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Abstract
Background

Prevalence of Celiac disease (CD) increased worldwide in recent decades. Approximately 53% of the 33.4
million Saudi population are genetically susceptible and 1.5% develop CD. This underscores the
importance of identi�cation of factors associated with CD and the diagnostic accuracy of CD screening
tests.

Methods

In this case-control study records of patients managed between January 2016 and July 2019 at
Gastroenterology Department, King Abdul-Aziz Medical City, Riyadh, Saudi Arabia were reviewed. CD
cases with con�rmed intestinal biopsy were matched (1:1) by age with biopsy negative controls free of
CD. Area under the curve (AUC) for anti-tissue transglutaminase IgA (TTG-IgA) and IgG (TTG-IgG) CD
diagnostic tests were calculated and compared.

Results

The study included 270 cases and 270 controls. Sex distribution was similar in both groups. In a stepwise
conditional logistic regression analysis, factors signi�cantly associated with CD were family history
(odds ratio (OR)=7.76, 95% con�dence interval (CI): 2.26-26.63, P=0.001), Helicobacter pylori infection
(OR=1.72, 95% CI: 1.10-2.71, P=0.018), diabetes mellitus (OR=3.37, 95% CI: 1.68-6.74, P=0.001),
hypothyroidism (OR=2.46, 95% CI: 1.15-5.28, P=0.02) and respiratory infections (OR=4.89,95% CI 2.26-
10.56, P<0.001). AUC for TTG-IgA test was 0.934 and for TTG-IgG was 0.787, P<0.001. The optimal cut-
off for TTG-IgA was >=12.7 U/ml, with 89% sensitivity and 86% speci�city, and for TTG-IgG was >=3.5
U/ml, with 70% sensitivity and 77% speci�city.

Conclusion

The �ndings of this study can inform strategies for CD screening and prevention. Public awareness
campaigns for CD are urgently needed, particularly, for high-risk groups.

Background:
Celiac Disease (CD) is a complex digestive disorder caused by an abnormal immune reaction to gluten
and usually results from interaction of genetic, immune, and environmental factors [1]. It is a chronic
autoimmune disease known as gluten-sensitivity enteropathy where small intestinal mucosa is affected
by chronic in�ammation upon gluten intake [1, 2]. It occurs in genetically susceptible individuals with
Human Leukocyte Antigen (HLA) DQ2, DQ8 [1, 2]. CD can develop at any age and can lead to malnutrition
and other serious health complications, including permanent intestinal damage [1, 3].
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CD diagnosis is often di�cult to establish and usually is misdiagnosed as irritable bowel syndrome (IBS)
due to long-term nonspeci�c symptoms [4, 5]. As such, physicians should be aware of the possibility of
celiac disease in such cases [4, 5]. Screening strategies for CD are controversial and the need for mass
population screening or testing only high-risk groups has been widely debated [6, 7]. In general, studies
report higher prevalence of CD based on serological testing compared to studies that report only
con�rmed cases through small intestinal biopsy [6, 8, 9].

Diagnosis of CD patients is based on serological screening tests for antibodies that include tissue
transglutaminase(TTG) or endomysial antibodies (EMA) followed by duodenal biopsy con�rmation,
which is considered the gold standard diagnostic tool [2, 6]. Diagnosis of CD in early stage is important to
initiate treatment and prevent development of serious morbid events such as gastrointestinal carcinoma
or lymphoma [10, 11].

The prevalence of CD has increased substantially in recent decades [6, 9]. Recent projections indicate that
the number of CD cases for the Mediterranean region in 2020 would amount to 5 million with a medical
cost of €4 billion over the 10 years period between 2010 and 2020 for management of symptomatic
patients [12]. A meta-analysis conducted in Saudi Arabia in 2018 showed that seroprevalence of CD,
based on serological testing was 2.7% and 1.4% for cases con�rmed by biopsy [8]. A cross-sectional
study estimated a prevalence rate of 1.5% among school children [6]. A study by Al-Hussaini et al.
showed that more than half of the Saudi population is genetically susceptible to develop CD; despite
52.7% of the Saudi population carries CD genes, only 1.5% develop CD [13]. This underscores the role of
environmental factors interacting with genetic susceptibility [13].

The etiology of CD remains not fully understood. The risk is higher in those with family history,
particularly �rst-degree relatives, and is highest in twins [7, 14]. However, many environmental factors can
trigger CD in genetically susceptible individuals such as comorbidities, gastrointestinal infections (e.g.
rotavirus), and antibiotics use [15–21]. Some comorbidities have been associated with higher risk of CD
such as type 1 diabetes [15, 22]. Gastrointestinal infections (e.g. Rotavirus), in particular, may initiate the
onset of CD through molecular mimicry resulting in autoimmunity and attacking of intestine [16, 23, 24].
Identi�cation of these triggers may assist in early diagnosis as well as disease prevention through
provision of prophylaxis and vaccination for high-risk group. However, most of the studies conducted in
the Arab countries focused on prevalence and clinical pattern of disease. Although many studies
evaluated the diagnostic utility of available CD serological tests, evidence for the optimal cut off for
screening is lacking.

To our knowledge, there have been no published studies to identify factors associated with CD in Saudi
Arabia. Therefore, the aim of this study is to determine factors associated with celiac disease and assess
the diagnostic accuracy of the most widely used CD screening anti-tissue transglutaminase tests in Saudi
Arabia.

Methods
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This matched case-control study was conducted at King Abdulaziz Medical City (KAMC) in Riyadh, Saudi
Arabia. The study was approved by the Institutional Review Board of King Abdullah International Medical
Research Centre (IRB No. SP19/103/R).

Medical records of patients managed between January 1, 2016 and July 31, 2019 in the Gastroenterology
Department at KAMC were reviewed. Celiac disease status was con�rmed by serology and intestinal
biopsy. Patients with inconsistent results in the pathology report and those who did not undergo
endoscopy were excluded. Controls were recruited from the same department who underwent
esophagogastroduodenoscopy (EGD) and had normal duodenum, and biopsy negative for CD. Matching
was done on 1:1 basis, stratifying patients by age group (1–7, 8–15, 16–35, 36–50, > 50 years).
Inpatients and complicated cases such as cancer patients were excluded.

Preliminary data were provided by KAMC research data management center and patients were identi�ed
based on the ICD 10 disease coding system and cross checked by reviewing patient's electronic medical
records (the hospital BESTCare database system). Variables collected included demographics, pathology
reports, laboratory reports and comorbidities, such as age, body mass index (BMI), family history,
diabetes, hypertension, heart disease, hypothyroidism, gastrointestinal infections (gastritis with
Helicobacter pylori, gastroenteritis with enteric pathogens (Salmonella & Shigella) and Rota virus.
Furthermore, non-intestinal infections such as respiratory infections were included due to possibility of
association with CD. Laboratory results data included anti-tissue transglutaminase IgA (TTG-IgA), anti-
tissue transglutaminase IgG (TTG-IgG), anti-endomysial antibodies IgA (EMA), antigliadin antibodies
(AGG) and total serum IgA.

Statistical Analysis
Numerical data variables were expressed as mean (SD) and categorical variables as frequencies. The χ2

or Fisher's exact tests were used, as appropriate, to compare categorical variables and the student-t test
to compare numerical variables. A binary stepwise conditional logistic regression model was �tted to
identify factors associated with CD. Celiac status was modeled as the dependent variable. Odds ratio
(OR) and 95% con�dence intervals (CI) were used to express the strength of association. A receiver
operating characteristics (ROC) curve was constructed to test and compare diagnostic accuracy of TTG-
IgA and TTG-IgG. Sensitivity and speci�city based on selection of the best cut-off were reported. All tests
were two-sided and a P value of < 0.05 was considered statistically signi�cant. IBM Statistical Package
for Social Sciences SPSS version 25 (IBMSPSS, Chicago, USA) and STATA version 15 (StataCorp, Texas,
USA) were used for data analysis.

Results
A total 540 patients were enrolled in this study; 270 cases and 270 controls. Demographic and clinical
characteristics for cases and controls are summarized in Table 1. Distribution of gender in the two groups
was similar, P = 0.409. Approximately 58% of patients in each group were pediatric. However, there was a
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signi�cant difference in mean (SD) BMI between the two groups; 21 (6) in cases vs 20 (7) in controls, P = 
0.026.

Table 1
Baseline characteristics

Characteristics Cases

n %

Controls

n %

P

Gender          

Male 84 31.1 93 34.3 0.409

Female 186 68.9 177 65.6

BMI (mean, SD) 21 6 20 7 0.026

CD positive family history 23 8.5 3 1.1 < 0.001

Diabetes 54 20 17 6.3 < 0.001

Type 1 DM 48 89 6 35  

Type 2 DM 6 11 11 65  

Heart diseases 9 3.3 11 4.1 0.649

Hypertension 11 4.1 28 10.4 0.005

Hypothyroidism 31 11.5 13 4.8 0.005

Iron de�ciency anemia 39 14.4 43 15.9 0.631

Growth hormone de�ciency 30 11.1 30 11.1 1.000

Vitamin D de�ciency 21 7.8 25 9.3 0.537

Down syndrome 3 1.1 1 0.4 0.624

Asthma 7 2.6 33 12.2 < 0.001

H. pylori gastritis 76 28.1 51 18.9 0.011

Enteric infections 2 0.7 4 1.5 0.686

Rota virus 3 1.1 9 3.3 0.080

Respiratory infections 49 18.1 12 4.4 < 0.001

*P value: χ2 test for categorical data, t-test for continuous data.

Family history was signi�cantly higher among cases compared with controls (8.5% vs. 1.1%, P = 0.001)
as well as diabetes (20% vs. 6.3%, P = 0.001); Type 1 DM predominated in cases (89%) while type 2 DM
was the predominant type among controls (65%). The proportion of patients with hypothyroidism was
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signi�cantly higher among cases (11.5%) compared with controls (4.8%), P = 0.005. However, the
proportion of patients with hypertension (10.4% vs 4.1%, P = 0.005) or asthma (12.2% vs 2.6%, P = 0.001)
was signi�cantly higher in controls compared with cases. No signi�cant difference was observed in
proportion of patients with heart diseases (P = 0.649), Iron de�ciency anemia (0.631) or down syndrome
(0.624) between the two groups.

In regard to infectious diseases, the proportion of patients with Helicobacter pylori infection (28.1% vs.
18.9%, P = 0.011) or respiratory infections (18.1% vs. 4.4%, P = 0.001) was signi�cantly higher in cases
compared with controls. No signi�cant difference was observed in the proportion of patients with enteric
infection (P = 0.686) nor for Rotavirus (0.08) between the two groups. 1.15–5.28

In a stepwise binary conditional logistic regression, variables independently associated with the likelihood
of CD were family history (OR = 7.76, 95% CI 2.26–26.63, P = 0.001), diabetes (OR = 3.37, 95% CI 1.68–
6.74, P < 0.001), hypothyroidism (OR = 2.46, 95% CI 1.15–5.28, P = 0.02), Helicobacter pylori infection (OR 
= 1.72, 95% CI 1.10–2.71, P = 0.018), and respiratory infections (OR = 4.89, 95% CI 2.26–10.56, P < 0.001)
(Table 2).

Table 2
Stepwise conditional logistic regression analysis for factors

associated with celiac disease
Variables Odds ratio 95% CI P

H. pylori 1.72 1.10–2.71   0.018

Family history 7.76 2.26–26.63   0.001

Diabetes 3.37 1.68–6.74   < 0.001

Hypothyroidism 2.46 1.15–5.28   0.021

Respiratory infections 4.89 2.26–10.56   < 0.001

Of the several serological tests done, anti-tissue transglutaminase (TTG) test values differed signi�cantly
between cases and controls (Fig. 1). We therefore performed a further analysis to determine the accuracy
for both forms of this test; the TTG-IgA test and the TTG-IgG test. Area under the curve (AUC) for the TTG-
IgA test was 0.9337 and for TTG-IgG test was 0.7868 ( Figs. <link rid="�g3">2</link>-A and 2-B). AUC of
the two tests were signi�cantly different (P < 0.001) as shown in Table 3. The best cut off for each test
was selected based on the value that provided maximum sensitivity and speci�city. The best cut off for
TTG-IgA was > = 12.7 U/ml with 89% sensitivity and 86% speci�city. The best cut off for TTG-IgG was > = 
3.5 U/ml with 70% sensitivity and 77% speci�city. These analyses shows the superiority of TTG-IgA for
CD screening and diagnosis.
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Table 3
AUC comparison of TTG-IgA vs TTG-IgG screening tests for celiac disease

Test ROC Area Std. Err. chi2 df Pr > chi2 Bonferroni Pr > chi2

TTG-IgA (standard) 0.934 0.012

TTG-IgG 0.787 0.022 47.65 1 <0.001 <0.001

Discussion:
The present study identi�ed independent factors associated with celiac disease in Saudi population,
including family history, diabetes mellitus, hypothyroidism, respiratory infections, and H. pylori infection.
In addition, diagnostic accuracy of serological tests showed superiority of anti-tissue transglutaminase
IgA as a screening tool for CD.

Our study �ndings concur with a previous population based study that reported a 2.5 times higher risk of
CD among patients who had �rst degree relatives affected by CD in USA [14]. However, the higher
magnitude of CD risk observed among patients with familial link, in this study, indicate a population
speci�c greater risk of CD in Saudi Arabia.

Furthermore, it is interesting to note the signi�cant association between diabetes mellitus,
hypothyroidism and CD in this study. Among diabetic CD cases, predominant number of patients had
type 1 diabetes mellitus (T1DM). Similar �ndings were observed in previous studies, where prevalence of
CD was 17.9% based on serology, and 11.3% based on biopsy among T1DM children in Saudi Arabia [25].
In addition, our results are consistent with previous studies that showed higher prevalence of
hypothyroidism among celiac disease patients in Italy, Sweden, Brazil and other countries [26–30]. A 3-
fold higher prevalence of hypothyroidism was observed among CD cases (12.9% vs 4.2% in controls) in
an Italian multicenter study [26], whereas the risk of hypothyroidism was over 4-fold in a Swedish study
[27]. In a meta-analysis, a signi�cant increase in the prevalence of hypothyroidism was found in CD
patients compared to controls (OR = 3.38, 95% CI: 2.73–4.20) [30]. In particular, CD was linked to
autoimmune thyroid disease [29, 31–33]. Our �ndings support the link between autoimmune disorders
and CD, possibly through a shared genetic predisposition in susceptible individuals [34]. It is noteworthy
that genetic risk of CD was related to HLA genotypes DQ2 (90%) and DQ8 that could account for the link
to autoimmune disorders such as T1DM and autoimmune thyroid disease [34].

Although the present study found a positive association, the evidence for association between H. pylori
infection and CD has been controversial. Some studies reported H.pylori as a risk factor [35], some as a
protective factor [36, 37], while others found no association [38]. Konturek et al., reported a higher
frequency of H. pylori in patients with CD than in controls (26% vs. 20%) in Germany [35]. However, other
studies, including a recent meta-analysis found an inverse relationship between H. pylori and CD; pooled
OR was 0.56 indicating a protective effect [36, 37]. Uyanikoglu et al., compared the prevalence of H.pylori
in CD positive and negative patients and found no signi�cant difference [38]. But, small sample size of
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the cases (n = 31) would have limited the study power in detecting any signi�cant difference. Although
mechanistic evidence indicate a possible role of molecular mimicry in triggering autoimmune response in
H. pylori infection, future research should address the ambiguity in evidence pertaining to development of
CD in genetically susceptible individuals [38–40].

In addition, the positive association observed between respiratory infections and CD, and lack of
association with enteric infections caused by Shigella and Salmonella species indicate diverse role
played by infectious agents in triggering autoimmune response. Our results were in agreement with an
Italian cohort study, which reported a 2-fold higher risk of CD among high-risk newborns (with a family
history) who experienced respiratory infections during their �rst 2 years of life [41]. Further studies are
needed to con�rm these �ndings, and relevant mechanistic pathway in high-risk groups.

The present study also assessed diagnostic accuracy of screening tests for CD, and superiority of TTG-
IgA as a screening tool is evident. This suggest that, in a resource-constrained setting, TTG- IgA could be
the optimal CD screening tool. Based on our data, the best cut-off is > = 12.5 U/ml for this marker.
However, our proposed cut-off was much lower than that was reported by Al-Hussaini et al., (anti-TTG-IgA
of > 63 U/ml) [25], likely due to differences in population under study; Al-Hussaini et al., study was based
on high risk pediatric patients with type 1 DM, whereas the present study was based on both adults and
children. It is interesting to note that the sensitivity (91.6%) and speci�city (93.6%) of TTG-IgA was higher
in high-risk population, indicating the need to identify broader high-risk groups based on associated
factors [25].

To the best of our knowledge, this is the �rst case-control study to investigate the factors associated with
CD in Saudi Arabia. The strength of this study is selection of CD cases and controls without CD based on
gold-standard intestinal biopsy. In contrast, many studies in the past used cases based on seropositivity
and controls based on clinical absence of disease. Thus, it is di�cult to exclude the potential of
misclassi�cation bias in those studies. In addition, we ensured absence of CD among controls by
selecting patients with normal duodenal biopsy, thereby avoiding inclusion of asymptomatic celiac
patients as controls.

This study has some limitations that should be acknowledged. The associations of CD with comorbid
conditions should be interpreted with caution, and further studies are needed to con�rm the association
of CD with the comorbidities investigated in this study. This is a one-center hospital-based study, thereby
limiting the generalizability of study �ndings. However, KAMC is a large referral tertiary medical city that
caters to a wide range and spectrum of patients that may typically represent patients with CD in Saudi
Arabia. The known limitations of the retrospective design apply to this study. Prospective multicenter
studies are needed to con�rm our �ndings.

CD remain largely under diagnosed [42–45]. Our study �ndings could aid in identifying high-risk groups
for screening. Future studies in the Arab world should further explore CD associated risk factors in diverse
populations, accuracy of available screening tests, and determining the role of environmental triggers,
such as indoor and outdoor air pollution, life style and dietary habits associated on CD.
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Conclusion
In conclusion, this study identi�ed several factors associated with CD that could aid in identifying high-
risk groups. The superiority of TTG- IgA established in our setting could improve CD diagnosis and
screening efforts, as mass screening is not feasible. In addition, development of relatively non-invasive
accurate screening procedures may improve screening compliance, especially among children, where
performing an endoscopy is challenging. Further prospective and multicenter studies are needed to
expand the knowledge of risk factors and develop innovative screening tools for CD.
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Figures

Figure 1

Celiac serology pro�le: cases vs controls

Figure 2

A. ROC curve for TTG-IgA. B. ROC curve for TTG-IgG


