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ABSTRACT

Background: Celiac disease (CD) is an immune-mediated enteropathy in individuals genetically susceptible to
gluten and its related proteins. It is an important but often under-recognized cause of short stature in children,
frequently presenting without gastrointestinal symptoms. This study aimed to determine the seroprevalence of
CD among children with short stature in Sana’a City, Yemen.

Methods: A retrospective cross-sectional study was conducted at the main Pediatric Endocrinology Center in
Sana’a, from August to November 2024. Medical records of 385 children with short stature aged <20 years
were reviewed. Data on demographic, clinical, and laboratory characteristics were extracted, and anti-tissue
transglutaminase immunoglobulin A (anti-tTG IgA) was used to determine the prevalence of CD. Data were
described using frequency and percentage.

Results: The mean age of children was 9.8 + 4.4 years, with males comprising 58.7%. More than half of the
children (51.4%) were older than 10 years. Gastrointestinal manifestations were uncommon, with only three
children (0.8%) presenting with diarrhea. Seropositivity for anti-tTG IgA was found in 6% of the tested children,
while growth hormone deficiency and low IGF-1 levels were detected in 27% and 41% of the cases, respectively.
More than half of the children (51.6%) had a vitamin D deficiency. Concurrent chronic diseases were identified in
17.9% of children, most commonly type 1 diabetes mellitus (6.2%), while Turner syndrome was the most frequent
associated genetic disorder (1.8%).

Conclusion: CD is relatively common among children with short stature in Yemen, even in the absence of
gastrointestinal symptoms. Growth failure in children with short stature is likely to result from a combination
of endocrine, nutritional, and immunological factors. Routine screening for CD should be incorporated into the
diagnostic evaluation of all children with an unexplained short stature.
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1. INTRODUCTION systematic review revealed a pooled global seropreva-

lence of 1.4%, with a biopsy-confirmed prevalence of
0.7% [4]. The incidence is higher in women (17.4 per
100,000 person-years) than in men (7.8 per 100,000
person-years) [4]. Early studies have demonstrated
a strong genetic association between CD and human
leukocyte antigen (HLA) alleles [5-7]. It involves both
innate and adaptive immune responses that damage

Celiac disease (CD), also called gluten-sensitive en-
teropathy or nontropical sprue, is an immune-mediated
disorder elicited by the consumption of wheat gluten and
gluten-related proteins in other types of cereals, such
as barley and rye, in genetically susceptible individuals
and is characterized by chronic enteritis [1-3]. A recent
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the small intestinal mucosa, produce disease-specific
anti-transglutaminase 2 (anti-TG2) autoantibodies, and
manifest with both intestinal and extraintestinal complica-
tions [8]. The autoimmune response in CD also involves
antibodies against other transglutaminase family mem-
bers, such as TG3 and TG6 [9].

In addition to genetics, environmental risk factors may
contribute to the risk and timing of CD development [10].
These factors include delivery methods, gluten exposure,
infant feeding practices, childhood infections, and gut
microbiota composition [10-12]. However, the timing
of gluten introduction and breastfeeding duration were
not been found to be significantly associated with CD
risk [11]. Understanding these environmental factors
is essential for elucidating CD pathogenesis and guid-
ing potential prevention strategies, particularly for at-risk
populations [10—-12].

A large Norwegian birth cohort study found that intro-
ducing gluten after six months and breastfeeding beyond
12 months were both associated with an increased risk of
developing CD in children [13]. However, it can present
at any age, with diagnostic peaks during early child-
hood and adulthood [14]. The disease shows a female
predominance in diagnosis despite similar autoantibody
prevalence between sexes, with age- and sex-related
differences in presentation indicating that males, particu-
larly in early adulthood, are underdiagnosed and warrant
greater diagnostic attention [15]. The clinical manifes-
tations differ by age, with young children typically pre-
senting with diarrhea and growth failure, whereas older
children and adults may exhibit a broader spectrum of
gastrointestinal and extraintestinal symptoms [16]. CD
is associated with various complications, including nu-
tritional deficiencies, poor growth, anemia, osteoporo-
sis, infertility, cardiovascular and neurological disorders,
renal and hepatic involvement, psychiatric diseases, in-
creased risk of autoimmune diseases and malignancies,
and digestive complications such as microscopic colitis
and refractory sprue [17, 18]. Rare but serious compli-
cations include refractory CD, enteropathy-associated
T-cell lymphoma, and small bowel adenocarcinoma [19,
20].

The diagnosis of CD relies on serologic testing, pri-
marily by the detection of IgA anti-TG2, followed by duo-
denal biopsy to confirm characteristic mucosal changes,
such as intraepithelial lymphocytosis and villous atro-
phy, with symptomatic and histologic improvement after
gluten withdrawal [21, 22]. Serological tests for pediatric
celiac disease demonstrate high diagnostic accuracy;
however, improved standardization and further research
are needed to enhance follow-up strategies and broaden
the application of no-biopsy diagnostic criteria [23]]. A
lifelong gluten-free diet (GFD) remains the primary treat-
ment for CD because it can alleviate symptoms and
trigger mucosal recovery [24]. However, adherence to
a GFD is often difficult because of the risk of accidental

gluten exposure, potential nutrient deficiencies, and the
higher cost and lower nutritional quality of gluten-free
products compared with their gluten-containing counter-
parts [24, 25]. Long-term GFD adherence may lead to
nutritional deficiencies, particularly in fiber, B vitamins,
iron, and trace minerals [26, 27].

Short stature in children is a common concern that
can indicate various underlying health issues, including
nutritional deficiencies, endocrine abnormalities, genetic
disorders, and chronic illnesses [28]. It is the most com-
mon reason for referral to pediatric endocrinologists [29].
Common causes include growth hormone deficiency,
malnutrition, familial short stature, hypothyroidism, and
Turner syndrome [30]. The prevalence of short stature
among children ranges from 4.3% in certain outpatient
settings [31] to as high as 33.7% in specific regions,
such as Taif City in Saudi Arabia [32]. CD is an impor-
tant cause of short stature in children, often present-
ing without gastrointestinal symptoms and with varying
prevalence rates across different regions [33].

In Yemen, a relatively high prevalence of 9.2% for
CD was reported among patients with gastrointestinal
symptoms in Sana’a City [34]. However, a lower preva-
lence of 0.22% was later reported among outpatients
with gastrointestinal complaints in Sana’a [35]. A recent
five-year retrospective study in Sana’a revealed a higher-
than-global prevalence of 3.4% for CD among Yemeni
children [36]. However, no study has investigated the
prevalence of CD among Yemeni children with short
stature. Therefore, this study aimed to determine the
prevalence of CD among this group in Sana’a, Yemen.

2. METHODS

2.1. STUuDY DESIGN, POPULATION AND SET-
TING

A retrospective, cross-sectional study was conducted
using medical records of children with short stature at-
tending the Pediatric Endocrinology Center in Sana’a
City, from August to November 2024. Short stature was
operationally defined as height-for-age below the 3
percentile [37], which corresponds to a height-for-age
Z-score (HAZ) < —2 standard deviations (SD). Due to
the retrospective record-based nature of the study, an-
thropometric measurements were not performed by the
research team. A total of eligible 385 records of chil-
dren with short stature aged < 20 years were included.
Records with incomplete data were excluded from the
study.

2.2. DATA COLLECTION

Data were extracted from patients’ medical records us-
ing a data extraction sheet developed by the researchers
based on the data available after reviewing relevant litera-
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Table 1. Characteristics of children with short stature included in the study (N = 385).

Characteristics n(%)
Age (years)
Mean + SD (range): 9.8 + 4.4 (0.8—19.8)
<9 157(36.3)
>9 228(63.7)
Gender
Male 226(58.7)
Female 159(41.3)

ture that captured demographic characteristics (age and
gender), and concurrent chronic diseases and genetic
syndromes. In addition, relevant laboratory investigations
for CD and short stature were reviewed, particularly anti-
tTG IgA antibodies, insulin-like growth factor 1 (IGF-1)
levels, and growth hormone (GH) stimulation test results.

2.3. DATA ANALYSIS

Data were analyzed using IBM SPSS Statistics, version
21 (IBM Corp., Armonk, NY, USA). Categorical data were
described using frequencies and percentages. Growth
assessment at the center was carried out using rou-
tinely conducted internationally accepted World Health
Organization (WHO) standards, including the WHO Child
Growth Standards (2006) for children aged <5 years [38]
and the WHO Growth Reference (2007) for those aged
> 5 years [39]. HAZ were generated using the WHO An-
thro software for children < years and WHO AnthroPlus
software for those aged > 5 years. Categorization was
based on standard WHO cut-off points, where normal
stature was considered at HAZ values > —2 SD and
stunting at HAZ values < —2 SD.

2.4. ETHICAL CONSIDERATIONS

Ethical approval for the study was obtained from the Re-
search Ethics Committee of the Faculty of Medicine and
Health Sciences, University of Science and Technology,
Sana’a, Yemen. In addition, permission to access the
children’s records was obtained from the center’s admin-
istration. Given the retrospective design of this study, the
requirement for informed consent was waived.

3. RESULTS

3.1. DEMOGRAPHIC CHARACTERISTICS OF
THE STUDY POPULATION

Table 1 shows that the mean age of children with short
stature was 9.8 + 4.4 years (range: 0.8-19.8 years),
with the majority being older than nine years (63.7%)
and males (58.7%).

3.2. CLINICAL PRESENTATION OF CHILDREN
AT ADMISSION

Table 2 shows that more than half of children with short
stature (51.4%) were presented after the age of 10 years.
Gastrointestinal manifestations were uncommon, with
constipation reported in seven children (1.8%), diarrhea
in three (0.8%), abdominal pain in two (0.5%), and ab-
dominal distension in one (0.3%).

3.3. SEROPREVALENCE OF CD AND LABO-
RATORY FINDINGS

Table 3 shows that CD was detected among 6% (13/228)
of children with short stature based on the positivity of
anti-tTG IgA.

3.4. LABORATORY FINDINGS OF CD

Hemoglobin levels were <10 mg/dl in only 6% of cases.
Thyroid-stimulating hormone (TSH) levels were elevated
in 16.6% of patients, while free thyroxine (FT4) levels
were low in 8.5% of patients. More than half of the chil-
dren (51.6%) had vitamin D deficiency, 27% had GH
deficiency (GHD), 41% had low IGF-1 levels, and 30%
had an elevated erythrocyte sedimentation rate (ESR).
However, only 1.6% of the children had abnormal serum
creatinine levels, 11.8% had elevated alanine amino-
transferase (ALT) levels, and 7% had elevated random
blood sugar (RBS) levels.

3.5. CONCURRENT CHRONIC DISEASES AND
SYNDROMES AMONG CHILDREN WITH
SHORT STATURE

Table 5 shows that 17.9% of the children with short
stature had at least one chronic disease. Neurologi-
cal conditions were uncommon, including cerebral palsy
in three cases (0.8%), epilepsy in two cases (0.5%),
and brain tumors in one case (0.3%). On the other
hand, only one child (0.3%) had congenital heart disease
(CHD). Among musculoskeletal diseases, osteogenesis
imperfecta was observed in five cases (1.3%), whereas
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Table 2. Clinical presentation of children with short stature at admission (N = 385).

Variable n (%)
Age at presentation (years)

<10 187 (48.6)

>10 198 (51.4)
Diarrhea

Yes 3(0.8)

No 382 (99.2)
Constipation

Yes 7 (1.8)

No 378 (98.2)
Vomiting

Yes 0 (0.0)

No 385 (100.0)
Abdominal pain

Yes 2(0.5)

No 383 (99.5)
Abdominal distention

Yes 1(0.3)

No 384 (99.7)

Table 3. Seroprevalence of CD children with short stature attending the Pediatric Endocrinology Center in Sana’a City (2024).

Laboratory finding n (%)
Anti-tTG IgA (N = 228)

Normal 215 (94.0)
High 13 (6.0)

juvenile idiopathic arthritis (JIA), Duchenne muscular
dystrophy, and rheumatoid arthritis (RA) were each ob-
served in one child (0.3% each). Concurrent endocrine
and metabolic disorders included type 1 diabetes mel-
litus (T1DM) in 6.2% of children, followed by congeni-
tal adrenal hyperplasia (CAH) in six cases (1.6%) and
obesity in eight cases (2.1%). Other conditions, includ-
ing central diabetes insipidus, Addison’s disease, hy-
poparathyroidism, and congenital hypothyroidism, were
rare (0.3% each). Regarding renal diseases, chronic kid-
ney disease (CKD) was observed in two cases (0.5%),
with single cases of nephrotic syndrome and renal tubu-
lar acidosis (RTA) of the Fanconi type (0.3% each).
Other chronic conditions included thalassemia, sickle
cell anemia (SCA), and glucose-6-phosphate dehydro-
genase (G6PD) deficiency, each observed in two cases
(0.5%). Overall, concurrent syndromes were present
in 19 children (4.9%), with Turner syndrome being the
most frequent (1.8%), followed by 3M syndrome (0.8%),
achondroplasia, and Neger syndrome (0.5% each). Sin-
gle cases of Down syndrome, Russell-Silver syndrome,
Klinefelter syndrome, Hurler syndrome, and Klippel syn-
drome were also documented.

4. DISCUSSION

To the best of our knowledge, this study is the first to in-
vestigate CD among children with short stature in Yemen.
The seroprevalence of CD in the present study was 6%

based on positive anti-tTG IgA results, which is almost
double the 3.4% reported in a five-year retrospective
study among children admitted to Al-Sabeen Maternity
Hospital in Sana’a [36]. However, the latter study ex-
amined all pediatric admissions rather than focusing on
children with short stature. The higher prevalence among
children with short stature highlights that CD is a risk fac-
tor for impaired growth. The prevalence of CD among
children in the present study closely mirrors the 6.7%
prevalence observed among short-statured children at-
tending endocrinology clinics in Karachi, Pakistan [40].
A higher prevalence of 8.1% was reported for CD among
Iranian children with idiopathic short stature [41] and
9.9% for asymptomatic CD was reported in a prospective
study among children with proportionate short stature
in Lahore, Pakistan [42]. These findings reinforce that
children with short stature represent a high-risk group
for CD and should undergo routine serological screening
regardless of symptoms. In comparison with the present
study, a higher prevalence of CD was reported among
children with short stature in India (11.8%) [43], Saudi
Arabia (13.8%) [44], and Erbil, Iraq (13.9%) [45], and
an even greater CD prevalence of 33.3% was reported
among children with short stature in Peshawar, Pakistan.
[46]. The variation in CD prevalence among children
with short stature across studies in different countries
can be explained by differences in study design, diagnos-
tic methods, sample size, and criteria for defining short
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Table 4. Laboratory findings among children with short stature attending the Pediatric Endocrinology Center in Sana’a City (2024).

Laboratory finding n (%)
Hemoglobin (N = 272)

<10 mg/dl 17 (6.0)
>10 mg/dl 255 (94.0)
Thyroid-stimulating hormone (N = 278)

Normal 221 (79.4)
Low 3(1.0)
High 55 (19.6)
Free thyroxine (N = 283)

Normal 256 (90.4)
Low 24 (8.5)
High 3(1.1)
Vitamin D (N = 31)

Normal 15 (48.4)
Low 16 (51.6)
Serum creatinine (N = 257)

Normal 253 (98.4)
Abnormal 4 (1.6)
Alanine aminotransferase (N = 220)

Normal 194 (88.2)
High 26 (11.8)
Random blood sugar (N = 44)

Normal 41 (93.0)
High 3(7.0)
GH  stimulation

test (N = 96)

Normal 70 (73.0)
Low 26 (27.0)
IGF-1 (N = 214)

Normal 126 (59.0)
Low 88 (41.0)
Erythrocyte sedimentation rate (N = 148)

Normal 103 (70.0)
High 45 (30.0)

IgA, immunoglobulin A; anti-tTG, anti-tissue transglutaminase; GH, growth hormone; IGF-1,

insulin-like growth factor 1.
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Table 5. Concurrent chronic diseases and syndromes among children with short stature attending the Pediatric Endocrinology
Center in Sana’a City, Yemen in 2024 (N = 385).

Associated disease/syndrome n (%)
Presence of chronic diseases 69 (17.9)
CNS diseases

Cerebral palsy 3(0.8)
Epilepsy 2 (0.5)
Brain tumor 1(0.3)

Cardiovascular diseases
Congenital heart disease 1(0.3)

Musculoskeletal diseases

Osteogenesis imperfecta 5(1.3)
Rheumatoid arthritis 1(0.3)
Duchene muscular dystrophy 1(0.3)
Juvenile idiopathic arthritis 1(0.3)
Endocrine and metabolic disorders
Type 1 diabetes mellitus 24 (6.2)
Obesity 8 (2.1)
Congenital adrenal hyperplasia 6 (1.6)
Central diabetes insipidus 1(0.3)
Familial hypercholesterolemia 1(0.3)
Addison’s disease 1(0.3)
Hyperparathyroidism 1(0.3)
Congenital hypothyroidism 1(0.3)
Renal diseases
Chronic kidney disease 2(0.5
Renal tubular acidosis (Fanconi syn- 1(0.3
drome)
Nephrotic syndrome 1(0.3)
Other concurrent chronic diseases
Thalassemia 2 (0.5)
Sickle cell anemia
Glucose-6-phosphate dehydrogenase 1(0.3)
deficiency
Neurofibromatosis type 1 1(0.3)
Immune thrombocytopenic purpura 1(0.3)
Acute lymphoblastic leukemia 1(0.3)
Presence of concurrent syndromes 19 (4.9)
Turner Syndrome 7(1.8)
3 M syndrome* 3(0.8)
Achondroplasia 2 (0.5)
Neger syndrome 2 (0.5)
Down Syndrome 1(0.3)
Russell-Silver Syndrome 1(0.3)
Klinefelter syndrome 1(0.3)
Hurler syndrome 1(0.3)
Klippel syndrome 1(0.3)
* Miller, McKusick and Malveaux syndrome.
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stature, as well as population characteristics, genetics,
and environmental influences.

The majority of children with short stature in the
present study did not present with classical gastrointesti-
nal symptoms. This finding is in agreement with several
reports indicating that growth failure may be the only or
the predominant manifestation of CD in children. For in-
stance, none of the Pakistani children with short stature
presented with any gastrointestinal symptoms in Karachi
[40]. Similarly, most short-statured children who tested
positive for anti-tTG antibodies had no gastrointestinal
symptoms in India and Saudi Arabia [43, 44]. These find-
ings suggest that short stature may be an extraintestinal
manifestation of CD. Nutrient malabsorption due to CD
may manifest as short stature, often without overt gas-
trointestinal symptoms [33]. These studies indicate that
short stature, even without digestive symptoms, should
prompt screening for CD in children. In addition, the
present study is consistent with international evidence,
emphasizing the need to include CD testing in the rou-
tine screening of all children with an unexplained short
stature. In contrast, 75.2% of children with idiopathic
short stature in Indiana, United States, had one or more
gastrointestinal tract diseases [47].

Apart from gastrointestinal symptoms, a substan-
tial proportion of children with short stature in the
present study presented with several endocrinological
and metabolic abnormalities, particularly low IGF-1 lev-
els and GHD. In this context, 41% of the children had low
IGF-1 levels and 27% had GHD, suggesting that impaired
growth in this population may result from complex hor-
monal dysregulation in addition to unrecognized CD. In
contrast, a lower IGF-1 deficiency of 20% was reported
in a European study of prepubertal children with iso-
lated short stature [48], and a lower GHD of 13.9% was
reported among children with short stature in a hospital-
based survey in Rawalpindi, Pakistan [49]. These dis-
crepancies may be explained by differences in study
design, population genetics, environmental exposures,
nutritional status, and the co-existence of chronic condi-
tions such as malnutrition, which are more common in
conflict-affected settings such as Yemen. Genetic factors,
such as IGF1 haploinsufficiency, have been identified
as causes of short stature, often presenting with micro-
cephaly and SGA birth history [50]. Furthermore, thera-
peutic advances, such as the use of recombinant human
IGF-1, have shown promise in managing children with
primary IGF-1 deficiency who do not respond adequately
to growth hormone therapy [51]. These findings suggest
that growth impairment in children with short stature is
multifactorial and that comprehensive endocrine evalua-
tion should be an integral part of their diagnostic workup,
along with routine celiac disease screening.

The role of vitamin D deficiency in exacerbating
growth failure was evident in our study, where it affected
more than half of the children. Similarly, in a study of

idiopathic short stature, vitamin D deficiency and insuffi-
ciency were observed in the majority of children and were
accompanied by alterations in GH and IGF-1 dynamics
[52]. Notably, vitamin D deficiency is associated with
impaired height growth in young children, even in those
without short stature [53]. These findings emphasize the
importance of assessing vitamin D status in children with
growth issues and suggest that vitamin D supplementa-
tion may be beneficial for improving growth outcomes in
affected children.

In our study, concurrent chronic diseases and genetic
syndromes were found in 17.9% and 4.9% of children
with short stature, respectively, with T1IDM (6.2%) and
Turner syndrome (1.8%) being the most common. CD is
known to cluster with other autoimmune diseases and
chromosomal abnormalities, highlighting the complex
interplay between genetic and immunological factors.
Research indicates that over 60% of CD-associated sus-
ceptibility loci overlap with those of other autoimmune
conditions, suggesting shared pathogenic mechanisms
[54]. Greco et al. (2011) found that autoimmune con-
ditions, like T1DM and thyroid disease, are significantly
more prevalent among CD patients in the Mediterranean
region, especially in pediatric populations [55]. The as-
sociation with Turner syndrome is well established, as
this chromosomal disorder frequently presents with short
stature and has a higher risk of CD [55]. However, other
syndromes, such as Down syndrome (0.3%), and rare
genetic conditions were less commonly identified in our
study, although they can further exacerbate growth prob-
lems.

This study provides insights into the seroprevalence
of CD among children with short stature in Sana’a City,
thereby addressing a critical gap in knowledge within a
resource-limited and conflict-affected setting. The rela-
tively large sample size and inclusion of detailed clinical,
laboratory, and comorbidity data strengthen the findings
of this study. However, this study has several limitations.
The retrospective nature of the study and reliance on
medical records may have introduced information bias
and missing data into the study. Not all children under-
went complete laboratory evaluation, including anti-tTG
IgA testing and vitamin D assessment, which may have
led to an underestimation or overestimation of the true
prevalence. In addition, the specific commercial kits and
cutoff values for serological assays were not consistently
documented in the medical records. Although all results
were interpreted according to laboratory-established ref-
erence ranges and internal quality control procedures,
potential inter-assay variability cannot be excluded. Fur-
thermore, the diagnosis of celiac disease was based
solely on serological testing without histopathological
confirmation. However, reliance on serology aligns with
established practices in resource-limited settings, partic-
ularly where biopsy is not readily available. Finally, the
study was conducted in a single tertiary referral center,
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making it difficult to generalize its findings to all children
with short stature in the country. Future studies should
adopt a prospective multicenter design with larger and
more diverse populations to improve generalizability and
reduce bias. In addition, whenever possible, serological
findings should be complemented with duodenal biopsy
to strengthen the diagnostic accuracy.

5. CONCLUSION

CD is relatively common among children with short
stature, as indicated by anti-tTG IgA positivity, despite
the almost absence of gastrointestinal manifestations.
GHD, IGF-1 deficiency, and vitamin D deficiency are
also frequent, along with chronic diseases and genetic
syndromes, suggesting that growth failure arises from a
combination of endocrine, nutritional, and immunological
factors. These findings highlight that short stature in
children is a heterogeneous condition with diverse un-
derlying etiologies, and routine investigation for CD in
conjunction with other systemic disorders is essential for
timely diagnosis and appropriate management.
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