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Abstract

Background: Type 1 diabetes mellitus (TIDM) is an autoimmune
disorder associated with increased risk of additional autoimmune dis-
eases (ADs) as celiac disease (CD). The aim of this study was to inves-
tigate the prevalence of CDs in a population of diabetic children along
with the presence of any suggestive clinical signs and symptoms of
CD and any effects of CD on the patients’ diabetic control and growth.

Methods: Data from diabetic patients in South Jordan attending the
diabetic clinic in the military hospital between 2014 and 2015 were
collected. The frequency of CD was calculated. A #-test comparison
between CD-seropositive and seronegative diabetic patients, the un-
adjusted and adjusted odds ratios (ORs) for age, gender, baseline gly-
cated hemoglobin (HbA1c), cholesterol and glucose levels, associat-
ed diseases, and body mass index with their 95% confidence intervals
(CIs) were evaluated.

Results: One hundred thirty-eight patients with TIDM (median age
16.5 years; 74 females) were recruited. The results showed that CD
was in (6.5%) of the patients. The body weight, body mass index,
baseline HbAlc and cholesterol levels were significantly different
between seropositive and seronegative patients (P < 0.05). Adjusted
ORs for the presence eczema and family history of TIDM in sero-
positive CD were 32.66 (95% CI: 2.68 - 398.85, P=0.0006), and 5.79
(95% CI: 1.07 - 31.33, P= 0.041), respectively. While the adjusted
odd ratio of having high HbAlc and high cholesterol levels in sero-
positive were 1.76 (95% CI: 1.13 - 2.74, P=0.01) and 1.02 (95% CI:
1.006 - 1.031, P <0.001) respectively.
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Conclusions: These findings suggest a need for a careful surveillance
of CD in patients with TIDM. This may help in improving the dia-
betic control and growth control, and avoidance of complications.
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Introduction

Type 1 diabetes mellitus (T1DM) is a common autoimmune
disease in children. The risk for other autoimmune disorders is
increased in children suffering from TIDM. Recent evidence
indicates that celiac disease (CD) is an autoimmune disease
characterized by immune-mediated damage to the mucosa of
the small intestine [1] and is triggered by the ingestion of glu-
ten in genetically susceptible individuals. Although CD was
once believed to be rare, recent studies have shown an increas-
ing incidence of CD in both pediatric and adult populations
[2]. However, diarrhea and weight loss which were believed
to be the hallmarks of CD, are observed less commonly in re-
cently diagnosed cases.

The association between T1DM and CD has been demon-
strated in children. There is also evidence of common genetic
basis for disease expression, as both diseases are associated
with the major histocompatibility complex class II antigen
DQ2 encoded by the alleles DQA1*501 and DQB1*201 and
seven shared non-human leucocyte antigen (HLA) loci [3].
Globally, the estimated prevalence of CD in the general popu-
lation is around 1% [4], but it increases by 5- to 7-fold when
concomitant with TIDM [5]. This variation in coexistence is
determined by geographical/genetic predisposition and diabe-
tes duration. The prevalence of CD in association with TIDM,
as estimated in two studies conducted in north India [6, 7]
ranges from 11% to 17%. However, according to the European
studies, the prevalence of CD in diabetic populations ranges
from 1.5% to 4.6% in children, and 2% to 4.1% in adults [8, 9].

CD has protean manifestations, but majority of patients
with coexisting TIDM do not have classical gastrointestinal
symptoms of CD. They are either asymptomatic or manifest
with atypical features such as short stature, refractory anemia,
delayed puberty, osteopenia and other autoimmune disorders
such as thyroiditis and autoimmune hepatitis [5]. Clinical find-
ings suggestive of CD in T1DM include unpredictable blood
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Table 1. Demographic Data (Total = 138, Male = 64, Female = 74)

Variable Minimum Maximum Mean Standard deviation
Age (years) 1.00 26.00 16.53 5.62

Weight (kg) 7.00 133.00 62.52 23.38

Length (cm) 75.00 186.00 1.57 20.30

BMI 7.77 48.29 24.48 7.05

HbA Ic value (%) 6.40 12.80 8.67 1.56

Triglycerides value (mg/dL) 48 430.00 2.10 136.71

Cholesterol value (mg/dL) 68.00 400.00 2.15 88.17

Fasting glucose value (mg/dL) 51.00 450.00 1.20 52.33

Hemoglobin level (Hb) 7.67 17.00 12.14 1.68

glucose levels, recurrent episodes of hypoglycemia and growth
failure [10]. These symptoms are often attributed to poor gly-
cemic control. Failure to recognize coexisting CD may pre-
dispose the affected individuals to increased risk of growth
failure, osteoporosis, infertility and gastrointestinal lymphoma
[11]. It is also speculated that continuous exposure to gluten
may facilitate development and progression of other autoim-
mune diseases apart from CD [12]. Hence, it is important to
actively screen for CD in patients with TIDM at the time of
diagnosis, as well as during subsequent follow-ups. This will
help optimize insulin therapy, achieve good glycemic control
and reduce the risk of complications due to both TIDM and
CD[13].

Even though the gold standard for the diagnosis of CD is
duodenal biopsy, serologic screening for CD has been proven
beneficial. According to the Agency for Healthcare Research
and Quality (AHRQ) report, using histology as reference
standard, IgA-anti-tissue transglutaminase (tTG) tests appear
highly accurate to diagnose CD, yet it is not invasive [14, 15].

The prevalence of celiac disease among children in Jordan
was examined in 2010 and was reported at 1% [16]. However,
a screening study on CD in T1DM patients has never been con-
ducted.

Thus, the aim of the present study was to establish the
prevalence of celiac disease among patients with TIDM in
South Jordan, along with the presence of any suggestive clini-
cal signs and symptoms of CD and any effects of CD on the
patients’ diabetic control and growth.

Methods

After obtaining the approval from the scientific and ethics
committees, 138 patients with TIDM attending the diabetic
clinic in the military hospital were interviewed. Once writ-
ten consent was obtained from the patients or their parents,
the patients completed a questionnaire focusing on their age,
weight, height, diabetes control, and symptoms and signs of
celiac disease, such as heartburn, weakness, eczema, joint
pain, numbness, depression, menstrual cycle abnormality, lac-
tose intolerance and growth retardation, personal history and
family history of CD, osteoporosis, chronic anemia, depres-
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sion, chronic eczema, thyroid dysfunction, infertility, vitiligo,
irritable bowel disease, etc. In addition, serum samples were
obtained from each participant and were analyzed in dupli-
cates for IgA antibodies to human tTG using enzyme linked
immunosorbent assay (ELISA) (Orgentec Diagnostika GmbH,
Mainz, Germany). The test has a lower detection limit of 1.0
U/mL and 10 U/mL was the cut-off point for a positive re-
sult. Patients positive for the antibody were asked to repeat
the test. Among the seropositive group, those with anti-tTG
levels > 3 times the reference cut-off were advised to undergo
endoscopic biopsy, as per the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition criteria [17]. Se-
rum IgA levels were measured in children with negative celiac
serology to detect IgA deficiency. Other blood tests, such as
CBC, hemoglobin (Hb), FBS, HbAlc and biochemistry, were
obtained from the patients’ records.

Statistical analyses

The data were analyzed using SPSS software version 16.0
(SPSS Inc., Chicago, USA). Continuous variables were sum-
marized as mean + SD, while categorical variables were re-
ported as frequencies and percentages. Proportion of sero-
positive children with confirmed CD was calculated and 95
percent confidence interval (CI) was determined [18]. Simple
logistic regression [19] was applied to study the association of
variables (like age, sex, height, body mass index (BMI), FBS,
cholesterol, Hb, triglycerides, HbAlc levels and CD-related
symptoms) in TIDM with celiac seropositivity. The odds ra-
tios (ORs) with P value were calculated.

Results

Demographic data

Table 1 shows the demographic characteristics of the study
sample, comprising of 64 diabetic males and 74 diabetic fe-
males. The sample mean age was 16.5 years and the average
T1DM duration was 48 months. Their fasting blood sugar was
relatively high.

www.jofem.org



Albatayneh et al

J Endocrinol Metab. 2018;8(2-3):37-42

100.00%
90.00%
80.00%
70.00%
80.00%
50.00%
40.00%
30.00%
20.00%

10.00%
I 0.00%

seropositive patients

seronegative patients

Figure 1. Prevalence of diabetic patients that have celiac seropositive
results = 6.5% (9/138).

Prevalence of celiac disease

Records of 138 children and adolescents (64 males and 74
females) with TIDM were reviewed. The mean age at enrol-
ment was 16.9 £ 5.3 and 16.2 + 5.9 years for boys and girls,
respectively. Nine children (6.5%; 95% CI: 3.47 - 11.93) were
seropositive for CD with IgA anti-tTG levels > 3 times the
reference cut-off, with a higher rate in females (6.760%; 95%
CI: 2.92 - 14.86) compared to males (6.25%; 95% CI: 2.46 -
15.00) (Fig. 1, 2). However, the difference was not statistically
significant (P > 0.05). None of the participants with negative
serology were found to be IgA deficient.

Characteristics of seropositive patients

The mean age at presentation was significantly lower among
seropositive compared to seronegative individuals (P = 0.024),
and the mean weight and BMI values were lower among sero-
positive as compared to seronegative children (P value =0.015,
0.022, respectively). Higher baseline glycated hemoglobin
(HbA1c) and cholesterol levels in seropositive patients were
noted as well (P value = 0.007, 0.001, respectively) (Table 2)

Diseases associate with celiac-seropositive patients

The probability of having personal complaint of eczema or
being diagnosed with eczema was significantly higher in CD-
positive diabetic patients (P = 0.025 and 0.006, respectively).

7.00%

6.80%

 6.60%

r 6.40%

 6.20%

- 6.00%

- 5.80%
Male Female

Figure 2. Prevalence of celiac-seropositive patients among males
(4/64) and females (5/74).
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Table 2. The Significant Different Numerical Variables Be-
tween IgA Seropositive and Seronegative Diabetic Patients

IgA-TGA Mean SD P value

Age (years) No 16.81 556 0.024
Yes 12.44 525

Weight (kg) No 63.80 22.79 0.015
Yes 4422 2529

HbA Ic value (%) No 8.57 1.51  0.007
Yes 10.00 1.62

Cholesterol value (mg/dL) No 208.43 87.03 0.001
Yes 308.89 36.56

BMI No 24.84 7.014 0.022
Yes 19.30 5.56

Furthermore, the prevalence of family history of celiac disease
and T1DM was greater in celiac-positive diabetic patients (P
value = 0.004, and 0.019, respectively) (Table 3). Stepwise
binary logistic regression with backward entry with the IgA-
TGA seropositive as the dependent variable, and all the previ-
ous significant characteristics shown in Table 3 as independ-
ent variables was used to determine a subset of characteristics
that best predicts the presence of celiac disease within the
target population (Table 4). The findings indicate that, among
the children that are seropositive for celiac disease, personal
complaints of eczema and family history of TIDM are about
32 and 5 times more frequent, respectively, compared to their
healthy counterparts.

To identify numerical variables that are the best predic-
tors of celiac disease, multiple logistic regression was used,
in which the significant characteristics shown in Table 2 were
treated as independent variables (Table 5). The findings indi-
cate that, among the children that having celiac disease with
diabetes, the rates for reported high Hb1AC and cholesterol
levels are about 1.76 and 1.02, respectively, as high as in their
diabetic counterparts.

Clinical features of CD

Typical clinical features of CD were analyzed in IgA TGA-
positive patients (Fig. 3). The common symptoms, such as ab-
dominal fullness, diarrhea and weight loss, were present only
in two patients, whereas the uncommon ones, including joint

Table 3. The Significant Difference of Categorical Variables
Between IgA Seropositive and Seronegative Diabetic Patients

Variables P value*
Patient complain of eczema 0.025
Patient diagnosed as eczema 0.006
Family history of celiac disease 0.004
Family history of DM 1 0.019

*Fisher exact P value.
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Table 4. Logistic Regression Showing the Predictor Variable for Seropositive Diabetic Patients

95% CI (AOR)
Categorical variable P-value AOR*
Lower Upper
Patient’s diagnosis of eczema 0.006 32.662 2.675 398.846
Family history of TIDM 0.041 5.794 1.072 31.328
*Adjusted odd ratio.
Table 5. Linear Regression for Numerical Variables Associated With IgA Seropositivity
Variable AOR* 95% CI (AOR) Chi-square P value
HbAlc 1.76 1.134 -2.741 6.66 0.010
Cholesterol 1.018 1.006 - 1.031 12.78 <0.001

*Adjusted odds ratios.

pain, were noted in six patients. General weakness and numb-
ness was reported by five patients.

Discussion

In this study, the overall prevalence of CD in patients of all
ages with TIDM was 6.5%, which is about 6 times higher
compared to that in the general population and was compara-
ble to that reported in other studies conducted in Arab coun-
tries. The reported prevalence of CD in the TIDM patients
from Saudi Arabia is 10% [20], while 16.4% was reported for
Algeria 16.4% [21] and 11% for Iraq [22]. The difference in
the prevalence of CD across geographical locations was attrib-
uted to the variations in the distribution of the HLA genotypes.
Furthermore, study designs were incompatible, as variability
in population studied; population size, testing procedures, and

the definition of a seropositive result were noted. In addition,
the serological tests used to estimate the disease prevalence
varied.

The sequence of appearance of TIDM and CD cannot be
predicted. Pediatric patients with TIDM are not screened for
CD, even though overt diabetes and celiac disease can be ul-
timately diagnosed at approximately the same age [23]. The
children who developed both diabetes- and CD-associated
antibodies generated the two types of antibodies usually in
a random order within a short time interval. One possibility
is that the children with CD-associated antibodies serocon-
verted to positivity for diabetes-associated autoantibodies
earlier than those who did not have CD-associated antibodies,
so that celiac disease developed earlier than diabetes [24, 25].
Whereas, results differ clearly in another study, in which dia-
betes-associated autoantibodies developed earlier than celiac
disease-associated antibodies [26] and the diagnosis of T1DM

Sum

IGA-TGA

M Abdominal fullness
MDiarrhea
Clgeneral weakness
MEczema

OJoint pain
Enumbness
Eweight loss

O Hairloss

Figure 3. Number of celiac seropositive patients who have celiac-related symptoms.
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usually precedes CD [23]. In our study, the patients suffering
from both CD and diabetes were younger than the patients af-
fected by diabetes only, which may be explained by the fact of
that CD-associated antibodies seroconverted to positivity for
diabetes-associated autoantibodies earlier than having just dia-
betes autoantibodies [24].

The predominance of female gender among CD group in
the present study has been observed previously [24, 25]. Au-
thors of a multicenter study conducted in Italy demonstrated a
positive association between female gender and the develop-
ment of CD [27].

Studies on impact of CD on diabetes control and growth
in children with TIDM have yielded conflicting results [21].
Our observation of poor diabetic control, a lower weight and a
lower BMI in patients with coexisting TIDM and CD was in
agreement with reports from Indian [6] and other studies [28].
In addition, our results showed that the coexisting hypercho-
lesterolemia increased the odds of CD in children with TIDM,
which was noted in many studies. Moreover, it may increase
the risk of cardiovascular disease in children with TIDM and
untreated CD [29]. In this study, the patients suffering from ce-
liac disease showed a higher risk of having concomitant ecze-
ma. A similar association has been reported in extant literature
[30, 31]. One theory is that serum IgG antibodies reactive with
different dietary proteins have been detected in a significant
proportion of adult patients with CD and dermatitis herpeti-
formis. Moreover, atopic eczema and the protective antibody
IgG4 anti-gliadin antibodies were less prevalent in the serum
of patients with CD than in healthy controls, suggesting defec-
tive downstream switching of Ig heavy-chain genes in these
conditions [32].

Screening high-risk groups may be beneficial. In our
study, having family history of TIDM or CD was a good pre-
dictor for celiac disease. This finding is in line with results
reported by other authors. For example one study showed that
an increased prevalence of CD autoimmunity in the children
of parents diagnosed with TI1DM, and another study suggested
a prevalence of CD of 3-7% of T1DM and 4% - 10% of first-
degree family members [33, 34].

From a clinical perspective, our study showed that symp-
toms presented by our patients with CD cannot be used to pre-
dict the disease as some non-CD patients report these symp-
toms, so they were not specific to CD making diagnosis on
purely clinical grounds more difficult.

Because the prevalence of CD is higher in patients with
T1DM, screening programs for CD as part of routine care
should be instituted. From a medical perspective, numerous
advantages may be obtained from screening asymptomatic
diabetic patients, including the potential for improved dia-
betic control, growth control and avoidance of extra-intestinal
manifestations of CD, notably osteopenia and malignancy [35,
36]. Moreover, by early screening, the effects of an additional
chronic disease, such as CD, on the quality of life in diabetic
patients may be reduced. Unfortunately, we are not aware of
any extant studies that address the psychosocial effects of CD
in asymptomatic diabetic patients.

This study had several strengths, including that the sero-
logical results were confirmed by conducting the tests in trip-
licates. The shortcomings of this study may include its retro-
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spective design and variable duration of follow-up, as well as
a small sample size, which would limit generalizability of our
findings to other populations. Furthermore, we used serology-
based prevalence study as the main estimate of CD in the stud-
ied population. This may result in false positive as well as false
negative CD cases because the correlation between serological
markers and small bowel biopsy is not 100%. Even though we
were able to identify silent CD-positive cases in an at-risk pop-
ulation by using rigorous and uniform diagnostic criteria for
both TIDM and CD, clinical benefits of identifying all cases
of CD remain controversial [37].
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