potential and latent coeliac disease. Eur J 
Gastroenterol Hepatol 2001; 13: 1057-1060 [PMID: 11564955]

10	 Husby S, Koletzko S, Korponay-Szabó IR, Mearin ML, Phillips 
A, Shamir R, Troncone R, Giersiepen K, Branski D, Catassi C, 
Lelgeman M, Mäki M, Ribes-Koninckx C, Ventura A, Zimmer KP. 
European Society for Pediatric Gastroenterology, Hepatology, and 
Nutrition guidelines for the diagnosis of coeliac disease. J Pediatr 
Gastroenterol Nutr 2012; 54: 136-160 [PMID: 22197856 DOI: 
10.1097/MPG.0b013e31821a23d0]

11	 West J, Logan RF, Hill PG, Lloyd A, Lewis S, Hubbard R, 
Reader R, Holmes GK, Khaw KT. Seroprevalence, correlates, and 
characteristics of undetected coeliac disease in England. Gut 2003; 
52: 960-965 [PMID: 12801951]

12	 NIH Consensus Development Conference on Celiac Disease. NIH 
Consens State Sci Statements 2004; 21: 1-23 [PMID: 17308551]

13	 Walker-Smith JA, Vines R, Grigor W. Coeliac disease and 
diabetes. Lancet 1969; 2: 650 [PMID: 4185626]

14	 Goh C, Banerjee K. Prevalence of coeliac disease in children 
and adolescents with type 1 diabetes mellitus in a clinic based 
population. Postgrad Med J 2007; 83: 132-136 [PMID: 17308219 
DOI: 10.1136/pgmj.2006.049189]

711 June 10, 2015|Volume 6|Issue 5|WJD|www.wjgnet.com

Akirov A et al . Co-occurrence of T1DM and CD



15	 Karavanaki K, Kakleas K, Paschali E, Kefalas N, Konstantopoulos 
I, Petrou V, Kanariou M, Karayianni C. Screening for associated 
autoimmunity in children and adolescents with type 1 diabetes 
mellitus (T1DM). Horm Res 2009; 71: 201-206 [PMID: 19258711 
DOI: 10.1159/000201108]

16	 Akirov A, Hirsch G, Boyko V, Barel C, Lerner-Geva L, Pinhas-
Hamiel O. Celiac in type 1 diabetes children and youth–prevalence, 
metabolic control and growth parameters. Tel Aviv: Israel Society 
of Clinical Pediatrics, 2010

17	 Sanchez-Albisua I, Wolf J, Neu A, Geiger H, Wäscher I, Stern M. 
Coeliac disease in children with Type 1 diabetes mellitus: the effect 
of the gluten-free diet. Diabet Med 2005; 22: 1079-1082 [PMID: 
16026376 DOI: 10.1111/j.1464-5491.2005.01609.x]

18	 Rosário N, Landgraf LF. Serum prevalence of celiac disease in 
children and adolescents with type 1 diabetes mellitus. J Pediatr 
(Rio J) 2006; 82: 400-401; author reply 401 [PMID: 17028766 
DOI: 10.2223/JPED.1542]

19	 Bhadada SK, Kochhar R, Bhansali A, Dutta U, Kumar PR, 
Poornachandra KS, Vaiphei K, Nain CK, Singh K. Prevalence 
and clinical profile of celiac disease in type 1 diabetes mellitus in 
north India. J Gastroenterol Hepatol 2011; 26: 378-381 [PMID: 
21261730 DOI: 10.1111/j.1440-1746.2010.06508.x]

20	 Patterson CC, Dahlquist GG, Gyürüs E, Green A, Soltész G. 
Incidence trends for childhood type 1 diabetes in Europe during 
1989-2003 and predicted new cases 2005-20: a multicentre 
prospective registration study. Lancet 2009; 373: 2027-2033 
[PMID: 19481249 DOI: 10.1016/S0140-6736(09)60568-7]

21	 Dabelea D, Mayer-Davis EJ, Saydah S, Imperatore G, Linder 
B, Divers J, Bell R, Badaru A, Talton JW, Crume T, Liese AD, 
Merchant AT, Lawrence JM, Reynolds K, Dolan L, Liu LL, 
Hamman RF. Prevalence of type 1 and type 2 diabetes among 
children and adolescents from 2001 to 2009. JAMA 2014; 311: 
1778-1786 [PMID: 24794371 DOI: 10.1001/jama.2014.3201]

22	 Salardi S, Volta U, Zucchini S, Fiorini E, Maltoni G, Vaira B, 
Cicognani A. Prevalence of celiac disease in children with type 
1 diabetes mellitus increased in the mid-1990 s: an 18-year 
longitudinal study based on anti-endomysial antibodies. J Pediatr 
Gastroenterol Nutr 2008; 46: 612-614 [PMID: 18493223 DOI: 
10.1097/MPG.0b013e31815d697e]

23	 Bai D, Brar P, Holleran S, Ramakrishnan R, Green PH. Effect of 
gender on the manifestations of celiac disease: evidence for greater 
malabsorption in men. Scand J Gastroenterol 2005; 40: 183-187 
[PMID: 15764149 DOI: 10.1080/00365520510011498]

24	 Picarelli A, Sabbatella L, Di Tola M, Vetrano S, Casale C, Anania 
MC, Porowska B, Vergari M, Schiaffini R, Gargiulo P. Anti-
endomysial antibody of IgG1 isotype detection strongly increases 
the prevalence of coeliac disease in patients affected by type I 
diabetes mellitus. Clin Exp Immunol 2005; 142: 111-115 [PMID: 
16178863 DOI: 10.1111/j.1365-2249.2005.02866.x]

25	 Kaspers S, Kordonouri O, Schober E, Grabert M, Hauffa BP, Holl 
RW. Anthropometry, metabolic control, and thyroid autoimmunity 
in type 1 diabetes with celiac disease: A multicenter survey. J 
Pediatr 2004; 145: 790-795 [PMID: 15580203 DOI: 10.1016/
j.jpeds.2004.07.031]

26	 Greco D, Pisciotta M, Gambina F, Maggio F. Celiac disease 
in subjects with type 1 diabetes mellitus: a prevalence study in 
western Sicily (Italy). Endocrine 2013; 43: 108-111 [PMID: 
22707396 DOI: 10.1007/s12020-012-9718-8]

27	 Greco L, Romino R, Coto I, Di Cosmo N, Percopo S, Maglio M, 
Paparo F, Gasperi V, Limongelli MG, Cotichini R, D’Agate C, 
Tinto N, Sacchetti L, Tosi R, Stazi MA. The first large population 
based twin study of coeliac disease. Gut 2002; 50: 624-628 [PMID: 
11950806]

28	 Karell K, Louka AS, Moodie SJ, Ascher H, Clot F, Greco L, 
Ciclitira PJ, Sollid LM, Partanen J. HLA types in celiac disease 
patients not carrying the DQA1*05-DQB1*02 (DQ2) heterodimer: 
results from the European Genetics Cluster on Celiac Disease. 
Hum Immunol 2003; 64: 469-477 [PMID: 12651074]

29	 Lavant EH, Carlson JA. A new automated human leukocyte 
antigen genotyping strategy to identify DR-DQ risk alleles for 

celiac disease and type 1 diabetes mellitus. Clin Chem Lab 
Med 2009; 47: 1489-1495 [PMID: 19929553 DOI: 10.1515/
CCLM.2009.346]

30	 Rewers M, Eisenbarth GS. Autoimmunity: Celiac disease in 
T1DM-the need to look long term. Nat Rev Endocrinol 2012; 8: 7-8 
[PMID: 22064502 DOI: 10.1038/nrendo.2011.193.Celiac]

31	 Bakker SF, Tushuizen ME, Stokvis-Brantsma WH, Aanstoot 
HJ, Winterdijk P, van Setten PA, von Blomberg BM, Mulder 
CJ, Simsek S. Frequent delay of coeliac disease diagnosis in 
symptomatic patients with type 1 diabetes mellitus: clinical and 
genetic characteristics. Eur J Intern Med 2013; 24: 456-460 [PMID: 
23414771 DOI: 10.1016/j.ejim.2013.01.016]

32	 Dezsofi A, Szebeni B, Hermann CS, Kapitány A, Veres G, Sipka 
S, Körner A, Madácsy L, Korponay-Szabó I, Rajczy K, Arató A. 
Frequencies of genetic polymorphisms of TLR4 and CD14 and of 
HLA-DQ genotypes in children with celiac disease, type 1 diabetes 
mellitus, or both. J Pediatr Gastroenterol Nutr 2008; 47: 283-287 
[PMID: 18728522 DOI: 10.1097/MPG.0b013e31816de885]

33	 Koeleman BP, Lie BA, Undlien DE, Dudbridge F, Thorsby E, 
de Vries RR, Cucca F, Roep BO, Giphart MJ, Todd JA. Genotype 
effects and epistasis in type 1 diabetes and HLA-DQ trans dimer 
associations with disease. Genes Immun 2004; 5: 381-388 [PMID: 
15164102 DOI: 10.1038/sj.gene.6364106]

34	 Trynka G, Hunt KA, Bockett NA, Romanos J, Mistry V, Szperl 
A, Bakker SF, Bardella MT, Bhaw-Rosun L, Castillejo G, de la 
Concha EG, de Almeida RC, Dias KR, van Diemen CC, Dubois 
PC, Duerr RH, Edkins S, Franke L, Fransen K, Gutierrez J, Heap 
GA, Hrdlickova B, Hunt S, Plaza Izurieta L, Izzo V, Joosten LA, 
Langford C, Mazzilli MC, Mein CA, Midah V, Mitrovic M, Mora 
B, Morelli M, Nutland S, Núñez C, Onengut-Gumuscu S, Pearce K, 
Platteel M, Polanco I, Potter S, Ribes-Koninckx C, Ricaño-Ponce 
I, Rich SS, Rybak A, Santiago JL, Senapati S, Sood A, Szajewska 
H, Troncone R, Varadé J, Wallace C, Wolters VM, Zhernakova 
A, Thelma BK, Cukrowska B, Urcelay E, Bilbao JR, Mearin 
ML, Barisani D, Barrett JC, Plagnol V, Deloukas P, Wijmenga C, 
van Heel DA. Dense genotyping identifies and localizes multiple 
common and rare variant association signals in celiac disease. 
Nat Genet 2011; 43: 1193-1201 [PMID: 22057235 DOI: 10.1038/
ng.998.Dense]

35	 Ferguson A, Arranz E, O’Mahony S. Clinical and pathological 
spectrum of coeliac disease--active, silent, latent, potential. Gut 
1993; 34: 150-151 [PMID: 8432463]

36	 Tosco A, Salvati VM, Auricchio R, Maglio M, Borrelli M, Coruzzo 
A, Paparo F, Boffardi M, Esposito A, D’Adamo G, Malamisura B, 
Greco L, Troncone R. Natural history of potential celiac disease in 
children. Clin Gastroenterol Hepatol 2011; 9: 320-325; quiz e326 
[PMID: 20851213 DOI: 10.1016/j.cgh.2010.09.006]

37	 Cranney A, Zarkadas M, Graham ID, Butzner JD, Rashid M, 
Warren R, Molloy M, Case S, Burrows V, Switzer C. The Canadian 
Celiac Health Survey. Dig Dis Sci 2007; 52: 1087-1095 [PMID: 
17318390 DOI: 10.1007/s10620]

38	 Gray AM, Papanicolas IN. Impact of symptoms on quality of life 
before and after diagnosis of coeliac disease: results from a UK 
population survey. BMC Health Serv Res 2010; 10: 105 [PMID: 
20423498 DOI: 10.1186/1472-6963-10-105]

39	 Green PHR SN, Panagi SG, Goldstein SL, Mcmahon DJ, Absan 
H, Neugut AI. Characteristics of adult celiac disease in the USA: 
results of a national survey. Am J Gastroenterol 2001; 96: 126-131 
[PMID: 11197241 DOI: 10.1111/j.1572-0241.2001.03462.x]

40	 Corazza GR, Brusco G, Andreani ML, Biagi F, Stefano MD, 
Gasbarrini G. Previous misdiagnosis and diagnostic delay in adult 
celiac sprue. J Clin Gastroenterol 1996; 22: 324-325 [PMID: 
8771434]

41	 Barratt SM, Leeds JS, Robinson K, Lobo AJ, McAlindon 
ME, Sanders DS. Prodromal irritable bowel syndrome may be 
responsible for delays in diagnosis in patients presenting with 
unrecognized Crohn’s disease and celiac disease, but not ulcerative 
colitis. Dig Dis Sci 2011; 56: 3270-3275 [PMID: 21695401 DOI: 
10.1007/s10620-011-1783-y]

42	 Scaramuzza AE, Mantegazza C, Bosetti A, Zuccotti GV. Type 

712 June 10, 2015|Volume 6|Issue 5|WJD|www.wjgnet.com

Akirov A et al . Co-occurrence of T1DM and CD



1 diabetes and celiac disease: The effects of gluten free diet on 
metabolic control. World J Diabetes 2013; 4: 130-134 [PMID: 
23961323 DOI: 10.4239/wjd.v4.i4.130]

43	 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: 811-816 [PMID: 25041529 DOI: 10.1111/
jpc.12643]

44	 Camarca ME, Mozzillo E, Nugnes R, Zito E, Falco M, Fattorusso 
V, Mobilia S, Buono P, Valerio G, Troncone R, Franzese A. Celiac 
disease in type 1 diabetes mellitus. Ital J Pediatr 2012; 38: 10 
[PMID: 22449104 DOI: 10.1186/1824-7288-38-10]

45	 Zintzaras E, Germenis AE. Performance of antibodies against 
tissue transglutaminase for the diagnosis of celiac disease: meta-
analysis. Clin Vaccine Immunol 2006; 13: 187-192 [PMID: 
16467324 DOI: 10.1128/CVI.13.2.187]

46	 Group CGD. Coeliac disease. London: National Institute for 
Health and Care Excellence, 2009

47	 Freemark M, Levitsky LL. Screening for celiac disease in children 
with type 1 diabetes: two views of the controversy. Diabetes Care 
2003; 26: 1932-1939 [PMID: 12766138]

48	 International Diabetes Federation. The global IDF/ISPAD 
guideline for diabetes in childhood and adolescence. Available 
from: URL: http://www.idf.org/global-idfispad-guideline-diabetes-
childhood-and-adolescence

49	 Cerutti F, Bruno G, Chiarelli F, Lorini R, Meschi F, Sacchetti C. 
Younger age at onset and sex predict celiac disease in children 
and adolescents with type 1 diabetes: an Italian multicenter study. 
Diabetes Care 2004; 27: 1294-1298 [PMID: 15161778]

50	 Fröhlich-Reiterer EE, Kaspers S, Hofer S, Schober E, Kordonouri 
O, Pozza SB, Holl RW. Anthropometry, metabolic control, and 
follow-up in children and adolescents with type 1 diabetes mellitus 
and biopsy-proven celiac disease. J Pediatr 2011; 158: 589-593.e2 
[PMID: 21051047 DOI: 10.1016/j.jpeds.2010.09.050]

51	 Pham-Short A, Donaghue KC, Ambler G, Chan AK, Craig ME. 
Coeliac disease in Type 1 diabetes from 1990 to 2009: higher 
incidence in young children after longer diabetes duration. Diabet 
Med 2012; 29: e286-e289 [PMID: 22672045 DOI: 10.1111/
j.1464-5491.2012.03720.x]

52	 Simmons JH, Klingensmith GJ, McFann K, Rewers M, Taylor 
J, Emery LM, Taki I, Vanyi S, Liu E, Hoffenberg EJ. Impact 
of celiac autoimmunity on children with type 1 diabetes. J 
Pediatr 2007; 150: 461-466 [PMID: 17452216 DOI: 10.1016/
j.jpeds.2006.12.046]

53	 Mackinder M, Allison G, Svolos V, Buchanan E, Johnston A, 
Cardigan T, Laird N, Duncan H, Fraser K, Edwards CA, Craigie I, 
McGrogan P, Gerasimidis K. Nutritional status, growth and disease 
management in children with single and dual diagnosis of type 1 
diabetes mellitus and coeliac disease. BMC Gastroenterol 2014; 
14: 99 [PMID: 24885742 DOI: 10.1186/1471-230X-14-99]

54	 Iughetti L, De Bellis A, Predieri B, Bizzarro A, De Simone M, 
Balli F, Bellastella A, Bernasconi S. Growth hormone impaired 
secretion and antipituitary antibodies in patients with coeliac 
disease and poor catch-up growth after a long gluten-free diet 
period: a causal association? Eur J Pediatr 2006; 165: 897-903 
[PMID: 16896648 DOI: 10.1007/s00431-006-0182-4]

55	 Simmons JH, Klingensmith GJ, McFann K, Rewers M, Ide LM, 
Taki I, Liu E, Hoffenberg EJ. Celiac autoimmunity in children with 
type 1 diabetes: a two-year follow-up. J Pediatr 2011; 158: 276-81.
e1 [PMID: 20817171 DOI: 10.1016/j.jpeds.2010.07.025.Celiac]

56	 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: 2158-2163 [PMID: 21911773 DOI: 10.2337/dc11-0149]

57	 Hansen D, Brock-Jacobsen B, Lund E, Bjørn C, Hansen LP, 
Nielsen C, Fenger C, Lillevang ST, Husby S. Clinical benefit of a 
gluten-free diet in type 1 diabetic children with screening-detected 
celiac disease: a population-based screening study with 2 years’ 
follow-up. Diabetes Care 2006; 29: 2452-2456 [PMID: 17065683 
DOI: 10.2337/dc06-0990]

58	 Mohn A, Cerruto M, Iafusco D, Prisco F, Tumini S, Stoppoloni O, 

Chiarelli F. Celiac disease in children and adolescents with type 
I diabetes: importance of hypoglycemia. J Pediatr Gastroenterol 
Nutr 2001; 32: 37-40 [PMID: 11176322]

59	 Bakker SF, Tushuizen ME, von Blomberg ME, Mulder CJ, 
Simsek S. Type 1 diabetes and celiac disease in adults: glycemic 
control and diabetic complications. Acta Diabetol 2013; 50: 
319-324 [PMID: 22539236 DOI: 10.1007/s00592-012-0395-0]

60	 Collin P, Kaukinen K, Välimäki M, Salmi J. Endocrinological 
disorders and celiac disease. Endocr Rev 2002; 23: 464-483 [PMID: 
12202461 DOI: 10.1210/er.2001-0035]

61	 Picarelli A, Di Tola M, D’Amico T, Mercuri V, Gargiulo P. Type 
1 diabetes mellitus and celiac disease: endothelial dysfunction. 
Acta Diabetol 2014; 51: 333 [PMID: 21953422 DOI: 10.1007/
s00592-011-0327-4]

62	 Mollazadegan K, Kugelberg M, Montgomery SM, Sanders DS, 
Ludvigsson J, Ludvigsson JF. A population-based study of the risk 
of diabetic retinopathy in patients with type 1 diabetes and celiac 
disease. Diabetes Care 2013; 36: 316-321 [PMID: 22966098 DOI: 
10.2337/dc12-0766]

63	 Pitocco D, Giubilato S, Martini F, Zaccardi F, Pazzano V, Manto 
A, Cammarota G, Di Stasio E, Pedicino D, Liuzzo G, Crea F, 
Ghirlanda G. Combined atherogenic effects of celiac disease 
and type 1 diabetes mellitus. Atherosclerosis 2011; 217: 531-535 
[PMID: 21601206 DOI: 10.1016/j.atherosclerosis.2011.04.042]

64	 Mollazadegan K, Sanders DS, Ludvigsson J, Ludvigsson JF. 
Long-term coeliac disease influences risk of death in patients 
with type 1 diabetes. J Intern Med 2013; 274: 273-280 [PMID: 
23700968 DOI: 10.1111/joim.12092]

65	 Amin R, Murphy N, Edge J, Ahmed ML, Acerini CL, Dunger DB. 
A longitudinal study of the effects of a gluten-free diet on glycemic 
control and weight gain in subjects with type 1 diabetes and celiac 
disease. Diabetes Care 2002; 25: 1117-1122 [PMID: 12087007 
DOI: 10.2337/diacare.25.7.1117]

66	 Acerini CL, Ahmed ML, Ross KM, Sullivan PB, Bird G, Dunger 
DB. Coeliac disease in children and adolescents with IDDM: 
clinical characteristics and response to gluten-free diet. Diabet Med 
1998; 15: 38-44 [PMID: 9472862]

67	 Westman E, Ambler GR, Royle M, Peat J, Chan A. Children 
with coeliac disease and insulin dependent diabetes mellitus--
growth, diabetes control and dietary intake. J Pediatr Endocrinol 
Metab 1999; 12: 433-442 [PMID: 10821223 DOI: 10.1515/
JPEM.1999.12.3.433]

68	 Saukkonen T, Väisänen S, Akerblom HK, Savilahti E. Coeliac 
disease in children and adolescents with type 1 diabetes: a study 
of growth, glycaemic control, and experiences of families. Acta 
Paediatr 2002; 91: 297-302 [PMID: 12022302 DOI: 10.1111/
j.1651-2227.2002.tb01718.x]

69	 Saadah OI, Zacharin M, O’Callaghan A, Oliver MR, Catto-
Smith AG. Effect of gluten-free diet and adherence on growth 
and diabetic control in diabetics with coeliac disease. Arch Dis 
Child 2004; 89: 871-876 [PMID: 15321869 DOI: 10.1136/
adc.2002.012799]

70	 Valletta E, Ulmi D, Mabboni I, Tomasselli F, Pinelli L. Early 
diagnosis and treatment of celiac disease in type 1 diabetes. A 
longitudinal, case-control study. Pediatr Med Chir 2007; 29: 
99-104 [PMID: 17461097]

71	 Taler I, Phillip M, Lebenthal Y, de Vries L, Shamir R, Shalitin 
S. Growth and metabolic control in patients with type 1 diabetes 
and celiac disease: a longitudinal observational case-control study. 
Pediatr Diabetes 2012; 13: 597-606 [PMID: 22564209 DOI: 
10.1111/j.1399-5448.2012.00878.x]

72	 Savilahti E, Simell O, Koskimies S, Rilva A, Akerblom HK. 
Celiac disease in insulin-dependent diabetes mellitus. J Pediatr 
1986; 108: 690-693 [PMID: 3701514]

73	 Sun S, Puttha R, Ghezaiel S, Skae M, Cooper C, Amin R. The 
effect of biopsy-positive silent coeliac disease and treatment with 
a gluten-free diet on growth and glycaemic control in children 
with Type 1 diabetes. Diabet Med 2009; 26: 1250-1254 [PMID: 
20002477 DOI: 10.1111/j.1464-5491.2009.02859.x]

74	 Abid N, McGlone O, Cardwell C, McCallion W, Carson D. 

713 June 10, 2015|Volume 6|Issue 5|WJD|www.wjgnet.com

Akirov A et al . Co-occurrence of T1DM and CD



Clinical and metabolic effects of gluten free diet in children with 
type 1 diabetes and coeliac disease. Pediatr Diabetes 2011; 12: 
322-325 [PMID: 21615651 DOI: 10.1111/j.1399-5448.2010.00700.
x]

75	 Errichiello S, Esposito O, Di Mase R, Camarca ME, Natale 
C, Limongelli MG, Marano C, Coruzzo A, Lombardo M, 
Strisciuglio P, Greco L. Celiac disease: predictors of compliance 
with a gluten-free diet in adolescents and young adults. J Pediatr 
Gastroenterol Nutr 2010; 50: 54-60 [PMID: 19644397 DOI: 10.1097/

MPG.0b013e31819de82a]
76	 Sponzilli I, Chiari G, Iovane B, Scarabello C, Gkliati D, Monti 

G, Fanciullo L, de’Angelis GL, Vanelli M. Celiac disease in 
children with type 1 diabetes: impact of gluten free diet on diabetes 
management. Acta Biomed 2010; 81: 165-170 [PMID: 22530453]

77	 Bakker SF, Pouwer F, Tushuizen ME, Hoogma RP, Mulder CJ, 
Simsek S. Compromised quality of life in patients with both Type 
1 diabetes mellitus and coeliac disease. Diabet Med 2013; 30: 
835-839 [PMID: 23534496 DOI: 10.1111/dme.12205]

P- Reviewer: Chang HY    S- Editor: Gong XM    L- Editor: A    
E- Editor: Zhang DN

714 June 10, 2015|Volume 6|Issue 5|WJD|www.wjgnet.com

Akirov A et al . Co-occurrence of T1DM and CD



                                      © 2015 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


