
TYPE Original Research
PUBLISHED 22 January 2025| DOI 10.3389/fped.2025.1527114
EDITED BY

Nafiye Urganci,
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Introduction: Studies on the clinical presentation of celiac disease and its impact
on the growth of children in Lebanon are limited. The aim of this 10-year-
retrospective study was to describe the common clinical presentations,
diagnostic modalities, and the effect of the gluten-free- diet (GFD) on the
growth of children and adolescents with celiac disease.
Methods: This was a retrospective chart review of subjects aged 6 months to 18
years who visited the Pediatric Gastroenterology clinic at the American University
of Beirut Medical Center (AUBMC) between January 1, 2013, and June 30, 2023,
and who were diagnosed with celiac disease based on serological markers and/
or changes on histology of the small intestinal mucosal biopsies for those who
underwent upper endoscopy, or HLA typing expressing the HLA-DQ2 or DQ8
gene for few subjects.
Results: The study included 90 patients with celiac disease, of whom 64 were
newly diagnosed during the study period. The mean age at diagnosis of celiac
disease was 6.93 years. Females represented 60% of the pediatric subjects
with celiac disease. The most common symptoms reported were abdominal
pain (51.1%), weight loss or failure to thrive (45.6%), and diarrhea (24.4%).
There was a significant increase in the mean weight-for-age Z-score (WAZ)
and mean body mass index (BMI)-for-age Z-score (BMIZ) 12 months following
initiation of GFD; however, the change in height-for-age Z-score (HAZ) at 12
months was not statistically significant. Half of the subjects were in remission
at the last clinic follow-up.
Conclusion: The most common symptoms that children with celiac disease in
this cohort presented with are diarrhea, abdominal pain and failure to thrive.
In this cohort, there was a significant increase in the weight parameters with
no significant change in the height at 12 months after initiation of the GFD.
The recognition of early manifestations, early diagnosis and strict adherence
to the diet are of paramount importance to prevent long term complications.
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1 Introduction

The effect of pediatric gastrointestinal autoimmune diseases

including celiac disease on nutrition and growth in children and

adolescents can be devastating (1). Growth failure is related to

poor appetite, abdominal symptoms, malabsorption, in addition

to genetic factors. Celiac disease was found to be the leading

cause for short stature, surpassing even growth hormone

deficiency (2). There are only few studies assessing the growth

trajectory of affected children longitudinally. A study by Kahrs

et al. found that children diagnosed with celiac disease tend to be

significantly shorter at 12 months of age as compared to controls

(3). Another study from the Netherlands showed a decrease in

the overall growth trajectory from 6 months to 6 years of age in

patients with celiac disease (4).

The gluten-free- diet GFD is currently the only available

treatment for patients with celiac disease along with necessary

nutritional supplementation such as vitamin D, calcium and iron

(5). Following a gluten-free-diet, by avoiding gluten-containing

grains, wheat, rye and barley, typically promotes catch-up growth

and normalization of weight and leads to clinical remission and

normalization of serological markers and histological findings

(5–9). In addition, GFD was associated with improvements in

serum vitamin D and iron levels as demonstrated in previous

studies, and this was attributed to enhanced intestinal absorption

(10). However, adherence to the GFD, in the developing world,

is challenging mainly in the pediatric and adolescent population

due to several barriers, including limited gluten-free options,

high costs, poor palatability of the alternatives, insufficient

awareness about the importance of the diet, and conflicts

between children and their caregivers regarding food choices (5).

There are limited studies on the clinical presentation of celiac

disease and its effect on growth of children in the Middle East

and North African (MENA) region. This 10-year-retrospective

study, aimed to describe the common clinical presentations,

diagnostic modalities, and the effect of the gluten-free-diet on the

growth of children and adolescents with celiac disease followed at

the American University of Beirut Medical Center, a tertiary care

center in Lebanon.
2 Materials and methods

2.1 Study design

We conducted a retrospective chart review of pediatric

subjects diagnosed with celiac disease who were followed at the

Pediatric Gastroenterology clinic at the American University of

Beirut Medical Center (AUBMC) between January 1, 2013, and

June 30, 2023.

All subjects were identified retrospectively, and their charts

were reviewed through medical records by looking at the

following ICD-9 and ICD-10 code for clinic visits for “celiac

disease”. The study was approved by the institutional review

board (IRB) at AUBMC (IRB approval number: BIO-2023-0174).
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2.2 Inclusion and exclusion criteria

The subjects included in the study were patients aged 6 months

to 18 years diagnosed with celiac disease based on: 1- serological

markers including anti-tissue transglutaminase antibody (tTGA)

IgG and IgA and anti-endomysial antibody (EMA) IgA (EMA-

IgA), and/or; 2- changes on histology of the small intestinal

mucosal biopsies with villous atrophy for patients who underwent

upper endoscopy, or; 3- HLA typing expressing the HLA-DQ2 or

DQ8 gene for patients who refused endoscopy. The EMA is done

as a qualitative measure, whereas the tTGA provides quantitative

values (for tTGA IgG negative is less than 10 U/ml, and for tTGA

IgA negative is less than 4 U/ml). Total blood IgA levels were

measured to rule out IgA deficiency. All initial tests were

performed while patients were on a gluten-containing diet.

For subjects who did not undergo upper endoscopy and biopsy,

the new ESPGHAN guidelines were used for the diagnosis of

pediatric celiac disease, where a no-biopsy approach can be

followed in patients with tTGA IgA levels ≥10 times the upper

limit (11).

Subjects with an unconfirmed diagnosis of celiac disease, those

who were lost to follow up and subjects in whom the diagnosis of

celiac disease was refuted, were excluded from the study.
2.3 Data collection and study variables

Data extracted from medical records included age, gender,

clinical presentation, anthropometric measurements, laboratory

results such as serological markers, hemoglobin, iron and serum

25-hydroxyvitamin D levels, small intestinal biopsy results, and

HLA typing, when available.

The measurements of weight and length/height recorded in the

charts of the included subjects were taken by a trained pediatric

nurse. The weight of children below the age of two years and

below the weight of 20 Kilograms (kg) was measured using a

regularly calibrated infant scale with only a clean diaper on. The

length of these children was measured in the supine position

using a rigid pediatric length measuring board with a range from

0 to 100 cm. Children above the age of two years were weighed

barefoot standing on a regularly calibrated scale. Their height

was measured standing on a stadiometer with a measuring range

of 85–200 cm. The body mass index (BMI) was calculated as the

weight in kg divided by height in meters (m) squared.

The anthropometric parameters were expressed as Z-scores

relative to the National Center for Health Statistics standards

using the Baylor College of Medicine calculator [weight-for-age

Z-score (WAZ), height-for-age Z-score (HAZ), and BMI-for-age

Z-score (BMIZ)] (12).
2.4 Definitions

Stunting was defined as HAZ less than 2 standard deviations

relative to the normal standards; while wasting or undernutrition
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was defined as BMIZ less than 2 standard deviations relative

to the normal standards. Underweight was defined as WAZ

less than 2 standard deviations relative to the normal

standards (13, 14).

Remission was defined as symptoms’ resolution, and

normalization of celiac disease serology after following a GFD.

Improved but not in remission was defined as subjects who

showed clinical and/or serological improvement but had not yet

reached full remission. Relapse was defined as recurrence of

symptoms or the reappearance of positive antibody results after

clinical and serological normalization.
2.5 Statistical analysis

All statistical analysis were performed using the Statistical

Package for the Social Sciences program [SPSS, version 23.0 for

Windows (IBM, Armonk, NY)]. Simple descriptive statistics were

used to describe the subjects’ demographics and characteristics,

and were represented as frequency and percentages. Continuous

variables were reported as mean and range.

The change in growth parameters and hemoglobin, iron and

vitamin D values was calculated at 6 and 12 months with the

statistical significance determined using the paired t-test. A

p-value less than 0.05 was considered statistically significant.
FIGURE 1

Flowchart of identification and inclusion criteria.
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3 Results

We identified 137 subjects with a diagnosis of “celiac disease”,

out of which 47 were excluded due to the following reasons:

unconfirmed diagnosis, patient lost to follow-up, or the diagnosis

of celiac disease was refuted. Therefore, 90 subjects met the

inclusion criteria and were reviewed and included in the

statistical analysis. Out of the 90 included subjects, 64 were

newly diagnosed and thus included in the analysis of the growth

parameters and laboratory value temporal changes. The

remaining 26 subjects were diagnosed prior to the first

presentation and were already maintained on GFD. These

subjects were included in the analysis of the baseline clinical

characteristics, pathology results and final outcomes (Figure 1).
3.1 Baseline characteristics and clinical
presentation

The mean age at first presentation to the Pediatric

Gastroenterology Clinic of the 90 subjects was 8.28 years (range

1.1–17.9 years) while the mean age at diagnosis was 6.93 years

(range 1.2–16.25 years). The average duration of follow-up was

1.37 years (range 0–9.8 years); therefore, the last follow up results

retrieved were taken at 1-year following the initial presentation.
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Table 1 represents the demographic and baseline characteristics

of the subjects. Among the 90 included subjects, 54 (60%) were

females. The majority of the subjects did not have any

underlying comorbidities; however, 17.8% had a past medical

history of autoimmune diseases such as type 1 diabetes mellitus.

In addition, 10% of the subjects had associated gastrointestinal

(GI) diseases which included eosinophilic esophagitis or

inflammatory bowel disease (IBD). Regarding the family history,

10% of the subjects had a positive family history of autoimmune

diseases including type 1 diabetes mellitus or rheumatoid

arthritis, and 17.8% of subjects had a family history of GI

diseases including colon cancer or IBD. Family history of celiac

disease was present in 11.1% of subjects (Table 1).

At the first development of symptoms, subjects often presented

with more than one symptom. The most common clinical

symptom reported was abdominal pain in 46 subjects (51.1%),

followed by weight loss or failure to thrive in 41 (45.6%)

subjects, and diarrhea in 22 (24.4%) subjects. There were 12

(13.3%) subjects who had other disorders that warranted

screening for celiac disease. These included prior diagnosis of

type 1 diabetes mellitus, abdominal distention, recurrent

infections, or hematochezia. Out of the 90 subjects, 12.2%
TABLE 1 Baseline characteristics and clinical presentation of the
study population.

Frequency, n (%)
N= 90

Gender
Female 54 (60.0)

Past medical history
Autoimmune diseasesa 16 (17.8)

Gastrointestinal diseasesb 9 (10.0)

None 65 (72.2)

Positive family history
Autoimmune diseasesc 9 (10.0)

Gastrointestinal diseasesd 16 (17.8)

Celiac disease 10 (11.1)

No 65 (72.2)

Clinical Presentation
Abdominal Pain 46 (51.1)

Diarrhea 22 (24.4)

Constipation 11 (12.2)

Weight loss Failure to thrive 41 (45.6)

Extraintestinal symptomse 14 (15.6)

Loss of Appetite 13 (14.4)

Recurrent oral ulcers 4 (4.4)

Fatigue 13 (14.4)

Other clinical presentationf 12 (13.3)

Needed hospital admission at presentation 11 (12.2)

aAutoimmune diseases such as type 1 diabetes mellitus.
bGastrointestinal diseases included eosinophilic esophagitis or inflammatory bowel
disease (IBD).
cAutoimmune diseases such as type 1 diabetes mellitus or rheumatoid arthritis.
dGastrointestinal diseases include colon cancer, Inflammatory Bowel Disease (IBD) or

celiac disease.
eExtraintestinal symptoms: joint pain or skin rash.
fOther clinical presentation: Abdominal distension, recurrent infections, hematochezia, type 1

diabetes mellitus.
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required a hospital visit and/or admission due to abdominal pain

and diarrhea prior to presentation (Table 1).
3.2 Anthropometric parameters

Anthropometric indices during follow up are detailed in

Figure 2. At the time of first presentation, stunting was identified

in 9 (14.1%) subjects, underweight in 11 (17.2%) subjects, and

wasting in 4 (6.5%) subjects, with no significant change in these

percentages, at 6 months and 12 months after the start of the

GFD (p-value > 0.05).

There was no significant change of the WAZ 6 months after the

start of the GFD, while there was a significant increase of 0.344 in

the mean WAZ at 12 months following the start of the GFD

(p-value = 0.022). Similarly, there was no significant change of

BMIZ at 6 months, but there was a significant increase of 0.253

at 12 months (p-value = 0.047). In contrast, there was no

significant change in the HAZ at either 6- and 12-months

follow-up (p-value 0.0721 and 0.085, respectively) (Figure 2).
3.3 Laboratory evaluation

At baseline, the mean hemoglobin level was 12.58 ± 1.34 g/L,

with 36.5% of subjects having a hemoglobin level less than 12 g/L.

The mean serum iron level was 63.10 ± 44.70 mcg/dl (normal:

37–160 mcg/dl), and the mean serum vitamin D level was

26.32 ± 15.53 ng/ml (adequate: > 20 ng/ml).

Among the 48 subjects tested for EMA-IgA at baseline, 44

subjects (91.7%) had positive serology. At 6 and 12 months after

starting GFD, 11 out of 16 subjects (68.8%) and 12 out of 19

subjects (63.2%), respectively, continued to test positive for EMA-IgA.

At presentation, 70.5% of the 61 subjects who were tested for

tTGA-IgA had levels greater than 100 U/ml. This percentage

decreased to 16% and 4.6%, at 6 and 12 months, respectively,

following the initiation of GFD (Table 2).

To note that the EMA is done by indirect immunofluorescence

assay (IFA) by Euroimmun as a qualitative measure, whereas the

tTGA provides quantitative values (for tTGA IgG negative is less

than 10 U/ml, and for tTGA IgA negative is less than 4 U/ml).

tTGA IgG and IgA are an enzyme-linked immunosorbent assay

(ELISA) based; automated, in vitro test performed on Alegria®

from Orgentec (ORG 240A-24, ORG 240G-24).

Moreover, eight subjects had HLA typing (specifically HLA

DQ2 and DQ8) performed showing positive results.
3.4 Pathology

Out of the 90 subjects with celiac disease, 51 subjects

underwent upper gastrointestinal endoscopy with duodenal

biopsies. The remaining 39 subjects did not undergo the

procedure due to lack of financial coverage, fear of endoscopy

and sedation, or loss to follow up. Among the 51 subjects who

had biopsies, 49 (96%) subjects showed villous atrophy on
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FIGURE 2

The mean height, weight and BMI Z-scores, at baseline and follow-up (N= 64).
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TABLE 2 Laboratory values and serology markers at baseline (T0),
6 months after starting the GFD (T6) and 12 months after starting the
GFD (T12).

Laboratory values T0, mean T6, mean T12, mean
Hemoglobin (g/L); normal:≥ 12 N = 41

12.58
N = 23
12.97

N = 19
12.81

Iron (mcg/dl); normal: 37–160 N = 30
63.10

N = 19
80.46

N = 14
66.39

Vitamin D (ng/ml); normal: > 20 N = 27
26.32

N = 20
24.13

N = 18
23.45

Serology Markers T0, n (%) T6, n (%) T12, n (%)
Endomysial IgA N = 48 N = 16 N = 19

Positive 44 (91.7) 11 (68.8) 12 (63.2)

Negative 4 (8.3) 5 (31.2) 7 (36.8)

Anti-transglutaminase IgA (U/ml) N = 61 N = 25 N = 22

<4 6 (9.8) 9 (36.0) 14 (63.6)

4–100 12 (19.7) 12 (48.0) 7 (31.8)

>100 43 (70.5) 4 (16.0) 1 (4.6)

Anti-transglutaminase IgG (U/ml) N = 31 N = 20 N = 17

<10 13 (41.9) 14 (70.0) 13 (76.5)

10–100 14 (45.2) 6 (30.0) 4 (23.5)

>100 4 (12.9) 0 (0.0) 0 (0.0)
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pathology results. Of those with villous atrophy, 49.0% had partial

villous atrophy, 30.6% had subtotal villous atrophy, and 20.4% had

total villous atrophy.
3.5 Treatment and outcomes

All subjects had consultation with a certified pediatric dietitian

who thoroughly discussed the GFD with both the subjects and

caregivers and provided individualized diet plans taking into

consideration the Mediterranean diet followed in Lebanon.

At their last follow up visit (range 0–9.8 years), half of the

subjects were in remission while 19 (21.1%) subjects had an

improvement in their symptoms and serological values. Relapse,

defined as re-development of symptoms or positive antibody

results after clinical and serological normalization, occurred in 5

(5.6%) subjects relapsed. Three subjects were not adherent to a

strict GFD which resulted in no changes in their clinical

symptoms and/or serological tests. Loss to follow up was

documented in 20% of subjects (Figure 3).
4 Discussion

In this cohort, there was a greater percentage of females (60%)

as compared to males that were diagnosed with celiac disease,

which concurs with the evidence that celiac disease is twice as

frequent in females than males (15). The mean age at diagnosis

of celiac disease was 8.28 years in our cohort which is similar to

studies from Oman and Finland in which the mean age at

diagnosis was 7 years and 7.2 years respectively (16, 17). In our

group, the mean years of follow-up was 1.37 years with a range

of 0–9.8 years. We postulate that there are several potential
Frontiers in Pediatrics 06
factors for the lack of follow up in our setting including the

COVID-19 pandemic, the economic crisis, and the armed

conflicts in Lebanon.

The most common symptoms reported by these 90 subjects

were abdominal pain (51.1%), weight loss or failure to thrive

(42.2%), and diarrhea (23.3%). Previous studies linked the

symptoms of celiac disease to growth failure due to abdominal

pain and malabsorption (2). A study done in Morocco showed

that the main consultation reason was diarrhea (46%) and

growth delay (32.4%) (18). To note that in our cohort, the

majority of the subjects were symptomatic at the time of first

presentation which is unlike other studies where children are

asymptomatic at the time of diagnosis (19). This may be due to

limited resources and specialists in the field leading to

overlooked diagnoses until a later stage.

Screening for celiac disease usually starts with serological

testing with EMA IgA and IgG, tTGA IgA and IgG, antigliadin

antibodies IgA and IgG, and a new generation of antigliadin

antibodies to deamidated synthetic gliadin peptides (20). These

tests have a very high sensitivity and specificity for the disease

(21–23). In our center, the most common tests used are the

EMA-IgA and tTGA IgA and IgG. Previously, the gold standard

for the diagnosis of celiac disease was known to be small

intestinal biopsy (21, 22, 24, 25). However, in line with the new

ESPGHAN guidelines for the diagnosis of pediatric celiac disease,

a no-biopsy approach can be followed given that the tTGA IgA

levels are ≥10 times the upper limit, and there is a shared

decision with the caregivers and/or patients (11). Of the 90

subjects in the cohort, only 51 had an endoscopy done, and 49

of those showed villous atrophy on pathology. From the 39

subjects who did not undergo upper endoscopy and duodenal

biopsies, 8 subjects had HLA typing. For the rest of the subjects,

the diagnosis was established based on the clinical manifestations

and the serologic tests. Gidrewicz et al. studied the duration to

normalization of serologies and found that approximately 75% of

patients with celiac disease strictly adherent to GFD still had

abnormal serologies one year later (23). This is similar to our

cohort with 63.2% of patients still testing positive for EMA-IgA.

At the time of diagnosis, 14.1% of subjects were stunted, 17.2%

were underweight, and 6.5% were wasted. To note that the

percentage of children in Lebanon under the age of 5 who were

stunted in 2020 was 10.4%, and in the region was 26.2% (26).

A study done by Aggarwal et al. showed that patients with celiac

disease in India do not necessarily have short stature (27).

However, a study done in Pakistan showed that 38% were

severely undernourished and 8% were severely stunted with 79%

having short stature (28). In a study done in Saudi Arabia, 85%

of the patients with celiac disease were stunted with the mean

HAZ and the mean WAZ at diagnosis being −3, −2.8
respectively (29). Our cohort had less underweight and wasted

patients which may be due to the Mediterranean diet followed

in Lebanon.

The prevalence of iron deficiency anemia (IDA) ranges from

2.3 to 33% in children with celiac disease (10). In our cohort,

26.7% of subjects who had iron studies at baseline were iron
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FIGURE 3

Outcomes at last follow-up (N= 90).
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deficient. Furthermore, the mean serum vitamin D level in the

cohort was in the lower range of desirable. This is in contrast to

the literature showing that patients with untreated celiac disease

tend to have lower serum vitamin D levels as compared to

healthy controls without celiac disease (30). Our cohort’s value

could be attributed to the low number of subjects who had

serum vitamin D levels tested (n = 27).

There was a significant increase in the mean WAZ and mean

BMIZ (p-value = 0.022 and 0.047), and no significant change in

the mean HAZ at 12 months after initiation of GFD.

A controlled study done in Qatar comparing the effect of the

GFD on linear growth in patients with celiac disease showed no

significant change in the mean HAZ at the 12-month follow-up.

However, the children in the controlled study’s cohort were still

increasing in height, but at a slower pace (31). It was shown that

at 6–12 months after starting the GFD, children with celiac

disease tend to achieve a near-normal growth curve for weight,

and at 2–3 years after starting the GFD, they tend to achieve a

normal growth curve for height (32, 33). This may explain the
Frontiers in Pediatrics 07
results in our cohort that showed a significant improvement in

WAZ, but not in HAZ indicating that height catch-up might

need longer than one year after GFD to occur. Furthermore, a

systematic review and meta-analysis done by Xin et al. showed

that the GFD has a significant and beneficial effect on weight of

patients with celiac disease (34). Another retrospective study

comparing patients with celiac disease in Italy and the United

States of America (USA) showed that the catch-up growth in

children in Italy was slower as compared to those in the USA

(35). This was linked to the differences in the lifestyle and

culture, which could be applied to the Lebanese population as

well since there are limited gluten-free resources and the

Mediterranean diet includes several foods containing gluten (35).

To date, there are no studies that evaluated the effect of the

gluten-free Mediterranean diet on growth in children, which

could be an area of exploration in future studies.

At the time of the last follow-up visit, 50% of the subjects were

in remission, whereas 21.1% were improving clinically and

serologically but were still not in remission. The reason for poor
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compliance is not completely clear, but lack of awareness about

celiac disease manifestations, lack of GFD knowledge or even

lack of benefit from the diet have been described as contributing

factors (36). Lebanon has limited gluten-free options available

and accessible. The Mediterranean diet is rich in grain and wheat

which contain gluten making it challenging to follow a strict

GFD. In addition, the mean age at diagnosis is between 7 and 8

years of age, which may be a difficult age to convince the child

to follow a strict diet. In the pediatric population, compliance to

the GFD is 52–95 percent with very minimal adherence to

permanent GFD as shown in a study done in North India (9).
4.1 Limitations

Although our study is the first to describe the clinical

presentations and outcomes of celiac disease in children and

adolescents in Lebanon; it is important to note certain

limitations. The retrospective design limited our capacity to

gather accurate and complete data and did not allow us to have

appropriate long-term follow up to evaluate compliance with the

GFD. In addition, the study included a small sample size from

one tertiary care center in Lebanon which may affect its

generalizability and lead to referral bias.
5 Conclusion

The most common symptoms that children with celiac disease

in this cohort presented with are diarrhea, abdominal pain and

failure to thrive. In a resource-constrained country like Lebanon,

the diagnosis and management remain challenging in view of the

high cost of procedures and the scarcity of affordable gluten-free

products. Therefore, opting for more cost-friendly diagnostic

parameters such as celiac serologies in specific cases instead of

endoscopy may be a feasible alternative as shown in this study

and supported by the ESPHGAN guidelines. Celiac disease in

children affects negatively growth and development which are

expected to improve after initiation of GFD. In this cohort, there

was a significant increase in the WAZ and BMIZ and no

significant change of HAZ at 12 months after initiation of the

GFD. The recognition of early manifestations, early diagnosis

and strict adherence to the diet are of paramount importance to

prevent long term complications.

Since the Lebanese population follows the Mediterranean diet,

we believe that our paper will add to the current literature available

and hopefully open discussions for further research on the topic of

linking different types of diets to the outcome of patients with

celiac disease.
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