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Objective: To characterize patients with celiac disease (CD), examines the clinical

spectrum of CD, and evaluate the performance of serologic tests used for CD

screening, in the United Arab Emirates (UAE).

Methods: Medical charts of patients received at the Digestive Diseases Institute

of Cleveland Clinic Abu Dhabi from January 2015 to December 2020 were

reviewed. Patients who were screened for four serologic biomarkers (anti-tissue

transglutaminase IgA [Anti-tTG-IgA], anti-tissue transglutaminase IgG [Anti-TtG-

IgG], anti-deamidated gliadin peptide IgG [Anti-DGP-IgG], and anti-deamidated

gliadin peptide IgA [Anti-DGP-IgA]) were included. Histopathology was performed

on patients with the seropositive test. Marsh score > 1 considered to confirm CD.

Characteristics of the Anti-tTG-IgA seropositive patients were described and that

correlated with histopathologically confirmed CD were explored.

Results: Of the 6,239 patients, 1.4, 2.9, 4.7, and 4.9%, were seropositive to Anti-

tTG-IgG, Anti-TtG-IgA, Anti-DGP-IgA, and Anti-DGP-IgG, respectively. Overall,

7.7% were seropositive to either of the four biomarkers. Of the biopsy-screened

300 patients, 38.7% (1.9% of the total serologically screened) were confirmed

with CD. The mean age of Anti-TtG-IgA seropositive patients was 32.1 ± 10.3

SD years, 72% of them were females, and 93.4% were Emirati. In those patients,

overweight (28.7%) and obesity (24.7%) were common while 5.8% of patients

were underweight. Anemia prevalence was 46.7%, 21.3% had Gastroesophageal

reflux disease (GERD), 7.7% with autoimmune thyroid disease, 5.5% (type 1), and

3.3% (type 2) were diabetic. Vitamin D deficiency was observed in 47.8% of the

Anti-TtG IgA seropositive patients. Twelve (10.3%) histopathologically confirmed

CD patients were seronegative to Anti-TtG-IgA but seropositive to anti-DGP-IgA

and/or Anti-DGP-IgG. Body mass index, GERD, autoimmune thyroid disease, type

1 diabetes, asthma, hemoglobin, and vitamin D concentration, were all correlated
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with biopsy-confirmed CD (P < 0.05). Compared to the gold-standard biopsy

test, Anti-TtG-IgA had the highest sensitivity (89.7%) and specificity (83.7%).

Conclusion: Three and two of every 100 patients were serologically (anti-tTG-IgA

positive) and histopathologically diagnosed with CD, respectively. Although Anti-

TtG-IgA is the most sensitive, specific, and commonly used test, one of every

ten histopathologically confirmed patients and Anti-tTG-IgA seronegative were

seropositive to Anti-DGP. To avoid missing patients with CD, a comprehensive

serological investigation covering DGP-IgG/IgA is warranted.

KEYWORDS

celiac disease, serologic biomarkers, gastroenterology, duodenal biopsy, Cleveland
Clinic, United Arab Emirates

Introduction

Celiac disease (CD) is a chronic autoimmune gastrointestinal
disorder in which dietary gluten enhances the immune response
in genetically susceptible patients (i.e., those with human leukocyte
antigen (HLA)-DQ2 or -DQ8 haplotypes) (1). In patients with CD,
the ingestion of gluten causes varying degrees of inflammatory
damage to the mucosa of the small intestine, leading to nutrient
malabsorption (2). According to results of a systematic review
by Singh et al. (3), the global prevalence of CD based on
serologic markers and biopsy results is estimated at 1.4 and 0.7%,
respectively. The biopsy-proven prevalence of CD is high in Europe
and Oceania (0.8%) and low in South America (0.4%) and is higher
in females (0.6%) than in males (0.4%) and in children (0.9%) as
compared to adults (0.5%) (3). According to previous research,
CD is closely associated with other autoimmune endocrine diseases
including type 1 diabetes and autoimmune thyroid disease (4, 5).
Thus, several international guidelines recommend the screening of
CD in patients with type 1 diabetes and/or autoimmune thyroiditis
(6, 7).

Patients susceptible to CD usually present with various
symptoms due to malabsorption following histopathologic changes
and damage to the duodenal mucosa. Possible clinical and
subclinical symptoms include weight loss, diarrhea, steatorrhea,
abdominal distension, iron deficiency anemia, osteoporosis,
neurologic disease, non-specific abdominal symptoms, dermatitis
herpetiformis, or malignancies (2), with the severity of symptoms
varying between adults and children (8).

Although duodenal biopsy is the gold standard test for
diagnosing CD, multiple serologic biomarkers are widely used (9).
The anti-tissue transglutaminase (tTg) immunoglobulin (Ig)A test
is included as an initial screening tool in the diagnostic algorithms
of all recent guidelines (7, 10, 11) and has a reported specificity
and sensitivity of >90% (12). The anti-endomysial IgA test is
also included in some guidelines, and some studies have reported
that it is the most specific test with up to 100% specificity and
sensitivity (13). The American College of Gastroenterology (ACG)
recommends diagnosing CD based on serologic testing for anti-
tTg-IgA, with duodenal biopsy recommended as a confirmatory
test (7). Recently, antibodies against synthetic deamidated gliadin

peptide (DGP IgA and IgG) have been used to diagnose and
monitor patients with CD (14).

A few studies have examined CD in adults and/or children in
the United Arab Emirates (UAE), (15, 16) but evidence that can
be used for a comprehensive assessment and characterization of
these patients is lacking. Moreover, it is important to establish the
sensitivity and specificity of the many available serologic tests.

This study describes the clinic-based prevalence of CD and the
clinical, laboratory, and histopathologic characteristics of adults
diagnosed with CD at the Cleveland Clinic Abu Dhabi in Abu
Dhabi, the capital of UAE. The study also explored characteristics
correlated with histopathologically confirmed CD and evaluated
the performance of four serologic screening tests compared to the
gold standard biopsy test for CD diagnosis.

Materials and methods

Data collection and patient grouping

We conducted a chart review of all patients screened for CD
at the Digestive Diseases Institute (DDI) at Cleveland Clinic Abu
Dhabi (CCAD). CCAD is a leading tertiary hospital in the UAE
that has six centers of excellence including the DDI. The DDI
have more than 15 gastroenterologists who are experts at their
field and offer prevention, diagnosis and treatment of various
digestive conditions.

Cleveland Clinic Abu Dhabi only accepts patients who are aged
14 years and above at the outpatient clinics. The chart review
included patients who were suspected of having CD and referred
for screening and diagnosis between January 1, 2015 to December
31, 2020. The CCAD follows the International Classification of
Diseases (ICD) codes for documenting diseases in patients’ medical
charts and follows the Current Procedural Terminology (CPT)
codes for reporting the procedures and services provided to
patients. Patients screened for CD were identified by ICD code
K90.0 and the CPT codes 82784 and 83516. Patients diagnosed
with CD from another healthcare facility and those who were on
a gluten-free diet at the time of serologic testing were excluded.

Data extracted from medical charts included sociodemographic
and anthropometric characteristics (age, sex, nationality, body
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mass index [BMI in kg/m2], and year of diagnosis), presenting
symptoms (gastrointestinal manifestations or referral for other
reasons), comorbidities, endoscopy, biopsy findings, hemoglobin
[Hb], ferritin, vitamin B12, and vitamin D levels. Also, information
on the serological testing results for the screened four CD-related
serological biomarkers (anti-tTg IgA, anti-tTg IgG, anti-DGP IgA,
and anti-DGP IgG) was also extracted.

According to the World Health Organization (WHO)
guidelines (17), patients were categorized according to the body
mass index (BMI) into underweight (<18.5 kg/m2), normal
weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and
obese (≥30 kg/m2). Female patients with Hb > 12.0 g/dl and
male patients with Hb > 13.0 g/dl were categorized as not anemic
(18); the other categories were mildly anemic (Hb 11.0–11.9 g/dl
for females and 11.0–12.9 g/dl for males), moderately anemic
(Hb 8.0–10.9 g/dl for both females and males), and severely
anemic (Hb < 8.0 g/dl for both females and males). Vitamin B12
concentration was categorized as above normal (>648 pg/ml),
normal (128–648 pg/ml), or below normal (<128 pg/ml); vitamin
D concentration was above normal (>150 ng/ml), normal (50–
150 ng/ml), or below normal (<50 ng/ml); and ferritin level was
above normal (>150 ng/ml), normal (15–150 ng/ml), or below
normal (<15 ng/ml).

Diagnosis of CD

At the DDI in CCAD, following physical examination and
medical history, all patients presented with symptoms of CD or
laboratory abnormalities suggesting malabsorption are considered
as CD-suspected patients. Symptoms that could be related to CD
include, but not limited to, abdominal pain, nausea, vomiting,
diarrhea, constipation, change in bowel habits, bloating and gas,

dizziness, brain fogginess, weakness and tiredness, skin rash,
muscle and joint aches, weight loss, or growth retardation. All CD-
suspected patients are offered a CD serological testing panel by
their treating gastroenterologist. The testing panel is designed to
screen for four CD-related serological biomarkers (tTG-IgA, tTG-
IgG, DGP-IgA, DGP-IgG). In addition to the IgA level test to rule
out its deficiency, patients who had IgA blood levels of less than
7 mg/dl were identified as having an IgA deficiency. At Cleveland
Clinic Abu Dhabi, CD serologic testing is performed by enzyme
linked immunosorbent assay (ELISA) kit supplied by QUANTA
Lite h-tTG/DGP Screen by Inova Diagnostics. San Diego, USA.
Blood samples were collected at CCAD laboratory and analyzed
in the same laboratory by expert technicians. Antibodies tested by
ELISA (anti tTG and anti DGP) are reported as positive at levels
greater than 14.9 U/mL and antibodies levels of any value above
250 U/mL were reported as >250 U/mL. Patients who have anti-
tTG IgA levels of above 14.9 U/mL were recognized as seropositive
CD patients. To confirm a diagnosis of CD, all seropositive patients
with a serologic titer ≥ 14.9 U/mL for at least one of these
four sero-biomarkers were referred for an upper gastrointestinal
endoscopy to evaluate histopathologic changes in their duodenal
mucosa. Patients were instructed to continue on their normal
gluten containing diet until the time of their scheduled endoscopy
and biopsy. In each patient who underwent endoscopy and biopsy,
four biopsies were collected from the duodenal mucosa with at
least one from the duodenal bulb. The histopathologic examination
was performed by an experienced pathologist and a Marsh score
was assigned according to the severity of duodenal mucosal
damage as follows; 0: normal duodenal biopsy, 1: mild damage
that included intraepithelial lymphocytosis (25–100 enterocytes), 2:
lymphocytosis with crypt hyperplasia, 3A: partial villous atrophy,
3B: subtotal villous atrophy, and 3C: total villous atrophy (19).
Patients with CD were defined as those with a Marsh score > 1

FIGURE 1

Flow chart of study population screened for the four CD-serologic biomarkers and underwent endoscopy examination. 1CD panel test includes
tTG-IgA, tTG-IgG, DGP-IgA, DGP-IgG.
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TABLE 1 Socio-demographic characteristics, co-morbidities, and
laboratory findings of the included 183 CD patients who are serologically
confirmed using the Anti-tTG IgA biomarker.

Serologic-positive patients to
Anti-tTG IgA

n = 183 (valid%)

Sociodemographics

Age (mean ± SD), years 32.1 ± 10.3

14–29 82 (45.0)

30–45 81 (44)

>45 20 (11.0)

Sex

Male 51 (28.0)

Female 132 (72.0)

Nationality

Emirati 171 (93.4)

Non-emirati 12 (6.6)

Marital status

Married 118 (68.0)

Single 55 (32.0)

Unknown 10

Body mass index, (mean ± SD
kg/m2)

26.4 ± 6.04

Underweight (<18.5) 10 (5.8)

Normal (18.5–24.9) 71 (40.8)

Overweight (25.0–29.9) 50 (28.7)

Obese (≥30) 43 (24.7)

Missing 9

Comorbidities

Gastroesophageal reflux disease
(GERD)

39 (21.3)

Helicobacter pylori infection 29 (15.8)

Autoimmune thyroid disease 14 (7.7)

Diabetes type 1 10 (5.5)

Asthma 13 (7.1)

Diabetes type 2 6 (3.3)

Laboratory findings

Hemoglobin, (mean ± SD g/l) 122.4 ± 19.5

Not anemic (M ≥ 130; F ≥ 120) 96 (53.3)

Anemic (males < 130;
females < 120)

84 (46.7)

Mildly anemic (M, 110–129; F,
110–119)

34 (18.9)

Moderately anemic (80–109) 47 (26.1)

Severely anemic (<80) 3 (1.7)

Not tested 3

Vitamin B12 (mean ± SD pg/ml) 318 ± 121.4

Above normal (>648) 3 (3.1)

Normal (128–648) 93 (96.9)

(Continued)

TABLE 1 (Continued)

Serologic-positive patients to
Anti-tTG IgA

n = 183 (valid%)

Below normal (<128) 0

Not tested 87

Vitamin D (mean ± SD ng/ml) 54.5 ± 28.4

Above normal (>150) 2 (1.8)

Normal (50–150) 57 (50.4)

Below normal (<50) 54 (47.8)

Not tested 70

Ferritin (mean ± SD ng/ml) 44.6 ± 57.8

Above normal (>150) 11 (8.3)

Normal (15–150) 70 (53)

Below normal (<15) 51 (38.7)

Not tested 51

Anti-tTG IgA

Reactive (titer ≥ 14.9 U/mL) 183 (100.0)

No-reactive (titer < 14.9 U/mL) 0

Anti-tTG IgG

Reactive (titer ≥ 14.9 U/mL) 77 (42.1)

No-reactive (titer < 14.9 U/mL) 106 (57.9)

Anti-DGP IgA

Reactive (titer ≥ 14.9 U/mL) 141 (77.0)

No-reactive (titer < 14.9 U/mL) 42 (23.0)

Anti-DGP IgG

Reactive (titer ≥ 14.9 U/mL) 150 (82.0)

No-reactive (titer < 14.9 U/mL) 33 (18.0)

Stage of biopsy findings
(performed for 134 patients)

Marsh 0 17 (12.7)

Marsh 1 13 (9.7)

Marsh 2 1 (0.7)

Marsh 3A 29 (21.6)

Marsh 3B 58 (43.3)

Marsh 3C 16 (11.9)

HLA genotyping (performed for 68 patients)

DQ2 49 (72.0)

DQ2/DQ8 13 (26.5)

DQ8 6 (12.2)

DGP, deamidated gliadin peptide; F, female; HLA, human leukocyte antigen; IgA,
immunoglobulin A; IgG, immunoglobulin G; M, male; tTg, tissue transglutaminase.

(i.e., Marsh 2, 3A, 3B, or 3C), and those with a Marsh score of 0
or 1 were defined as having no histopathologic evidence of CD.
Human Leukocyte Antigen (HLA) typing was used to exclude CD
in patients with positive serology while equivocal small intestine
histological finding. When typing is negative for both HLA DQ2
and HLA DQ8, CD was excluded.
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Statistical analysis

Categorical variables were summarized as frequencies and
percentages and continuous data as means and standard deviations
(SDs). The biomarker-based seroprevalence of CD was quantified.
Also, the seroprevalence of CD based on seropositivity to at least
one of the four sero-biomarkers was quantified. Histopathologically
confirmed CD prevalence was determined based on the Marsh
score for patients who underwent duodenal biopsy. We also
quantified the proportion of patients with biopsy-confirmed CD
who were positive for anti-DGP IgG and or anti-DGP IgA but
not for anti-tTG IgA. The Chi-Square test was used to compare
the categorical characteristics while t-test was used to compare
continuous characteristics between patients who have biopsies
confirming CD with patients whose biopsies didn’t confirm.

Compared to the golden standard biopsy test, we also evaluated
the performance of the four serologic screening tests used to
identify patients with CD. For each biomarker, the evaluated
performance measures included sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV).

Data were analyzed using SPSS Statistics v26.0 software (IBM,
Armonk, NY, USA). P-values ≤ 0.05 (2-tailed) were considered
statistically significant.

Ethics approval

The study was approved by the research ethics committee of the
Office of Clinical Research at Cleveland Hospital Abu Dhabi (REC
#: A-2020-005), dated January 21, 2020.

Results

During the study period, 6,236 patients with no previous
history of CD presented to the gastrointestinal diseases clinic with
various symptoms and were screened for CD. Of the 6,236 patients,
481 (7.7%) patients were seropositive to at least one of the four
tested sero-biomarkers. The sero-biomarker-based prevalence of
CD was 1.4, 2.9, 4.7, and 4.9%, for Anti-tTG-IgG, Anti-TtG-IgA,
Anti-DGP-IgA, and Anti-DGP-IgG, respectively (Figure 1). Of the
481 patients who were seropositive to at least one of the four CD
biomarkers, only four had IgA deficiency, with levels < 7 mg/dl;
only one of these patients had histopathologic changes indicative of
CD in their duodenal biopsies.

The sociodemographic and clinical characteristics of the 183
(2.9%) patients who were serologically positive to Anti-tTG IgA,
the most commonly used biomarker to screen patients for CD,
are shown in Table 1. The mean age of patients who Anti-TtG-
IgA seropositive was 32.1 ± 10.3 SD years, 72% of them were
females, and 93.4% were Emirati. In those patients, overweight
(28.7%) and obesity (24.7%) were common while 5.8% of patients
were underweight. Anemia prevalence was 46.7%, 21.3% had
Gastroesophageal reflux disease (GERD), 7.7% with autoimmune
thyroid disease, and 5.5% (type 1) and 3.3% (type 2) were diabetic.
Vitamin D deficiency was observed in 47.8% of the Anti-TtG IgA
seropositive patients (Table 1).

Of the biopsy-tested three hundred patients 116 patients
(38.6%) had histopathologic evidence of CD; these patients
represent 1.9% of all patients who visited the gastroenterology clinic
(Figure 1). Only one patient had a Marsh score of 2 and the others
(99%) had a Marsh score ≥ 3. Twelve patients among the 116
patients (10.3%) who had biopsy-confirmed CD were found to be
negative for Anti-tTG IgA while being positive for Anti-DGP IgG
and/or Anti-DGP IgA. HLA typing was performed for seven of
them and all had shown HLA DQ2 and/or DQ8 positive.

The sociodemographic and clinical characteristics of patients
with biopsy-confirmed CD are shown in Table 2. The mean ± (SD)
age of biopsy-confirmed patients was 33.8 ± (10.35) years. Most
patients (84%) were ≤45 years old, females (72.4%), and of Emirati
nationality (94%). The mean ± (SD) BMI was 26.6 ± (6.4) kg/m2,
with nearly 6% being underweight and 53% being overweight
or obese. Anemia was the most common associated comorbidity
with a ratio of 52.6% (24.1% mildly anemic, 26.7% moderately
anemic and 2 patients were reported with severe anemia).
Among other comorbidities, (GERD) was reported in 21.6% and
Helicobacter pylori infection in 16.4%. The mean ± (SD) vitamin
B12 concentration was 319 ± (113.4) pg/ml and most patients
(96%) had a concentration in the normal range. The mean ± (SD)
vitamin D concentration was 52.1 ± (27.7) ng/ml; nearly half of
patients (51.9%) had vitamin D deficiency. The mean (SD) ferritin
level was 40.7 (53.3) ng/ml; 40.7% of patients had a ferritin level
below normal (Table 2).

The proportion of patients with diabetes type 1, autoimmune
thyroid disease, or asthma was statistically significantly higher in
patients with biopsy-confirmed CD than in patients with negative
biopsy. The proportion of patients with anemia or Vit D deficiency
was also significantly higher among patients who had confirmed-
CD (Table 2).

Gastrointestinal complaints were the most common presenting
symptom (∼80% of patients); abdominal pain was reported in 56%
of patients, diarrhea in 35%, bloating in 27%, and constipation in
16%. Weight loss was the most common extraintestinal symptom
and was reported in 34 patients (18%), while headache and skin
rash were reported in five patients (2.7%) each (Figure 2).

Table 3 presents performance measures of the four serological
biomarkers compared to the gold standard biopsy test. Anti-tTg
IgA was the most sensitive biomarker (89.7%) for identifying true
CD patients, with the highest NPV (92.8%); this was followed by
anti-DGP IgG (87.9%) and anti-DGP IgA (82.8%), while anti-tTg
IgG had the lowest sensitivity (43.1%). Our results also showed
that Anti-tTG IgG has a high specificity of (92.4%), followed by
Anti-tTG IgA with a specificity of (83.7%).

Discussion

Our study population comprised a group of consecutive
patients who were screened for CD at the Digestive Disease
Institute (DDI) at CCAD. The Anti-tTG IgA serologically positive
and biopsy-confirmed prevalence of CD in this population was 2.9
and 1.9%, respectively. Patients with biopsy-confirmed CD were
more burdened with other comorbidities including diabetes type
1 and thyroid disorders. A significant proportion (10.3%) of the
patients with biopsy-confirmed CD were seronegative to Anti-tTG

Frontiers in Nutrition 05 frontiersin.org

https://doi.org/10.3389/fnut.2023.1107017
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-10-1107017 March 30, 2023 Time: 15:40 # 6

Shatnawei et al. 10.3389/fnut.2023.1107017

TABLE 2 Socio-demographic characteristics, co-morbidities, and laboratory findings of the serologically positive 300 patients and who were
biopsy-examined.

Confirming CD marsh > 1
n = 116 (valid%)

Not confirming CD marsh 0 and 1
n = 184 (valid%)

P-value1

Sociodemographics

Age (mean ± SD), years 33.8 ± 10.5 33.9 ± 12.7 0.949

14–29 45 (38.8) 82 (44.6) 0.190a

30–45 53 (45.7) 65 (35.3)

>45 18 (15.5) 37 (20.1)

Sex

Male 32 (27.6) 63 (34.2) 0.228a

Female 84 (72.4) 121 (65.8)

Nationality

Emirati 109 (94.0) 163 (88.6) 0.119a

Non-emirati 7 (6.0) 21 (11.4)

Marital status

Married 82 (70.7) 27 (69.2) 0.454a

Single 28 (24.1) 11 (28.2)

Unknown 6 (5.2) 1 (2.6)

Body mass index, (mean ± SD kg/m2) 26.6 ± 6.4 26.2 ± 6 0.759

Underweight (<18.5) 7 (6.2) 16 (8.7) 0.042a

Normal (18.5–24.9) 45 (40.2) 69 (37.5)

Overweight (25.0–29.9) 30 (26.8) 63 (34.2)

Obese (≥30) 30 (26.8) 36 (19.6)

Missing 4 0

Comorbidities

Gastroesophageal reflux disease (GERD) 25 (21.6) 77 (41.8) <0.001a

Helicobacter pylori infection 19 (16.4) 43 (23.4) 0.145a

Autoimmune thyroid disease 11 (9.5) 7 (3.8) 0.044a

Diabetes type 1 6 (5.1) 2 (1.1) 0.059b

Asthma 10 (8.6) 5 (2.7) 0.022a

Diabetes type 2 5 (4.3) 11(6.0) 0.524a

Laboratory findings

Hemoglobin, (mean ± SD g/l) 120.7 ± 19.5 126 ± 19.2 0.021

Not anemic (M ≥ 130; F ≥ 120) 55 (47.4) 109 (59.6) 0.040a

Anemic (M: <130; F: <120) 61 (52.6) 74 (40.4)

Mildly anemic (M: 110–129; F: 110–119) 28 (24.1) 43 (18.6) 0.184a

Moderately anemic (80–109) 31 (26.7) 39 (21.3)

Severely anemic (<80) 2 (1.7) 1 (0.5)

Not tested 0 1

Vitamin B12 (mean ± SD pg/ml) 319 ± 130.9 327.7 ± 161.6 0.752

Above normal (>648) 3 (4.2) 3 (4.4) 0.345a

Normal (128–648) 68 (95.8) 63 (92.6)

Below normal (<128) 0 (0.0) 2 (2.9)

Not tested 45 91

Vitamin D (mean ± SD ng/ml) 52.1 ± 27.7 67.5 ± 45.9 0.012

Above normal (>150) 0 (0.0) 4 (5.5) 0.023a

(Continued)
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TABLE 2 (Continued)

Confirming CD marsh > 1
n = 116 (valid%)

Not confirming CD marsh 0 and 1
n = 184 (valid%)

P-value1

Normal (50–150) 39 (48.1) 43 (58.9)

Below normal (<50) 42 (51.9) 26 (35.6)

Not tested 35 111

Ferritin (mean ± SD ng/ml) 40.7 ± 53.5 60.9 ± 111.2 0.119

Above normal (>150) 8 (8.8) 9 (9.6) 0.848a

Normal (15–150) 46 (50.5) 50 (53.8)

Below normal (<15) 37 (40.7) 34 (36.6)

Not tested 25 91

Anti-tTG IgA

Reactive (titer ≥ 14.9 U/mL) 104 (89.7) 30 (16.3) <0.001a

No-reactive (titer < 14.9 U/mL) 12 (10.3) 154 (83.7)

Anti-tTG IgG

Reactive (titer ≥ 14.9 U/mL) 50 (43.1) 14 (7.6) <0.001a

No-reactive (titer < 14.9 U/mL) 66 (56.9) 170 (92.4)

Anti-DGP IgA

Reactive (titer ≥ 14.9 U/mL) 96 (82.8) 93 (50.5) <0.001a

No-reactive (titer < 14.9 U/mL) 20 (17.2) 91 (49.5)

Anti-DGP IgG

Reactive (titer ≥ 14.9 U/mL) 102 (87.9) 98 (53.3) <0.001a

No-reactive (titer < 14.9 U/mL) 14 (12.1) 86 (46.7)

DGP, deamidated gliadin peptide; F, female; IgA, immunoglobulin A; IgG, immunoglobulin G; M, male; tTg, tissue transglutaminase. 1P-value: assessing the difference between biopsy-
confirmed and not confirmed patients with CD according to the measured characteristics (aobtained from Chi-square tests and bobtained from the Fisher’s exact tests. For continuous variables
the p-value was obtained from the two-sample t-test).

FIGURE 2

A histogram showing the distribution of symptoms among the seropositive celiac disease patients (n = 160).
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TABLE 3 Performance measures of the tested immunoglobulins
compared to the biopsy finding (a gold standard test).

Sensitivity Specificity PPV NPV

Anti-tTG IgA 89.7% 83.7% 77.6% 92.8%

Anti-tTG IgG 43.1% 92.4% 78.1% 72%

Anti-DGP IgG 87.9% 46.7% 51% 86%

Anti-DGP IgA 82.8% 49.5% 50.8% 82%

tTG, tissue transglutaminase; DGP, deamidated gliadin peptide; IgA, immunoglobulin A;
IgG, immunoglobulin G; NPV, negative predictive value; PPV, positive predictive value.

IgA but seropositive to anti-DGP-IgA and/or Anti-DGP-IgG. These
patients might have been missed if they were not screened for the
three additional sero-biomarkers that are uncommonly used. The
Anti-tTg IgA test had the highest sensitivity (89.7%) and NPV
(92.8%) for identifying patients with CD.

The global population-based seroprevalence (based on positive
results from tests for anti tTG and/or EMA antibodies) and
biopsy-confirmed prevalence of CD have been reported as 1.4
and 0.7%, respectively (3). In the Kingdom of Saudi Arabia, a
neighboring country to UAE, the reported seroprevalence in the
general population was 1.5% (20). The slightly higher prevalence
observed in our study population is attributable to the fact that our
study is a clinic-based rather than a population-based study. The
high biopsy-confirmed prevalence can also be explained by the fact
that in our study patients who had reactivity to any of the four CD
biomarkers were offered a duodenal biopsy, contrary to using anti
tTG as a sole indicator for the disease.

The observed high prevalence (53.4%) of obesity and
overweight among patients with CD is not surprising. This high
prevalence reflects the high prevalence of obesity and overweight
among general population in the UAE. In the Emirate of Abu
Dhabi, about two-thirds (64.8%) of 12,346 adults aged ≥ 18 years
were obese or overweight (21). However, the low prevalence
of obesity and overweight among patients with CD compared
to that in general population in the UAE (21) should be
attributed to the fact that the study population in present study
is patients who are presented with GIT-related symptoms. The
most common gastrointestinal symptoms in our patients were
abdominal pain, bloating, and diarrhea. Abdominal pain was
also the most reported symptom among CD patients in Canada,
Ireland, the United Kingdom, and Norway (22–24). Globally, the
most common extraintestinal manifestation was anemia, with a
prevalence ranging from 21 to 84% (25–28). The etiology of
anemia in CD is multifactorial but mostly attributable to inadequate
absorption of micronutrients in the proximal duodenum, which is
typically damaged in patients with CD (29, 30). That malabsorption
is more evident in patients who had atrophy in their duodenal
mucosa as our results showed significantly lower levels of
hemoglobin and Vit D among patients with villous atrophy. Nearly
half (47.8%) of the patients with CD had Vit D deficiency. This
observed high prevalence of Vit D deficiency stems from the
documented high prevalence of Vit D deficiency among general
Emirati population (72.0%) (21). In the present study, majority
(93.4%) of patients were Emirati and nearly three-quarters (72.0%)
were females. Several factors were reported to be associated with
Vita D deficiency in the UAE and other Arab countries, including
low exposure to sun light due to conservative dress style (21). It’s
worth noting that diabetes type 1 and autoimmune thyroiditis were

significantly higher among patients with confirmed CD and that
supports previous reports which found a co-occurrence of multiple
autoimmune diseases (4, 5).

A CD panel consisting of serologic biomarkers (anti-tTG IgA,
anti-tTG IgG, IgA, Anti-DGP IgA, Anti-DGP IgG) was used to
screen all of our patients. As in previous studies, we found that anti-
tTg IgA had better diagnostic performance than anti-DGP IgA,
anti-DGP IgG, and anti-tTg IgG (25, 31–33). The sensitivity of the
four biomarkers tested in our study was comparable to what has
been reported in the literature; while the specificity of Anti- DGP
IgA/IgG was lower than the pooled specificity (96.9%) reported in
a systematic review by Schyum and Rumessen (34).

The North American Society for Pediatric Gastroenterology,
Hepatology, and Nutrition and ACG recommend DGP testing in
addition to the anti-tTg IgA test to improve the accuracy of CD
diagnosis in children < 2 years of age (7, 35). These tests were
also the only diagnostic tests used in some studies of adult patients
(32, 36–38). In our study, twelve biopsy-confirmed patients with
CD were negative for anti-tTG IgA and positive for anti DGP-
IgG and/or anti DGP-IgA. Given that only one of those patients
had IgA deficiency, this result suggests that a more comprehensive
serologic assessment of patients with suspected CD is warranted
to improve diagnostic accuracy and avoid misdiagnosis and delays
in treatment. It is worth noting that not all serologically positive
patients in our study underwent endoscopy, which made it difficult
to establish a confirmed diagnosis and reduced our sample size,
which could explain the low specificity of the anti-tTG IgA
test in our cohort.

One of the limitations in our study is that although strict criteria
were followed for biopsy confirmation of CD at the DDI which
include increased intraepithelial lymphocytes, villous atrophy and
crypt hyperplasia, there are some other intestinal disorders share
similar histopathological features with CD. Parasitic infections,
H-pylori gastritis and other immune inflammatory conditions
might lead to histopathological changes similar to that of the
CD (39). However, this potential limitation should not impose
any changes on the presented findings as none of the patients
had any medical information related to parasitic infections and
only three patients diagnosed with H. pylori. This assumes that
the observed histopathological change is highly likely to be CD-
related, particularly with the documented seropositivity to CD.
Another potential limitation is that our study was limited by the
information available in medical charts that was not originally
collected for research purposes. As this study utilized already-
collected data in medical records, there was no screening performed
for patients with a high risk of developing CD, patients who
have a previous diagnosis of CD were excluded, and two-thirds of
the serologically positive patients declined to undergo endoscopy
for histopathological investigation. Additionally, reviewing medical
charts from a single center in one of the seven emirates in the UAE
imposes a major limitation on the generalizability of the present
findings to general populations in the UAE. Finally, 26 patients who
had Anti-TtG IgA levels of above 250 U/mL have denied endoscopy
and biopsy which might potentially results in an underestimation
of the disease confirmed cases. Despite these limitations, there are
multiple worth mentioning strengths to this study. First, the study
adds to the data on CD in the UAE by including adult patients
from a major and referral digestive disease clinic. Specifically, we
carried out a comprehensive analysis of medical chart data to
obtain a broad view of the clinical spectrum of CD in the UAE.
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Second, all adult patients with suspected CD based on clinical
presentation were screened using the four serologic biomarkers
and confirmed based on histopathological investigation following
established guidelines. Finally, this is the first study in the UAE
to explore the performance and accuracy of the serological testing
panel that screens for four serological CD-related biomarkers and
to provide evidence-based recommendations.

Conclusion

Three and two of every 100 patients were serologically (anti-
tTG-IgA) and histopathologically diagnosed with CD, respectively.
Although anti-tTg IgA is included in most CD diagnostic
algorithms as an initial screening tool, our results showed that
10.3% of biopsy-confirmed patients would have gone undiagnosed
by relying solely on this test. Thus, comprehensive serologic
screening for all four serologic biomarkers is necessary so
patients with CD won’t be missed if only the traditional TtG-IgA
screen is followed.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors upon providing proper justification
and eliciting necessary approvals from the ethics committee.

Ethics statement

The studies involving human participants were reviewed
and approved by the Office of Clinical Research at

Cleveland Hospital Abu Dhabi (REC #: A-2020-005). Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

Author contributions

AS and RHA conceived and conceptualized the study. AHA
and AA extracted the data. AHA performed the data analyses
and drafted the first version of the manuscript. All authors
contributed to the data extraction strategy, data analysis plan,
findings interpretation, reviewed, and approved the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

1. Cichewicz AB, Mearns ES, Taylor A, Boulanger T, Gerber M, Leffler DA, et al.
Diagnosis and treatment patterns in celiac disease. Dig Dis Sci. (2019) 64:2095–106.
doi: 10.1007/s10620-019-05528-3

2. Chou R, Blazina I, Bougatsos C, Mackey K, Grusing S, Selph S. U.S. Preventive
Services Task Force Evidence Syntheses, Formerly Systematic Evidence Reviews.
Screening for Celiac Disease: A Systematic Review for the US Preventive Services Task
Force. Rockville, MD: Agency for Healthcare Research and Quality (US) (2017). doi:
10.1001/jama.2016.10395

3. Singh P, Arora A, Strand TA, Leffler DA, Catassi C, Green PH, et al. Global
prevalence of celiac disease: systematic review and meta-analysis. Clin Gastroenterol
Hepatol. (2018) 16:823–36.e2. doi: 10.1016/j.cgh.2017.06.037

4. Kahaly GJ, Frommer L, Schuppan D. Celiac disease and endocrine
autoimmunity – the genetic link. Autoimmunity Rev. (2018) 17:1169–75.
doi: 10.1016/j.autrev.2018.05.013

5. Ch’ng CL, Jones MK, Kingham JG. Celiac disease and autoimmune thyroid
disease. Clin Med Res. (2007) 5:184–92. doi: 10.3121/cmr.2007.738

6. Richey R, Howdle P, Shaw E, Stokes T. Recognition and assessment of coeliac
disease in children and adults: summary of NICE guidance. BMJ. (2009) 338:b1684.
doi: 10.1136/bmj.b1684

7. Rubio-Tapia A, Hill ID, Kelly CP, Calderwood AH, Murray JAACG.
Clinical guidelines: diagnosis and management of celiac disease. Off
J Am Coll Gastroenterol ACG. (2013) 108:656–76. doi: 10.1038/ajg.
2013.79

8. Al-Bawardy B, Codipilly DC, Rubio-Tapia A, Bruining DH, Hansel SL, Murray
JA. Celiac disease: a clinical review. Abdominal Radiol.. (2017) 42:351–60. doi: 10.1007/
s00261-016-1034-y

9. McAllister BP, Williams E, Clarke KA. Comprehensive review of celiac
disease/gluten-sensitive enteropathies. Clin Rev Allergy Immunol. (2019) 57:226–43.
doi: 10.1007/s12016-018-8691-2

10. Al-Toma A, Volta U, Auricchio R, Castillejo G, Sanders DS, Cellier C, et al.
European society for the study of coeliac disease (ESsCD) guideline for coeliac disease
and other gluten-related disorders. United Eur Gastroenterol J. (2019) 7:583–613. doi:
10.1177/2050640619844125

11. Ludvigsson JF, Bai JC, Biagi F, Card TR, Ciacci C, Ciclitira PJ, et al. Diagnosis
and management of adult coeliac disease: guidelines from the British Society of
Gastroenterology. Gut. (2014) 63:1210–28. doi: 10.1136/gutjnl-2013-306578

12. Kaswala DH, Veeraraghavan G, Kelly CP, Leffler DA. Celiac disease: diagnostic
standards and dilemmas. Diseases. (2015) 3:86–101. doi: 10.3390/diseases3020086

13. Ortiz G, Messere G, Toca MdC, Fiorucci M, Bigliardi R, Vidal J, et al. IgA
anti-tissue transglutaminase antibodies and IgG antibodies against deamidated gliadin
peptides as predictors of celiac disease. Arch Argent Pediatr. (2019) 117:52–5. doi:
10.5546/aap.2019.eng.52

14. Mozo L, Gómez J, Escanlar E, Bousoño C, Gutiérrez C. Diagnostic value of
anti-deamidated gliadin peptide IgG antibodies for celiac disease in children and IgA-
deficient patients. J Pediatr Gastroenterol Nutr. (2012) 55:50–5. doi: 10.1097/MPG.
0b013e31824703c7

15. Abdulrazzaq Y, El-Azzabi TI, Al Hamad SM, Attia S, Deeb A, Aburawi EH.
Occurrence of hypothyroidism, diabetes mellitus, and celiac disease in emirati children
with down’s syndrome. Oman Med J. (2018) 33:387–92. doi: 10.5001/omj.2018.72

16. Abu-Zeid YA, Jasem WS, Lebwohl B, Green PH, ElGhazali G. Seroprevalence of
celiac disease among United Arab Emirates healthy adult nationals: a gender disparity.
World J Gastroenterol. (2014) 20:15830–6. doi: 10.3748/wjg.v20.i42.15830

Frontiers in Nutrition 09 frontiersin.org

https://doi.org/10.3389/fnut.2023.1107017
https://doi.org/10.1007/s10620-019-05528-3
https://doi.org/10.1001/jama.2016.10395
https://doi.org/10.1001/jama.2016.10395
https://doi.org/10.1016/j.cgh.2017.06.037
https://doi.org/10.1016/j.autrev.2018.05.013
https://doi.org/10.3121/cmr.2007.738
https://doi.org/10.1136/bmj.b1684
https://doi.org/10.1038/ajg.2013.79
https://doi.org/10.1038/ajg.2013.79
https://doi.org/10.1007/s00261-016-1034-y
https://doi.org/10.1007/s00261-016-1034-y
https://doi.org/10.1007/s12016-018-8691-2
https://doi.org/10.1177/2050640619844125
https://doi.org/10.1177/2050640619844125
https://doi.org/10.1136/gutjnl-2013-306578
https://doi.org/10.3390/diseases3020086
https://doi.org/10.5546/aap.2019.eng.52
https://doi.org/10.5546/aap.2019.eng.52
https://doi.org/10.1097/MPG.0b013e31824703c7
https://doi.org/10.1097/MPG.0b013e31824703c7
https://doi.org/10.5001/omj.2018.72
https://doi.org/10.3748/wjg.v20.i42.15830
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-10-1107017 March 30, 2023 Time: 15:40 # 10

Shatnawei et al. 10.3389/fnut.2023.1107017

17. World Health Organization. Obesity: Preventing and Managing the Global
Epidemic. Geneva: World Health Organization (2000).

18. Cappellini MD, Motta I. Anemia in clinical practice-definition and classification:
does hemoglobin change with aging? Semin Hematol. (2015) 52:261–9. doi: 10.1053/j.
seminhematol.2015.07.006

19. Oberhuber G. Histopathology of celiac disease. Biomed Pharmacother. (2000)
54:368–72. doi: 10.1016/S0753-3322(01)80003-2

20. Khayyat YM. Serologic markers of gluten sensitivity in a healthy population
from the western region of Saudi Arabia. Saudi J Gastroenterol. (2012) 18:23–5. doi:
10.4103/1319-3767.91733

21. Al Zarooni AAR, Al Marzouqi FI, Al Darmaki SH, Prinsloo EAM, Nagelkerke
N. Prevalence of vitamin D deficiency and associated comorbidities among Abu Dhabi
Emirates population. BMC Res Notes. (2019) 12:503. doi: 10.1186/s13104-019-4536-1

22. Jansson-Knodell CL, King KS, Larson JJ, Van Dyke CT, Murray JA, Rubio-Tapia
A. Gender-based differences in a population-based cohort with celiac disease: more
alike than unalike. Dig Dis Sci. (2018) 63:184–92. doi: 10.1007/s10620-017-4835-0

23. Lundin KE, Kelly CP, Sanders DS, Chen K, Kayaniyil S, Wang S, et al.
Understanding celiac disease monitoring patterns and outcomes after diagnosis: a
multinational, retrospective chart review study. World J Gastroenterol. (2021) 27:2603–
14. doi: 10.3748/wjg.v27.i20.2603

24. Cranney A, Zarkadas M, Graham ID, Butzner JD, Rashid M, Warren R, et al. The
Canadian celiac health survey. Dig Dis Sci. (2007) 52:1087–95. doi: 10.1007/s10620-
006-9258-2

25. Abu Daya H, Lebwohl B, Lewis SK, Green PH. Celiac disease patients presenting
with anemia have more severe disease than those presenting with diarrhea. Clin
Gastroenterol Hepatol. (2013) 11:1472–7. doi: 10.1016/j.cgh.2013.05.030

26. Sansotta N, Amirikian K, Guandalini S, Jericho H. Celiac disease symptom
resolution: effectiveness of the gluten-free diet. J Pediatr Gastroenterol Nutr. (2018)
66:48–52. doi: 10.1097/MPG.0000000000001634

27. Berry N, Basha J, Varma N, Varma S, Prasad KK, Vaiphei K, et al. Anemia in
celiac disease is multifactorial in etiology: a prospective study from India. JGH Open.
(2018) 2:196–200. doi: 10.1002/jgh3.12073

28. Kochhar R, Jain K, Thapa BR, Rawal P, Khaliq A, Kochhar R, et al. Clinical
presentation of celiac disease among pediatric compared to adolescent and adult
patients. Indian J Gastroenterol. (2012) 31:116–20. doi: 10.1007/s12664-012-0198-9

29. Talarico V, Giancotti L, Mazza GA, Miniero R, Bertini M. Iron deficiency anemia
in celiac disease. Nutrients. (2021) 13:1695. doi: 10.3390/nu13051695

30. Martín-Masot R, Nestares MT, Diaz-Castro J, López-Aliaga I, Alférez MJM,
Moreno-Fernandez J, et al. Multifactorial etiology of anemia in celiac disease and
effect of gluten-free diet: a comprehensive review. Nutrients. (2019) 11:2557. doi:
10.3390/nu11112557

31. Lewis NR, Scott BB. Meta-analysis: deamidated gliadin peptide antibody and
tissue transglutaminase antibody compared as screening tests for coeliac disease.
Aliment Pharmacol Ther. (2010) 31:73–81. doi: 10.1111/j.1365-2036.2009.04110.x

32. Hoerter NA, Shannahan SE, Suarez J, Lewis SK, Green PHR, Leffler DA, et al.
Diagnostic yield of isolated deamidated gliadin peptide antibody elevation for celiac
disease. Dig Dis Sci. (2017) 62:1272–6. doi: 10.1007/s10620-017-4474-5

33. Us Preventive Services Task Force, Bibbins-Domingo K, Grossman DC, Curry
SJ, Barry MJ, Davidson KW, et al. Screening for celiac disease: US preventive services
task force recommendation statement. JAMA. (2017) 317:1252–7. doi: 10.1001/jama.
2017.1462

34. Schyum AC, Rumessen JJ. Serological testing for celiac disease in adults. United
Eur Gastroenterol J. (2013) 1:319–25. doi: 10.1177/2050640613502788

35. Hill ID, Fasano A, Guandalini S, Hoffenberg E, Levy J, Reilly N, et al.
NASPGHAN clinical report on the diagnosis and treatment of gluten-related disorders.
J Pediatr Gastroenterol Nutr. (2016) 63:156–65. doi: 10.1097/MPG.0000000000001216

36. Leja M, Shums Z, Nikitina-Zake L, Gavars M, Kikuste I, Milo J, et al. Prevalence
estimation of celiac disease in the general adult population of Latvia using serology
and HLA genotyping. United Eur Gastroenterol J. (2015) 3:190–9. doi: 10.1177/
2050640615569379

37. Gould MJ, Brill H, Marcon MA, Munn NJ, Walsh CM. In screening for celiac
disease, deamidated gliadin rarely predicts disease when tissue transglutaminase
is normal. J Pediatr Gastroenterol Nutr. (2019) 68:20–5. doi: 10.1097/MPG.
0000000000002109

38. Dahle C, Hagman A, Ignatova S, Ström M. Antibodies against deamidated
gliadin peptide (DGP) identifies adult celiac disease patients negative for antibodies
against endomysium and tissue transglutaminase (tTG). Aliment Pharmacol Ther.
(2010) 32:254–60. doi: 10.1111/j.1365-2036.2010.04337.x

39. Villanacci V, Vanoli A, Leoncini G, Arpa G, Salviato T, Bonetti LR, et al.
Celiac disease: histology-differential diagnosis-complications. A practical approach.
Pathologica. (2020) 112:186–96. doi: 10.32074/1591-951X-157

Frontiers in Nutrition 10 frontiersin.org

https://doi.org/10.3389/fnut.2023.1107017
https://doi.org/10.1053/j.seminhematol.2015.07.006
https://doi.org/10.1053/j.seminhematol.2015.07.006
https://doi.org/10.1016/S0753-3322(01)80003-2
https://doi.org/10.4103/1319-3767.91733
https://doi.org/10.4103/1319-3767.91733
https://doi.org/10.1186/s13104-019-4536-1
https://doi.org/10.1007/s10620-017-4835-0
https://doi.org/10.3748/wjg.v27.i20.2603
https://doi.org/10.1007/s10620-006-9258-2
https://doi.org/10.1007/s10620-006-9258-2
https://doi.org/10.1016/j.cgh.2013.05.030
https://doi.org/10.1097/MPG.0000000000001634
https://doi.org/10.1002/jgh3.12073
https://doi.org/10.1007/s12664-012-0198-9
https://doi.org/10.3390/nu13051695
https://doi.org/10.3390/nu11112557
https://doi.org/10.3390/nu11112557
https://doi.org/10.1111/j.1365-2036.2009.04110.x
https://doi.org/10.1007/s10620-017-4474-5
https://doi.org/10.1001/jama.2017.1462
https://doi.org/10.1001/jama.2017.1462
https://doi.org/10.1177/2050640613502788
https://doi.org/10.1097/MPG.0000000000001216
https://doi.org/10.1177/2050640615569379
https://doi.org/10.1177/2050640615569379
https://doi.org/10.1097/MPG.0000000000002109
https://doi.org/10.1097/MPG.0000000000002109
https://doi.org/10.1111/j.1365-2036.2010.04337.x
https://doi.org/10.32074/1591-951X-157
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	Mode of presentation and performance of serology assays for diagnosing celiac disease: A single-center study in the United Arab Emirates
	Introduction
	Materials and methods
	Data collection and patient grouping
	Diagnosis of CD
	Statistical analysis
	Ethics approval

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


