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ABSTRACT
Background/Aims: Little is known about the relationship between small intestinal bacterial overgrowth (SIBO) and celiac disease (CeD) 
in patients who are unresponsive to a gluten-free diet (GFD). This study aimed to determine the SIBO prevalence in patients with CeD 
who are unresponsive to a GFD.
Materials and Methods: We conducted a case-control study from July 2012 to September 2014. We included 32 patients with CeD who 
were unresponsive to a GFD and 52 healthy age- and sex-matched controls. Demographic, clinical, and laboratory data were obtained 
from patients’ medical records. Antitissue transglutaminase antibody determined by enzyme-linked immunosorbent assay was record-
ed, and lactulose hydrogen breath test (LHBT) was used to detect SIBO in all participants. Microbiological analysis, including jejunal 
aspirates obtained using upper endoscopy, was performed for only 20 patients with CeD. 
Results: A total of 10 (31%) of 32 patients with CeD and 4 (7.7%) of 52 controls tested positive for LHBT, with a statistically significant 
difference (p=0.007). Of 20 cultures, 3 (15%) were positive with no statistically significant correlation between the cultures and LHBT 
(p=0.05). In a subgroup analysis of children who were 18 years old or younger, 7/24 (29.2%) patients with CeD had a positive LHBT com-
pared with 3/32 (9.4%) controls, but this difference was not statistically significant (p=0.08).
Conclusion: The prevalence of SIBO was 31% in unresponsive patients with CeD according to LHBT and 15% in the quantitative culture 
of the jejunal aspirate, which is comparable with the published Western literature 
Keywords:  Bacteria, celiac disease, child, gluten-free diet, breath test, lactulose, Saudi Arabia

INTRODUCTION
Celiac disease (CeD) is an autoimmune enteropathy trig-
gered by gluten ingestion in genetically susceptible indi-
viduals with a prevalence of about 1:100 in the Western 
countries (1, 2). In Saudi Arabia, seroprevalence rates of 
CeD are 2.8% and 2.2% in children and adolescents, re-
spectively (3, 4). Small intestinal bacterial overgrowth 
(SIBO) is a condition characterized by excessive growth 
of bacteria in the small intestine (5). Presence of more 
than 105 colony-forming units (CFU)/mL of proximal je-
junal aspiration is required to define this condition (5, 
6). The main clinical symptoms related to SIBO are ab-
dominal discomfort, bloating, flatus, chronic diarrhea, 
steatorrhea, nausea, and poor weight gain (7). Although 
the jejunal fluid aspiration remains the gold standard for 
diagnosis of SIBO, (5) other noninvasive diagnostic meth-
ods, such as lactulose hydrogen breath test (LHBT) and 
a glucose hydrogen breath test (GHBT), have been used 
(8, 9). SIBO has been reported in association with CeD in 
adult patients (10-12). 

Several studies have investigated the association be-
tween SIBO and CeD in adult patients who are unre-
sponsive to a gluten-free diet (GFD) (13-18). However, no 
studies have been conducted in a Saudi population where 
CeD is prevalent. Thus, this case-control study is the first 
and only study, thus far, to assess the prevalence of SIBO 
in patients with CeD, including children and adults who 
are unresponsive to a GFD in the Arab countries. 

MATERIALS AND METHODS

Study Participants
We conducted a case-control study from July 2012 to 
September 2014. A total of 32 patients diagnosed with 
CeD, who were unresponsive to GFD, were included. The 
unresponsiveness to a GFD was defined as showing per-
sistent symptoms despite strict adherence to a GFD for 
12 months (14, 17). Adherence to a GFD was assessed by 
a celiac dietician who interviewed the patients using a di-
etary questionnaire and by detecting a significant decline 
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of the antitissue transglutaminase (anti-tTG) antibodies 
from the initial reading at diagnosis. The control group 
included 52 healthy individuals who were matched for 
age and sex. Data, including demographics, clinical symp-
toms, body mass index, and blood tests (albumin, hemo-
globin, leukocyte counts, platelets count, and vitamin D 
level), were obtained from the patients’ medical records. 
All participants were tested for bacterial overgrowth us-
ing LHBT and for CeD using anti-tTG antibodies. The jeju-
nal aspirates for bacterial culture were obtained through 
endoscopy, which was performed only in a subset of pa-
tients with CeD.

Serology Testing (anti-tTG)
Anti-tTG results were obtained from the patients’ med-
ical records. Healthy controls underwent anti-tTG tests 
using enzyme-linked immunosorbent assay kits (Euroim-
mun Medical Laboratory Diagnostics, Seekamp, Luebeck, 
Germany). Results were calculated and interpreted ac-
cording to the high positive cutoff, which was 20 unit/mL 
according to the manufacturer’s instructions.

LHBT
All the participants were tested for SIBO using LHBT. We 
used a breath gas analyzer (Bedfont gastrolyzer; Bedfont 
Scientific Ltd., ME13QX, England) and lactulose syrup (65 
g/100 mL) from the Egyptian International Pharmaceuti-
cal Industries Company. The patients were instructed not 
to take antibiotics for at least 2 weeks and discontinue 
probiotics 7–10 days before the test. They were also in-
structed not to eat fruits, grains, beans, and cereals for 
at least 12 hours before the test. An overnight fasting 
was required for the basal breath hydrogen level. Physi-
cally strenuous activities and cigarette smoking were not 
permitted at least 2 hours before and during the test to 
avoid hyperventilation. Just before the test, the patients 
had to brush their teeth and wash their mouths with an 
antiseptic mouthwash, followed by tap water to eliminate 
an early hydrogen peak that would occur because of the 
action of oral bacteria on the test sugar (19). An average 

of 3 values was taken as the basal breath hydrogen level. 
Oral lactulose syrup (10 mL) was administered containing 
6.5 g of dissolved lactulose. The level of the breath hydro-
gen was measured using the Bedfont breath gas analyzer 
every 15 minutes for 3 hours, which was continued for 
up to 4–5 hours in case of absence of peaks. The rise of 
breath hydrogen by ≥20 parts per million (ppm) above the 
basal level within the first 100 minutes or 2 peaks ≥20 
ppm over baseline was taken as evidence of SIBO (20). 
Although glucose has been reported to have better diag-
nostic accuracy than lactulose, both sugars are common-
ly used for the hydrogen breath test in clinical practice. 
We chose lactulose because it is the standard test in our 
hospital and has the advantage of measuring the orocecal 
transit time between its 2 recorded peaks.

Aspiration of Jejunal Fluids 
Only a subset of patients with CeD underwent jejunal 
aspiration. It was performed using an aspiration catheter 
(Hobbs Medical Inc., Stafford Springs, CT, USA) of 240 
cm in length and 2.3 mm in diameter that was passed 
through the biopsy channel of the gastroscope. A dis-
infected gastroscope and a sterile catheter were used 
to collect the aspirate. The catheter tip was positioned 
beyond the duodenum into the jejunum. To avoid any 
potential contamination, suction of secretions was not 
performed before positioning the aspiration catheter 
in the jejunum. The other end of the catheter was con-
nected to a 10-mL sterile plastic syringe through which 
small bowel fluid was suctioned to obtain an amount of 
approximately 1 mL. The catheter (with the syringe) was 
returned to its sterile package and was then immediately 
taken to the microbiology laboratory where the aspirate 
was transported into a sterile micro vial and cultured for 
aerobic and anaerobic bacteria. 

Aseptic Microtechnique for Delivering a Very Small Vol-
ume of the Jejunal Aspirate from a Catheter
An issue was encountered in the jejunal aspiration pro-
cess. The aspirate mostly contained a very small volume 
that remained within the catheter. Thus, a novel asep-
tic microtechnique was developed for delivering small 
volumes of the jejunal aspirate from a catheter into a 
sterile micro vial. After aspiration, the catheter (with the 
attached plastic disposable syringe) was returned to its 
sterile bag and taken immediately to the microbiolo-
gy laboratory within 10 minutes. Using a microbiological 
safety cabinet, the attached syringe was disconnected 
and the contents of the jejunal aspirate were emptied 
into a sterile micro vial. A 25-mL sterile plastic dispos-
able syringe that was full of air was attached to the cath-

MAIN POINTS
• SIBO should be always suspected in patients with CeD un-

responsive to the gluten free diet.
• Breath hydrogen test using lactulose or glucose can be uti-

lized as a noninvasive diagnostic test.
• Culture of the jejunal aspirate remains the gold standard 

for diagnosis. 
• We found a high prevalence rate of SIBO in our patients 

with CeD that is comparable with the published Western 
literature.
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eter. The air inside the syringe was pushed to empty the 
jejunal aspirate inside the sterile micro vial. Thereafter, 
the syringe was disconnected from the catheter and air 
filled. Again, the inside air was pushed to empty the jeju-
nal aspirate inside the sterile micro vial. The process was 
repeated until the entire jejunal aspirate was transferred 
into the sterile micro vial. This technique was found to be 
aseptic and harmless on anaerobic bacteria when test-
ed 3 times for a suspension of Clostridium sporogenes in 
Robertson’s cooked meat broth (RCMB). The culture of 
the suspensions showed heavy growth of only Clostridi-
um sporogenes without any contamination.

Microbiology of the Jejunal Aspirates
After transferring the jejunal aspirates from the catheter 
into sterile micro vial, each jejunal aspirate was tested for 
SIBO. A smear was prepared, fixed, gram-stained, and 
then cultured aerobically and anaerobically using stan-
dard techniques (21). Each jejunal aspirate was homog-
enized by vortex and was serially diluted (1/20–1/20,000) 
with 0.5 mL of sterile distilled water for aerobic culture 
and with sterile RCMB for anaerobic culture. For aerobic 
culture, 10 µL of the undiluted sample and 100 µL of each 
dilution in distilled water were plated on the blood agar 
and MacConkey agar plates that were incubated at 37°C 
for 48 hours. 

For anaerobic culture, 10 µL of the undiluted sample and 
100 µL of each dilution in RCMB were cultured on plates 
of neomycin anaerobic blood agar and Wilkins-Chalgren-
agar that were incubated in an anaerobic chamber at 37°C 
for 48 hours and 5 days, respectively. For lactobacilli, we 
used plates of Rogosa agar that were incubated in an-
aerobic conditions. Internal controls included two-third 
of each plate, with one-third being used for Clostridium 
sporogenes (anaerobic control) and the other third for 
Pseudomonas aeruginosa (aerobic control). At the end of 
the incubation, colonies were counted and bacterial spe-
cies were identified using standard methodology and on 
Vitek 2 automation system (bioMerieux) (21, 22). Bacteri-
al counts were expressed as a logarithm of CFU/mL of the 
jejunal fluid according to the following formula: number 
of colonies×dilution factor, which is the reciprocal of the 
dilution. A growth of more than 105 CFU/mL was consid-
ered significant to indicate SIBO and for further bacterial 
identification.

Histopathology 
Biopsies of the small bowel (4-6 specimens) were evalu-
ated by a single gastrointestinal pathologist to assess the 
severity of enteropathy. Biopsy specimens were classified 

according to Marsh-Oberhuber classification (23). All the 
patients with CeD at the initial diagnosis had severe en-
teropathy (Marsh 3c). 

Statistical Analysis 
All data analyses were performed using the Statistical 
Analysis System (SAS) v9.4 (SAS Institute, Cary, NC, 
USA). Descriptive statistics was performed using mean 
and standard deviation (SD), median and range, and fre-
quencies and percentages. For comparisons, we used 
chi-squared test and Fisher’s exact test for categorical 
variables and 2-sample t-test and Mann–Whitney U test 
for continuous variables per the data. To estimate the 
correlation between the different tests, we used tetra-
choric correlation coefficients, which are used to test the 
correlation between binary variables. We also calculated 
the sensitivity and specificity of LHBT compared with the 
bacterial culture, which is the gold standard. A p<0.05 
was considered statistically significant. 

Ethical Oversight
Ethical considerations in accordance with the declara-
tion of Helsinki were followed throughout the duration of 
this study. The study was approved by the research com-
mittee/biomedical ethics unit, King Abdulaziz University 
(Reference No 572-11). A written informed consent was 
obtained from each patient or the parent of the patient 
for participation, which included blood sampling, breath 
tests after sugar syrup intake, and endoscopy (for pa-
tients with CeD).

RESULTS

Baseline Characteristics
A total of 32 patients with CeD who were unresponsive 
to a GFD and 52 healthy controls matched for age and 
sex were included in the analysis. 

Patients with CeD: The median age was 15.5 (range, 7-23) 
years. The mean age±SD for the patients was 14.9±4.5 
years. There were 19 (59.4%) men and 13 (40.6%) wom-
en with a male/female (M/F) ratio of 1.5:1. There were 17 
(53.0%) Saudi participants and 15 (47.0%) non-Saudi 
participants, with a Saudi/non-Saudi ratio of 1.3:1. There 
were 14 (43.8%) seronegative and 18 (56.3%) sero-
positive patients with a ratio of 1:1.3. Only 20 patients 
(62.5%) underwent endoscopy followed by culture of the 
jejunal aspirate.

Controls: The median age was 17 (7-23) years. The 
mean±SD age was 16.2±4.6 years. There were 41 (78.8%) 
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men and 11 (21.2%) women with M/F ratio of 3.7:1. There 
were 17 (53.0%) Saudi participants and 15 (47.0%) 
non-Saudi participants, with a Saudi/non-Saudi ratio of 
1.3:1. All controls were seronegative, and none had an en-
doscopy performed for the jejunal fluid aspiration. Demo-
graphic and clinical characteristics are shown in Table 1.

Prevalence of SIBO Using LHBT and Bacterial Culture
A total of 10 (31%) of 32 patients with CeD and 4 (7.7%) 
of 52 controls were positive for LHBT, with a significant 
difference between both the groups (p=0.004). A total of 
3 (15%) of 20 cultures were positive, but 1 had a negative 
LHBT. The culture of the jejunal fluid revealed significant 
growth of gram-positive Streptococcus viridans in 2 pa-
tients and Lactobacillus in 1 patient. Of the 17 negative 
cultures, 1 had a positive LHBT (Table 2). Compared with 
the culture, which is the gold standard for SIBO diagnosis, 
the sensitivity and specificity of LHBT were 66.7% and 
94.1%, respectively. There was no statistically significant 
association between LHBT and culture tests (p=0.05) 
with no statistically significant correlation (tetrachoric 
rho=0.85; p=0.05). Furthermore, there was no significant 
correlation (p>0.05) among anti-tTG, culture, and Marsh 
score (anti-tTG and culture, tetrachoric rho=1.00; an-
ti-tTG and Marsh score, tetrachoric rho=0.61; culture and 
Marsh score, tetrachoric rho=1.00).

There was no significant difference in the clinical and lab-
oratory variables between the patients with positive and 
negative LHBT among those with CeD (Table 3). There 
was also no significant difference in the demographic 
and clinical variables between LHBT-positive and -neg-
ative patients among all the participants, except for the 
anti-tTG serology test (p=0.004) (Table 4).

In children who were 18 years or younger, positive LHBT 
was detected in 7/24 (29.2%) patients and in 3/32 

Table 1. Baseline characteristics of patients with celiac disease and 
controls.

CeD patients 
(n=32)

Controls 
(n=52) p

Age, median (range) Yrs. 15.5 (7-23) 17 (7-23) 0.22*

Age, mean±SD 14.9±4.5 16.2±4.6 0.24**

Age groups

   0-18 years 24 32 0.20***

   >18 years 8 20

Male: female ratio 1.6:1 3.7:1 0.06***

Saudi nationality (%) 17 (53%) 29 (56%) 0.80***

Clinical manifestations, 
n (%)

   Abdominal pain 17 (20.2%)

   Abdominal distention 16 (19%)

   Diarrhea 15 (17.9%)

   Poor weight gain 14 (16.7%)

   Loss of appetite 10 (11.9%)

   Pallor 6 (7.1%)

Positive serology, n (%) 18 (56%) 0.0 (0.0%) <0.001****

Marsh Classification, n 
(%) (Histopathology)

   Type 0 12 (37.5%)

   Type 1 9 (28.1%)

   Type 3a 5 (15.6%)

   Type 3b 3 (9.4%)

   Type 3c 3 (9.4%)

Hemoglobin (g/dl), mean 
(SD)

12 (2.1%)

Leukocyte counts (k/ul), 
mean (SD)

5.8 (1.8%)

Platelets counts (k/ul), 
mean (SD)

301 (99%)

Albumin (g/L), mean (SD) 38 (3.2%)

25-hydroxyvitamin D level 
(ng/mL) mean (SD)

40.8 (19.7%)

*Mann-Whitney U test 
** Two-sample t-test 
***chi-square test ****Fisher’s exact test

Table 2. Relationship between the jejunal aspirate culture and lact-
ulose hydrogen breath test results.

Culture of jejunal aspirates

p
Negative  

N (%)
Positive  
N (%)

Total  
N (%)

LHBT Negative 16 (94.1) 1 (33.3) 17 (85) 0.05*

Positive 1 (5.9) 2 (66.7) 3 (15)

Total 17 (100) 3 (100) 20 (100)

*Fisher’s exact test
LHBT: lactulose hydrogen breath test
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(9.4%) controls (p=0.08). In adults, 3/8 (37.5%) patients 
tested positive for LHBT and only 1 control tested posi-
tive for LHBT (p=0.06). There was a significant difference 
in the prevalence of SIBO detected by LHBT between 
patients and controls (p=0.007). However, there was no 
significant difference in the prevalence of SIBO between 
children and adults (p=0.765) (Table 5).

Among patients who had a jejunal culture, 3 (15%) had a pos-
itive culture; 2/14 (14.3%) children and 1/6 (16.7%) adults 
were found positive of the 20 patients tested (Table 6).

DISCUSSION
CeD is an autoimmune enteropathy triggered by gluten 
ingestion in genetically susceptible individuals, which 
usually manifests itself as symptoms of malabsorption, 
including diarrhea, abdominal pain, abdominal distention, 
and poor weight gain (1). Patients with CeD usually im-
prove on GFD; however, 7%–30% of the patients con-
tinue to have symptoms of malabsorption despite ad-
herence to the GFD and require further evaluation (24). 
The lack of response to a prescribed GFD or recurrence of 
gastrointestinal symptoms despite GFD maintenance in 
patients who responded initially to GFD is usually termed 
“unresponsive CeD” (13). Unresponsiveness suggests 
gluten contamination or coexistence of other conditions, 
such as SIBO, pancreatic insufficiency, giardiasis, lympho-
cytic colitis, ulcerative jejunitis, and refractory CeD (13).

SIBO occurs usually because of an increased number 
and/or abnormal types of bacteria in the small intestine 

(25). Symptoms, such as diarrhea, bloating, and malab-
sorption, can manifest in SIBO. The gold standard for the 
diagnosis of SIBO is the bacterial culture of the jejunal 
fluid aspirate, obtained through upper gastrointestinal 
endoscopy and diagnosed when bacteria ≥105 CFU/mL 
of the proximal jejunal fluids is found (5). However, this 
method is invasive and not practical. Despite low sensi-
tivity and specificity, hydrogen breath test is considered 
more practical by most authors. The test can achieve a 
sensitivity of 62.5% and a specificity of 82%, with a diag-
nostic accuracy of 72% after glucose use and a sensitivity 
of 52%, specificity of 86%, with a diagnostic accuracy of 
55% after lactulose use (26). Mattson et al. (27) reported 
that LHBT is more often positive than GHBT. However, 
a recent systematic review (28) showed no difference in 
the prevalence of SIBO reported by studies using either 
GHBT or LHBT.

SIBO has been reported in relation to CeD by several stud-
ies (10, 11, 14, 18). SIBO plays a role in the pathogenesis of 
CeD by changing the expression of the tight junction pro-
tein, zonula occludens-1, leading to gliadin translocation 
through impaired tight junction function and increase in 
the luminal gastrointestinal response to gliadin, resulting 
in inflammation and dysmotlity (29).

The mean reported prevalence of SIBO among adults with 
CeD using LHBT was 29.7%, with a range of 5%-66.6% 
(10, 14, 15, 18, 30), 16.9%, with a range 8.3%-21.57% us-
ing GHBT (11, 12, 31), and 24.6%, with a range 9.39%-
50% using cultures of the jejunal fluids (13, 16, 17).

Table 3. Comparison of patients with celiac disease with positive and negative lactulose hydrogen breath test.

Variable

Positive LHBT Negative LHBT

pN Mean (SD) N Mean (SD)

Age (years) 10 13.5 (5.5) 22 15.6 (3.9) 0.30*

BMI 9 18.1 (5.6) 20 17.9 (3.4) 0.92

tTG (u/ml) 10 114.4 (104) 19 99.5 (69) 0.79

Albumin (g/L) 10 37.7 (2.9) 21 38.2 (3.4) 1.0

Hemoglobin (g/dl) 10 12.2 (2) 20 11.9 (2.2) 0.59

Leukocyte count (k/ul) 10 5.8 (1.7) 21 5.9 (1.9) 0.96

Platelets counts (k/ul) 10 332 (102) 21 286 (96) 0.24

25-hydroxyvitamin D level (ng/mL) 10 34.3 (18.3) 21 43.9 (20) 0.35

* Two sample t-test 
LHBT: lactulose hydrogen breath test; BMI: body mass index
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Although the most common cause of CeD that is unrespon-
siveness to GFD is the inadvertent consumption of gluten, 
other causes have been described including SIBO (13, 18). 
Our study focused on CeD unresponsive to GFD in children 
and adults. Few studies were conducted in patients with 
unresponsive CeD (13-18). However, those studies differ 
in their definition of unresponsiveness to the GFD; 2 stud-
ies used “persistent symptoms after 12 months of GFD” to 
define unresponsiveness (14, 17), 1 used “persistent symp-
toms for 24 months” (15), 1 used “persistence of symptoms 
for 6–8 months” (18), 1 used “persistence of symptoms and 
histological atrophy after 12 months” (13), and 1 used “per-
sistent histological atrophy” (16). In our study, we relied on 
the “persistence of symptoms after 12 months of GFD” as 
a criterion to define the unresponsiveness in the population 
studied. All the reported studies were conducted in adults 
only, and our study cohort included pediatric patients and 
controls.

A total of 3 studies using LHBT showed prevalence of SIBO 
of 9%, 20%, and 48% (10, 14, 15). Our study showed an 
overall prevalence of 31% in patients with CeD and 7.7% 
in the controls that showed a statistically significant dif-
ference (p=0.007). The prevalence of SIBO in our patients 
with CeD is close to that reported by Chang et al (14), and 
1 of the 3 studies had a case-control design, similar to our 
study (10). However, unlike our study, no significant dif-
ference in the prevalence of SIBO between the patients 
and controls was detected (20% vs. 13.33%).

In our study, we also performed bacterial culture of the 
jejunal fluid aspirate that was positive in 16.7% adults 
and 14.3% children. Comparing our results with 2 other 
similar studies using culture and sharing the same criteria 
for defining unresponsiveness, our prevalence using the 
culture method was low and comparable with the preva-
lence of 11.4% and 14.3% reported in these studies (13, 
17). The discrepancy between the results of the LHBT 
and bacterial culture may be explained partly by the rel-
atively high frequency of false-positive results of LHBT, 
especially in patients with rapid orocecal transit time (6). 
In addition, culture methods of the jejunal aspirate may 
not be perfect either because they may miss patchy or 
more distal SIBO and because they are poorly reproduc-
ible (25). Therefore, from a practical viewpoint, LHBT is 
more widely used than culture methods in clinical set-
tings.

In our subgroup analysis, patients older than 18 years had 
SIBO prevalence of 37.5% vs. 5% in the controls, and 
patients who were 18 years or younger had SIBO prev-

Table 4. Bivariate analysis of the clinical and demographic variables 
in relation to lactulose hydrogen breath test.

Variable

Positive 
LHBT  
N (%)

Negative 
LHBT  
N (%)

Total  
N (%) p*

Age category

   Children 10 (71.4) 46 (65.7) 56 (66.7) 0.76

   Adult 4 (28.6) 24 (34.3) 28 (33.3)

Gender

   Male 8 (57.1) 52 (74.3) 60 (71.4) 0.19

   Female 6 (42.9) 18 (25.7) 24 (28.5)

Nationality

   Saudi 7 (53.8) 39 (54.9) 46 (54.7) 0.94

   Non-Saudi 6 (46.2) 32 (45.1) 38 (45.2)

Poor weight gain

   Yes 4 (50) 10 (55.5) 14 (53.8) 0.79

   no 4 (50) 8 (44.4) 12 (46.1)

Loss of appetite

   Yes 5 (27.7) 5 (62.5) 10 (38.4) 0.19

   no 13 (72.2) 3 (37.5) 16 (61.5)

Abdominal pain

   Yes 4 (50) 13 (72.2) 17 (65.3) 0.38

   no 4 (50) 5 (27.7) 9 (34.6)

Diarrhea

   Yes 5 (62.5) 10 (55.5) 15 (57.6) 1.0

   no 3 (37.5) 8 (44.4) 11(42.3)

Abdominal distension

   Yes 4 (50) 12 (66.6) 16 (61.5) 0.66

   no 4 (50) 6 (11.3) 10 (38.4)

Serology

   Positive 7 (50.0) 11 (15.7) 18 (21.4) 0.004**

   Negative 7 (50.0) 59 (84.3) 66 (78.6)

Histopathology grading

   Marsh 0 3 (30) 9 (40.9) 12(37.5) 0.87

   Marsh 1 4 (40) 5 (22.7) 9 (28.1)

   Marsh 3a 1 (10) 4 (18.1) 5 (15.6)

   Marsh 3b 1 (10) 2 (9.1) 3 (9.4)

   Marsh 3c 1 (10) 2 (9.1) 3 (9.4)

* chi-square/ Fisher’s exact test
**p<0.05
LHBT: lactulose hydrogen breath test
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alence of 29.2% vs. 9.4% in the controls. However, for 
both the age groups, the differences in the SIBO prev-
alence were not significant. No studies reported SIBO 
prevalence in the younger age group for unresponsive 
CeD. The overall prevalence of SIBO and prevalence in 
both adults and children in our study are consistent with 
the prevalence reported by other studies using similar 
diagnostic methodology. Other factors, such as obe-
sity, may be a risk factor for SIBO. Recent reports have 
suggested an increasing incidence of obesity in patients 
with CeD (32, 33); however, none of the patients in this 
study were obese (Table 2). 

Our study has several strengths. We included a sample of 
both children and adults using a healthy control group for 
comparison. We used 2 techniques, LHBT and quantita-
tive bacterial culture, to diagnose SIBO. 

In conclusion, the prevalence of SIBO was high using 
LHBT in unresponsive Saudi and Arab children and adults 
with CeD compared with healthy matched controls. Al-
though SIBO is possible cause for unresponsiveness to 
GFD in a significant proportion of patients, other poten-
tial causes must be excluded. Further studies are needed 
to evaluate patients’ symptoms and responsiveness to a 
GFD after the treatment of SIBO.
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