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Introduction: Celiac disease (CD) has been described before in Saudi Arabia (SA) to be at the range of 1%
e2% in the general population, but the association of celiac disease and cystic fibrosis (CF) has never been
described before in the Middle East.
Objectives: To describe the prevalence of the association of CD and CF in patients with gastrointestinal
symptomatology in a tertiary care center.
Method: ology: A retrospective charts review of all confirmed CD and CF patients for the years 1989
e2018.
Results: In a total of 391 confirmed CF patients, 74 of them (19%) had celiac screening due to their
symptomatology in the form of (abdominal pain and distension, vomiting, diarrhea despite adequate
pancreatic enzyme replacements, and had high antigliadin antibodies and anti-transglutaminase IgA
(tTGA). Thirty-five of the 74 patients were male (47.3%, and 39 (52.7%) were female patients. The mean
age at diagnosis of CD was 6.1 (3.9), and the mean age at follow up was 7 (5 years). Only 2 of the 74
patients (3%) had bowel biopsies with the typical pathological findings of CD with villous atrophy. Both
patients were placed on a gluten-free diet and showed marked improvement in symptomatology and
weight gain.
Conclusion: CD screening should be considered in all CF patients despite the absence of symptoms. The
prevalence of CD in CF patients in SA is similar to or slightly higher than that of the general population. A
further study to screen the whole CF population is needed to delineate the actual prevalence, particularly
in nonsymptomatic CF.

© 2021 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cystic fibrosis (CF) is a fatal, multisystem debilitating autosomal
recessive disease [1]. Pulmonary disease, however, remains the
predominant cause of morbidity and mortality [2]. It is a chronic
disease that affects 70,000 individuals worldwide [1,2]. The inci-
dence of CF in Saudi Arabia (SA) has been reported at 1 in 4243 live
births [2e5]. Cystic fibrosis and celiac disease (CD) were thought to
r).
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be a single entity dating back to the 1930s due to the fact that they
present with similar gastrointestinal symptoms, such as poor
weight gain, fatty stools, abdominal pain and fatigue [6]. Prevalence
rates of concomitanty CF (CF) and CD has been reported to be 1.2%
of CF population in Scandinavia and Poland, which is three times
higher than the general population [7]. A predilection with CF and
other diseases such as congenital adrenal hyperplasia (CAH), and
Marfan's Syndrome has been established [5].

CD is a chronic auto-immune disease, which can develop in
genetically susceptible people throughout life. In the US and other
developed countries, the prevalence of CD in the general popula-
tion is approximately 1% [6e8]. The incidence of developing CD in
patients with CD is estimated to be 1:2,000,000e1:5,900,000 if
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there were no overlap in pathogenetic mechanisms [9].
Reviewing the literature of association for CF and CD showed

that in 1973 Goodchild analyzed two case reports of patients
initially diagnosed as CF WHO then later developed CD concluded
that These two disease occurring in one patient appeared to be rare
but these two disease could predispose to one another on the basis
of common HL-A loci, Goodchild failed to compare these two pa-
tients to the literature and only based her findings on the presence
of HL-A1 and 8 within her patients [10]. Fluge based her studies of
patients with CF and CD in Scandinavia and concluded that patients
with the two diseases likely had a prevalence of 1:220. Their tests
included Transglutaminase-IgA (tTGA), endomysium-IgA (EMA)
and total IgA, and a subset of subjects also underwent duodenal
biopsies. However, these authors failed to correlate human leuko-
cyte antigen HLA-DQ with disease [7]. Walkowiak concluded that
despite the close relationship between the two diseases there was
not a difference between the two in genetically predisposed in-
dividuals as compared to the general population. However, they
proposed that having CF would leave the patient at risk of devel-
oping CD. Their study was limited to the Polish population. Their
methods of conducting the research was both thorough and
concise, using genetic testing, tissue transglutaminase antibodies
(TGA), EMA and biopsy specimens to evaluate the extent of the CD
[11]. Frpm other studies, there appears to be a strong association of
CD with HLA-DQ genes located on chromosome 6p21 [12]. 90e95%
of the patients are carriers of the DQ2 variant, only a minority carry
the DQ8 allele [11]. Concerningly, these aforementioned articles did
not compare their findings to other populations and other research
in the field.

The co-incidence of CD and CF might be explained by the
increased intestinal permeability caused by the intestinal inflam-
mation and pancreatic exocrine insufficiency common in CF leading
to a higher antigen load presented to the host immune system
caused by incompletely digested dietary products [6,7]. Gluten
peptides cross the epithelium and are presented by DQ2þ or DQ8þ
antigen presenting cells to pathogenic CD4þ cells after deamination
by tissue transglutaminase [3]. The clinical features of the two
conditions are similar, despite the difference in pathogenesis.
Impaired growth, muscle wasting, abnormal stools, abdominal
distension can be seen in both CF and CD. Thus, CD in patients with
CF may easily be missed [8].

The association between CF and CD has never been reported in
the Middle East. We therefore provide the first report on this as-
sociation in the largest CF referral center.
1.1. Objectives

To report on the prevalence of the association of CD and CF with
classic CD symptomatology in a tertiary care center.
2. Methodology

A retrospective chart review on all confirmed CF patients based
on elevated sweat chloride results (more than 60mmol/l), and/or
CFTR mutations in both alleles for the period 1989e2018 at King
Faisil Specialty Hospital and Research Centre. CF patients with CD
symptomatology as abdominal pain and distension, failure to
thrive, and persistent loose stool despite adequate pancreatic
enzyme replacement therapy were labelled as possible CD diag-
nosis and were included in

the study. Within that group, patients with high level Tissue
transglutaminase (TGA levels), and high Antigliadin IgG and IgA
antibodies were subsequently considered for duodenal biopsy for
confirmation.
57
2.1. Definitions

Normal values for antibodies were defined as the following:
Anti-gliadin IgG as (0e18mg/dl), Anti-gliadin IgA as (0-3mg/dl),
Anti-Tissue Transglutaminase IgA (tTGA) (0-20mg/dl).

Three values of serological testing were determined: The first
serological testing at suspicion of CD diagnosis, at mid period of
follow up for each patient, and then at last follow up visit (Table 1).
2.2. Ethical considerations and statistical method

After obtaining the ethical approval by the research advisory
committee. The Declaration of Helsinki and good clinical practice
guidelines were followed. Data collection and data entry were su-
pervised by the principal investigator. All data needed were ob-
tained by a retrospective chart review. All data were stored in the
pediatrics research unit, accessed only by the principle investigator
and the assigned Clinical Research Coordinator. The entire patient's
information kept strictly confidential. Each patient was given a
study number, and all patients' data were entered into the desig-
nated data sheet (EXCEL) without any patient identification. The
department of Biostatistics Epidemiology and Scientific Computing
(BESC) carried out statistical analysis of the data.
2.3. Statistical analysis

For continuous variables, mean, standard deviation and median
were calculated using T-Test. Results were presented at a level of
significance of P< .05. All values were expressed in mean± stan-
dard deviation (SD).
3. Results

A total of 391 confirmed CF patients, 74 of them (19%) had celiac
screening due to symptomatology in the form of (abdominal pain in
15 (20%), abdominal distension in 12 (16%), vomiting in 23 (33%),
diarrhea despite adequate pancreatic enzymes replacements in 28
(38%), constipation in 37 (50%), and failure to thrive in 31 (42%).
Thirty-five of the 74 patients were males (47.3%, and 39 (52.7%)
were females. The mean age at diagnosis of suspected CD was 6.1
years (3.9), the mean age at follow up was 7 years (5). Geographic
origins were: 32 (43.2%) from the Eastern province, 4 (5.4%) from
the Western province, 12 (16.2%) from the Central, 15 (20.3%) from
the Northern, and 11 (14.9%) form the Southern provinces.

Antigliadin IgG level was high in 36/74 (48.6%) patients and
continued to be high through the follow-up period (Table 1). Anti-
gliadin IgA was high in 4/74 (5.4%), Anti tTGA in 4/74 (5.4%), Anti-
endomyseal IgA was positive in 3/74 (4%), anti-reticulin IgA was
positive in 2 (2.7%) of patients. The mean immunoglobulin A level
(IgA) was 1.98 (1.9mg/dl). Liver enzymes levels remained normal
through the follow-up periods (Table 1).

Twelve patients out of 74 (16.2%) agreed to bowel biopsy, 2/12
patients had the typical pathological findings of CD with villous
atrophy (Table 2)

(Fig. 1), another 4 patients showed partial villous atrophy
possibly due to chronic inflammation with negative serology. 5
patients showed normal villi and negative serology, one patient
showed infantile systemic hyalinosis. Both patients were placed on
a gluten-free diet and showed marked improvement in symptom-
atology and weight gain.

The following case report is a case presentation of one of the 2
patients that was typical for confirmed CF/CD on bowel biopsy.



Table 1
Antibody levels of CF/CD patients (total of 74 patients).

Antibodies tests # 1st antibodies level (SD) Mid period of follow-up levels (SD) Last follow-up levels (SD)

Anti-gliadin IgG Abn 73.1 (47) (N¼ 36) 67.6 (53.2) (N¼ 22) 36.8 (17.8) (N¼ 5)
Norm 8.2 (5.5) (N¼ 38) 7.6 (5.2) (N¼ 17) 7.8 (8.1) (N¼ 6)
All 41.1 (46.7) (N¼ 74) 41.5 (49.9) (N¼ 39) 21 (19.7) (N¼ 11)

Anti-gliadin IgA Abn 4.8 (1.4) (N¼ 4) 7 (5.2) (N¼ 5) 6.4 (2.9) (N¼ 3)
Norm 1.2 (0.6) (N¼ 70) 1.1 (0.4) (N¼ 34) 1.1 (0.4) (N¼ 8)
All 1.4 (1) (N¼ 74) 1.9 (2.6) (N¼ 39) 2.5 (2.8) (N¼ 11)

Anti tTGA IgA Abn 106.8 (103) (N¼ 2) 102.3 (93.2) (N¼ 2) e

Norm 5.5 (3.6) (N¼ 72) 5.3 (2.3) (N¼ 38) e

All 11 (31.3) (N¼ 74) 16.6 (42.7) (N¼ 40) 4.6 (1.5) (N¼ 15)
Anti endomysial IgA Abn Positive (N¼ 3) Positive (N¼ 2) e

Norm Negative (N¼ 71) Negative (N¼ 43) e

All (N¼ 74) (N¼ 45) e

Anti-reticulin IgA

First Second Third

Frequency Percentage Frequency Percentage Frequency Percentage

Negative 72 97.3 43 95.5 15 100
Positive 2 2.7 2 4.5 e e

Blood tests
First Second Third
N Mean (SD) N Mean (SD) N Mean (SD)

IgA level 41 1.98 (1.9) 29 1.69 (0.9) 14 1.4 (0.6)
Hb 64 122.8 (16.4) 0 e 0 e

Albumin 63 41.7 (6.9) 0 e 0 e

ALT test 66 34.3 (23.4) 41 31.3 (21) 14 31.1 (20.1)
AST test 65 40.3 (17.7) 40 37.1 (17.7) 14 31.6 (7.7)

Legend Table 1.
N ¼ Number of patients.
SD ¼ Standard deviation.
Norm¼Normal.
Abn¼Abnormal.
SD ¼ Standard Deviation.
Anti TGA¼Anti-transglutaminase.
Hb¼Hemoglobin.
IgA¼ Immunoglobulin A level.
IgA¼ Immunoglobulin A level.
ALT¼ alanine aminotransferase.
AST¼ aspartate aminotransferase.
Normal range: Anti-gliadin IgG (0e18mg/dl).
Anti-gliadin IgA (0-3mg/dl).
Anti-Tissue Transglutaminase IgA (0-20mg/dl).

Table 2
CF/CD patients biopsy results, total 2 patients.

Anti-Gliadin IgG Anti-Gliadin IgA Anti-tTGA Anti-Endomysial IgA Anti-Reticulin IgA IgA Level ALT AST Duodenal Biopsy Result

P1 86.30 (H) 1.21 254.0 (H) positive positive 0.46 40 37 flattening of villi associated with mild inflammation
P2 70 (H) 1.24 149 (H) positive positive 2.6 (H) 13.9 16 flattening of villi associated with mild inflammation

Legends Table 2.
P1eP6 ¼ Patients with positive bowel biopsy.
Anti-tTGA¼Anti-transglutaminase.
IgA¼ Immunoglobulin A level.
ALT¼ alanine aminotransferase.
AST¼ aspartate aminotransferase.
H ¼ High level.
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3.1. Case report (patient #1)

A two-month-old newborn female, of Saudi ethnicity delivered
normally as a full-term pregnancy normal vaginal delivery with a
birth weight of 2.9 kg, and no history of perinatal complications. On
the first day of life, she developed abdominal distention with
bilious vomiting and was unable to pass meconium until the
twelfth hour of life. She was later operated on for intestinal
obstruction due tomeconium ileus. An ileostomy andmucus fistula
were performed in the local hospital and she was observed for two
58
weeks. After the second week of life, she continued to have
abdominal distention, the distended segment of the ileum was
resected with a primary anastomosis and closure of the prior
stoma. At onemonth of age, the patient was noted to have icterus of
the skin and sclera with poor appetite and loose bowel movements
and minimal weight gain. At this point, she was referred to our
center for further investigation and management.

On examination the patient was breathing comfortably but she
looked pale with icteric discoloration of the skin and sclera. Her
weight and height were at the fifth percentile for age. She had



Fig. 1. Flow Diagram for Cystic fibrosis patients with Celiac disease.
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sunken eyes, sunken fontanelles and abnormal skin turgor. Chest
examination showed normal bilateral air entry without adventi-
tious sounds. The abdomenwas distended with prominent anterior
abdominal veins. Liver was 3 cm below costal margin and the
spleen was not palpable. Investigations showed low levels A, D, E,
and K. Her hemoglobin was low with a value of 7.8 g/dl, serum al-
bumin: 30mg/dl, Total Bilirubin: 153 mmol/1, Direct Bilirubin:
55.2mmol/l. A sweat chloride test showed: 88mmol/L
(normal< 29mmol/L). Her cystic fibrosis transmembrane conduc-
tance regulator (CFTR) result showed homozygous known muta-
tion 711 þ 1 G to A in intron 5. This mutation is leading to an
abnormal splicing between exon 5 and 6.

After the diagnosis of CF was confirmed, pancreatic enzymes
were started in addition to Vitamins A, D, E, K supplements with
proper nutritional rehabilitation, along with Iv hydration, Iron
supplementation and electrolytes (sodium and potassium)
replacement. Parents were taught airway clearance technique to be
done twice a day. Her follow up showed improvement of her
growth to the 25th percentile for age with improvement of he-
moglobin and electrolytes.

At five years of age, she developed increased sputum production
with cough and sputum culture revealed mucoid Pseudomonas
aeruginosa. Her pulmonary function test (PFT): forced vital capacity
(FVC)¼ 44%, forced expiratory volume in 1 s (FEV1)¼ 50%, forced
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expiratory volume in 1 s divided by forced vital capacity (FEV1/
FVC)¼ 117, mid maximal expiratory flow (MMEF)¼ 43%, functional
residual capacity (FRC)¼ 170%, residual volume (RV)¼ 276%, total
lung capacity (TLC)¼ 103%, residual volume divided by total lung
capacity (RV/TLC)¼ 72. These results show severe obstructive lung
disease with marked air trapping. She was started on oral cipro-
floxacin and nebulized tobramycin with a good clinical response.
Her weight was stationary and she had increased flatulence along
with increased bowel movements to five times per day despite an
increase in pancreatic enzyme supplementation. A suspicion of CD
was entertained.

A screening test for CD showed Anti Gliadin IgG was high with a
value of 86. 30mg/dl. Tissue transglutaminase IgA antibodies of
254mg/dl. Duodenal biopsy showed focal villous blunting with an
increase in intestinal lymphoepithelial infiltrate, consistent with
celiac disease (Fig. 1). Gastric biopsy showed mild chronic inactive
gastritis, no helicobacter pylori or intestinal metaplasia. Esophageal
biopsy showed no significant pathology. A pediatric gastroenter-
ologist consulted and started a gluten free diet with good response
in her bowel movement pattern, weight gain, somatic growth and
development.

Similarly, the second patient with CF/CD showed similar bowel
biopsy findings with a good response to gluten-free diet in regards
to symptomatic improvement and weight gain (Table 2).



Fig. 2. Biopsy result of the patient in case report showing villous atrophy
Legend Fig. 2:
Fig. 2A¼ hematoxylin-eosin staining showing: Destructive type or atrophic lesion with
moderate villous atrophy and diffuse increase in intra epithelial lymphocytes (IELs).
Fig. 2B¼ Flat lesion with total villous atrophy and diffuse increase in IELs
Fig. 2C¼ An immunohistochemical stain for CD3 which is positive in the infiltrating
lymphocytes.
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The estimated prevalence of CD in our CF symptomatic popu-
lation is estimated to be 2:74 or 3%, which is similar or slightly
60
higher than the general population [note to authors: is this calcu-
lation based on the two patients alone? What do you make of the
other patients who had positive testing or who responded to
gluten-free diets? Is CD an all-or-none diagnosis in CF patients?

Save this statement for the discussion section. We think the
prevalence is under-estimated due to under screening of the other
non-symptomatic CF patients.

4. Discussion

CF in itself is a disease that affects multiple systems with pul-
monary dysfunction being the predominant cause of morbidity and
mortality.

Aljebreen et al. [13] suggested that the sero-prevalence of CD in
Saudi Arabia might be the highest in the world. His study was
conducted by taking healthy students ranging from grade 10 to 12
in December 2007 in the regions of Aseer, Al-Qassim and Madinah
and venous blood samples were tested for Immunoglobulin A and
Immunoglobulin G endomysial antibody by indirect immunofluo-
rescence. Out of a sample of 1167 students across the regions, 26
students had a seropositive result for CD, which calculates to a
prevalence of CD of 2.2% [13].

Alhatlani et al. [14] concluded that: the prevalence of CD was
estimated to be about 1% among symptom-free children from the
public schools of the military campus of National Guard in the
Eastern Province of Saudi Arabia. This study was conducted be-
tween 2012 and 2014. Serum samples were collected from students
between the age of 6e18 years. Blood samples were tested for anti-
transglutaminase Ig A and Ig G antibodies; individuals with positive
results were then offered intestinal biopsy for further confirmation
[14].

Ten of the 32 students accepted to undergo endoscopy and bi-
opsies; all the 10 students had duodenal biopsies consistent with
CD.

Alajlan et al. [15] studied the prevalence of CD among healthy
individuals and individuals with irritable bowel syndrome within
the Kingdom of Saudi Arabia. The population studied was native of
Riyadh in particular, those that are either in university or within the
health field working in hospitals within the capital (Riyadh). The
screening method used was blood samples looking for serological
markers for CD, i.e., tissue transglutaminase and endomysial
autoantibody. The prevalence of CD amongst the screened popu-
lation was determined to be 1.9% within healthy individuals and
9.6% within the Irritable bowel syndrome population. The author
concluded that CD can be underdiagnosed due to the similarity in
symptomatology with irritable bowel syndrome and also that ir-
ritable bowel syndrome is over-diagnosed. He suggested that irri-
table bowel syndrome patients should be screened for CD [15].

Both CF and CD can cause low bone mineral density (BMD) and
fractures. Celiac disease may occur at a higher frequency in patients
with CF than the general population, and symptoms of these con-
ditions may overlap. Because adherence to a gluten-free diet may
improve BMD in patients with CD, this could have important im-
plications for treatment. Clinicians should consider screening for
CD in patients with CF who have low BMD, worsening BMD in the
absence of other risk factors, and/or difficult to treat vitamin D
deficiency.

From our study, 391 confirmed CF cases and 74 of them (19%)
had CD symptomatology. Six of the 74 cases (8%) had significantly
high serology (Anti-gliadin antibodies, tissue transglutaminase
tTGA) and 6 of them agreed to do bowel biopsy and had typical
findings of celiac disease on histopathology. They were placed on a
gluten-free diet and showed significant improvement in symp-
tomatology and weight gain. The combination of CF and CD dis-
eases has never been reported in the Middle East. The estimated
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prevalence of celiac disease in our CF population is 6:74 (8% or
8:100) which is higher than the general population. Its prevalence
could be higher if all 391 CF patients had a routine celiac screening
in the absence of CD symptomatology as the disease could have a
silent course. Therefore, we recommend routine CD screening for
all CF patients.

5. Conclusion

CD screening should be considered in all CF patients despite
absence of symptoms. The prevalence of CD in CF patient in Saudi
Arabia appears to be similar to the general population. A further
study to screen the whole CF population is needed to delineate the
actual prevalence especially in asymptomatic CF patients.
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