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ABSTRACT

Aim of the study: An association between celiac disease (CD) and Turner syndrome (TS) has gained wide-
spread recognition with wide-ranging prevalence rates. Insufficient data are available concerning this associa-
tion among Egyptian TS girls. Therefore, we aimed to examine the prevalence of CD; to define the predisposing
HLA-genotypes, clinical characteristics and associated comorbidities in a cohort of Egyptian TS girls; and to
assess the impact of karyotypes and oestrogen exposure on the overall prevalence of autoimmunity.
Material and methods: Fifty-five TS girls were initially screened by total IgA and anti-tissue transglutami-
nase (anti-tTG) IgA. Anti-tTG-IgG assay is a second step in IgA-deficient girls. CD-seropositive TS girls were
subjected to HLA-typing and endoscopic duodenal biopsies, and were evaluated for associated comorbidities.
Results: Seroprevalence (anti-tTG-IgA > 10 U/ml) and biopsy-confirmed prevalence of CD were 5.5% (3/55)
and 3.6% (2 girls only underwent endoscopic biopsies and displayed Marsh-IIIb), respectively. Absolute and
partial IgA-deficiency were observed in 1 and 5 girls, respectively; they were all negative for anti-tTG-IgG.
HLA-typing of CD-seropositive girls showed that case 1: DQA1+/DRB1-; case 2: DQA1+/DRB1+; and case 3:
DQB1+/DRB1-. Iron-deficiency anaemia, vitamin-D deficiency, and low bone mineral density were detected
among celiac girls. No significant associations were observed between different karyotypes or oestrogen ex-
posure and autoimmunity prevalence.

Conclusions: Seroprevalence and biopsy-confirmed prevalence of CD in Egyptian TS girls were 5.5% and
3.6%, respectively, which supports the association between these disorders and reinforces the importance
of screening for CD in TS patients as a high-risk population. All CD-seropositive girls displayed the predis-
posing CD HLA-DQ2 and/or DR4 alleles. Careful surveillance for comorbidities is essential to improve overall
health outcomes.
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INTRODUCTION

Turner syndrome (TS) results from numeric or struc-
tural abnormalities of the second X-chromosome, affect-
ing 25-50/100,000 females [1]. Individuals with TS are at
high risk for developing autoimmune disorders (AD) with
preponderance towards autoimmune thyroiditis (AIT)

ADDRESS FOR CORRESPONDENCE:

and type 1 diabetes mellitus (T1DM), and less frequent-
ly inflammatory bowel and rheumatic diseases [2-6].
The prevalence of AD evolves with age [5, 6], and more
than one AD can coexist [3, 4].

Celiac disease (CD) is an immune-mediated enteropa-
thy triggered by gluten ingestion in genetically susceptible
individuals. CD has strongly associated with human leu-
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cocyte antigen (HLA) class-II; almost all celiac patients
(~95%) carry genes coding for DQ2 «/f heterodimer,
and the remaining DQ2-negative celiac patients display
DR4-DQ8 haplotype, which facilitates CD4* T-cell rec-
ognition of gluten-derived peptides [7,8]. CD has wide
clinical presentations, classic gastrointestinal or non-gas-
trointestinal symptoms, or is asymptomatic in high-risk
individuals. Duodenal biopsy is the gold standard for CD
diagnosis; however, serological tests including anti-tissue
transglutaminase (anti-tTG) IgA assay are recommended
in the initial screening for CD [7, 8].

More than 3 decades have elapsed since the first de-
scription of CD in a TS patient [9]; thereafter, the as-
sociation between CD and TS has gained widespread
recognition with wide-ranging prevalence rates [10-15].
The underlying mechanisms for increased risk of au-
toimmunity in TS remain unclear. Haploinsufficiency
of immunoregulatory genes located on X-chromosome,
e.g. X-linked forkhead box-P3 (FOXP3) gene [16], and
oestrogen therapy [17] were hypothesized as contributing
factors. However, the role of FOXP3 in CD pathogenesis
is not documented [18].

Insuflicient data are available concerning the associa-
tion between CD and TS in Egypt. We aimed to examine
the prevalence of CD with surveillance for CD predis-
posing HLA-genotyping and CD-related comorbidities
and autoimmunity in a cohort of Egyptian girls with TS,
and to assess the impact of karyotypes and oestrogen
exposure on the overall prevalence of autoimmunity in
TS girls.

MATERIAL AND METHODS

This was a cross-sectional study conducted between
March 2019 and March 2020. Fifty-five TS girls diagnosed
by karyotyping of peripheral lymphocytes were recruited
sequentially during their routine visits at the Paediatric
Endocrinology Clinic at Mansoura University Children’s
Hospital.

The study was approved by the Ethics Committee
of Mansoura University, Faculty of Medicine - Institu-
tional Research Board (IRB) (Code No. R.20.04.800).
Informed consent was obtained from parents of all par-
ticipants included in the study

A detailed questionnaire was compiled with particular
attention paid to CD-related symptoms such as chronic
diarrhoea/diarrheic bouts, vomiting, abdominal pain/
distension, constant tiredness, and weight loss. Histo-
ry of previously diagnosed AD was obtained. History
of growth hormone therapy (GHT) and exposure to oes-
trogen, either spontaneous breast development or oestro-
gen replacement therapy (ERT), were addressed. Height
and weight Z-scores were calculated according to Egyp-
tian TS growth charts [19].

At time of screening for CD, all girls were on a glu-
ten-containing diet, and none had been previously diag-

nosed with CD. Five-millilitre venous samples were col-
lected from all participants, centrifuged, and sera were
stored at —20°C until time of analysis.

Initial screening was conducted by combined total
IgA and anti-tTG-IgA assays. In the case of IgA deficien-
cy, an anti-tTG-IgG assay was performed.

Total serum IgA was measured using a Human IgA en-
zyme linked immunosorbent assay (ELISA) kit (Bioassay
Technology Laboratory, Cat. No. E0189Hu, Shanghi, China).
Absolute IgA deficiency is defined as serum IgA < 5 mg/dl,
while partial IgA deficiency refers to serum IgA > 5 mg/dl
but more than 2 standard deviations (SD) below age-ad-
justed means [20]. Age-adjusted values for serum IgA were
specified in the 18" edition of Nelson Textbook of Paediat-
rics as follows; 2-5 years: 14-159 mg/dl; 6-10 years: 33-236
mg/dl; and 11-18 years: 70-312 mg/dl [21].

Serum anti-tTG-IgA was measured using ELISA kit
(Orgentec Diagnostika GmbH, Mainz, Germany) with
a lower detection limit of 1.0 U/ml and a cut-oft point for
a positive result of 10 U/ml. Seropositive patients with
anti-tTG-IgA > 3 times the upper normal limit (10 U/ml)
were offered endoscopic duodenal biopsies to confirm
CD diagnosis according to the European Society of Pae-
diatric Gastroenterology, Hepatology, and Nutrition cri-
teria [8]. Mucosal sections were evaluated according to
Marsh-Oberhuber grading, where Marsh-I; > 25 intraep-
ithelial-lymphocytes/100 enterocytes, Marsh-II; increased
intraepithelial-lymphocytes with crypt hyperplasia, and
partial, subtotal or total villi atrophy classified as Marsh
IITa, ITIb, and IIlc, respectively [22].

Genomic DNA were extracted from peripheral blood
lymphocytes of girls showing positivity on serological
testing and purified according to the manufacturer’s in-
structions using a commercial kit (GFX Genomic Blood
Purification KIT, Amersham Biosciences, USA) and then
subjected to polymerase chain reaction technique (PCR)
with specific primers for the presence of CD predispos-
ing HLA alleles coded by DQA1%*0501, DQB1*0201, and
DRBI1*04 by applying the method described by Sacchetti
et al. [23].

Seropositive TS girls were further evaluated for
CD-comorbidities including the following: haemoglobin,
transferrin saturation, alanine/aspartate aminotransfer-
ases, serum calcium, phosphorus, alkaline phosphatase,
parathormone, and 25-hydroxy vitamin D levels. Bone
mineral density (BMD) for total body and lumbar spine
(L1-L4) were evaluated by dual-energy X-ray absorptiom-
etry (DXA) scan, and the BMD Z-score was interpreted
as either at risk for low BMD “BMD Z-score: -1.0 and
-1.9” or low BMD with increased fracture risk “BMD
Z-score < -2.0” [24].

STATISTICAL ANALYSIS

Data were analysed using SPSS software version
16.0 (SPSS Inc., Chicago, USA). Qualitative data were
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presented as frequencies [number (%)]. Quantitative
data were presented as median (minimum-maximum)
for non-parametric data and as mean +SD for paramet-
ric data after testing normality using the Kolmogor-
ov-Smirnov test. Age groups were compared using Stu-
dent’s t-test. Distributions among groups were tested by
Fisher’s exact test. Pearson correlation was used to study
the relation between age at oestrogen exposure and age
at autoimmunity diagnosis. P < 0.05 was considered sig-
nificant.

RESULTS

The mean age at TS diagnosis was 6.2 +2.3 years and
at screening for CD it was 12.6 £3.2 years (range: 4.5-18),
with significant lag in initiation of the screening for CD
among the current TS cohort (p < 0.001). Demographic
data of the study population are presented in Table 1.

Karyotypes distribution among TS girls were as fol-
lowis: 45,X (n = 27); structural aberrations (n = 18) and
mosaicism (n = 10) (Table 2).

Forty-seven girls are currently receiving GHT,
0.15 IU/kg/day subcutaneously, and 8 girls had stopped
GHT at a mean age of 14.8 +0.6 years when height veloc-
ity was < 3 cm/year. ERT was initiated for 23 girls who
had exhibited no clinical signs of spontaneous puberty
by 14 years of age, and 4 girls had spontaneous puberty at
a mean age of 13.9 +0.7 years.

SERUM IGA STATUS IN TS GIRLS

Serum IgA was within the normal range in 89.1%
(49/55) of girls. Absolute IgA-deficiency (< 5mg/dl)
was observed in 1 girl (1.8%), while partial IgA-defi-
ciency was observed in 5 girls (9.1%). All IgA-deficient
girls were anti-tTG-IgG negative (<10 U/ml). A TS girl
who had IgA-deficiency reported recurrent otitis and
sinusitis. None of the IgA-deficient girls had other
ADs. Table 3 showed the characteristics of IgA-defi-
cient girls.

PREVALENCE OF CD INTS GIRLS

Three out of 55 T'S girls showed seropositivity to an-
ti-tTG-IgA, of whom 2 girls only had anti-tTG-IgA titre
> 3 times the cut-off value (case 1: 189 U/ml and case 2:
73.4 U/ml) and underwent duodenal endoscopic biop-
sies after their parents’ approval. The histopathology was
compatible with Marsh grade-IIIb. In case 3, anti-tTG-
IgA was slightly elevated (15.7 U/ml).

Therefore, the sero-prevalence (anti-tTG-IgA > 10 U/ml)
and biopsy-confirmed prevalence of CD was 5.5% (3/55)

TABLE 1. General characteristics and serology results of the Turner
syndrome girls (n = 55).

Age at TS diagnosis (years) (mean +SD) 6.2+23
Age at screening for CD (years) (mean £5D) 12.6 3.2
Current medications [number (%)]
GH therapy 47 (85.5)
Oestrogen replacement therapy 23 (41.8)
Serology for Celiac disease [number (%)]
Seropositive (anti-tTG IgA > 10 U/ml) 3(5.5)
Seronegative (anti-tTG IgA < 10 U/ml) 52 (94.5)
Total IgA level [number (%)]
Normal IgA level 49 (89.1)
IgA deficiency (< 5 mg/dI) 1(1.8)
Partial IgA deficiency 5(9.1)
Frequency of autoimmune diseases [number (%)]
Biopsy-proven (D 2(3.6)
AT (isolated) 4(7.2)
(D-Seropositivity + AIT 1(1.8)
Type 1 diabetes mellitus 1(1.8)
Scalp psoriasis 1(1.8)
Overall prevalence of autoimmune diseases 9(16.4)
AIT — autoimmune thyroiditis; anti-tTG — anti-tissue transgh IgA — immunoglobulin A;

(D — celiac disease

TABLE 2. Distribution of karyotype in Turner syndrome girls (n = 55) and in relation to the autoimmune disorders

Overall

Turner patients

(n=55) autoimmunity D + AIT T1DM Psoriasis

Monosomy 45X (n = 27) 27 (49%) 6/27 (22.2%) 1/27 3/27 1/27 1/27 -
Structural abnormality (n = 18)

Isochromosome 46,X,i[Xq10] 14 (25.5%) 1/14(7.1%) 114 - - - -

Deletion 46,X,del(Xp-) 4(7.3%) - - - - -
Mosaicism (n = 10)

45,X/46,XX 6(11%) 1/6 (16.7%) - 1/6 - -

45,X/46,X,iXq10] 3(5.5%) 1/3 (33.3%) - - - 1/3

45,X/46,X,+marker 1(1.8%) - - - - -

AIT — autoimmune thyroiditis; (D — celiac disease; T1DM — type 1 diabetes mellitus
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TABLE 3. Characteristics of Turner syndrome girls with IgA deficiency (n = 6)

Age Cytogenetic Serum IgA Anti-tTG IgA Anti-tTG IgG
(years) (mg/dI) (U/ml) ()]
Absolute IgA deficiency (< 5mg/dl) (n=1) 9.9 46,X,i[Xq10] 43 0.18 2.6
Partial IgA deficiency (n =5)
9.5 45X 8.2 0.3 1.7
10 45X 12.3 0.78 2.2
12 45,X/46, XX 10.4 24 1.9
14.5 45X 18.8 13 0.5
15 45X 16.4 0.8 3.1
anti-tTG — anti-tissue transgh Igh—i lobulin A; lg6 — immunoglobulin G
TABLE 4. Characteristics of Turner syndrome girls with celiac disease seropositivity
Parameter Casel Case2 Case3
Karyotype 45 X 46,X,i[Xq10] 45X
Age at TS diagnosis (years) 6.5 8 13
Age at (D diagnosis (years) 8.5 1 14
(D-related symptoms Abdominal pain/ distension | Diarrheic bouts weight loss Asymptomatic
Anti-tTG Ig A titre (U/ml) 189 73.4 15.7
Total IgA (mg/dl) 96.5 127 178.8
HLA-genotype DQA1+/DRB1- DQA1+/DRB1+ DQB1+/DRB1-
Histopathology of duodenal biopsy Marsh lllb Marsh lllb Not done
Height (cm) 103 117 133
Height z-score —2.2 (< 39 percentile) -1.31 -0.22
Weight (kg) 19.5 20.5 40
Weight z-score =23 -3.0 -2.2
Haemoglobin (g/dl) 1.3 10.2 12.8
Transferrin saturation (15-50%) 13.3% 10.5% 34%
Serum 25-0H vitamin D (20-100 ng/ml) 16.54 12.39 15.7
Serum parathormone (15-65 pg/ml) 110.1 81.6 75
DXA scan
Lumbar spine (L1-L4) BMD Z-score -1.4 -1.7 -2.6
Total body BMD Z-score -13 -1.5 =25

anti-tTG-IgA — anti-tissue transglutaminase immunoglobulin A; BMD — bone mineral density; (D — celiac disease; DEXA — dual-energy X-ray absorptiometry; HLA — human leucocyte antigen; IgA — immunoglobulin A; TS —
Turner syndrome

CLINICAL AND LABORATORY CHARACTERISTICS
OF TS GIRLS WITH CD-SEROPOSITIVITY (TABLE 4)

and 3.6% (2 girls only fulfilled criteria for endoscopy out
of 55), respectively.

RESULTS OF CD-RELATED HLA-GENOTYPING Typical CD gastrointestinal symptoms were evident in

OF TS GIRLS WITH CD-SEROPOSITIVITY (TABLE 4) case 1 and case 2, while case 3 was asymptomatic except

Results of HLA-typing showed that all CD-seropos- for post-meal gastric discomfort.

itive girls presented the predisposing CD HLA-alleles as
follows: case 1: DQAI1+/DRB1-; case 2: DQAI+/DRBI1+;
and case 3: DQBI1+/DRBI-.

All seropositive girls were underweight, while only
case 1 had stature below the 3™ percentile according to
Egyptian TS growth charts.
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Laboratory evaluation revealed iron deficiency anae-
mia in case 1 and case 2. In all girls, vitamin D was low,
accompanied by elevated parathormone level. Normal se-
rum calcium, phosphorus, alkaline phosphatase, and liver
enzymes were detected. Low BMD with increased frac-
ture risk was detected in case 3, while case 1 and case 2
were at risk of low BMD.

OVERALL PREVALENCE OF AUTOIMMUNITY IN TS
GIRLS (TABLE 2)

Five girls (9%) had AIT, Hashimoto’s disease, at
a mean age of 12 +2.4 years. They all were asymptom-
atic (subclinical hypothyroidism) and none had Graves’
disease. In case 3, CD-seropositivity coexisted with AIT
diagnosed earlier at 12 years of age. One T’ girl (1.8%),
aged 7 years, was diagnosed as T1DM at 5 years of age,
and one TS girl (1.8%), aged 15 years, was diagnosed re-
cently at 14.5 years with scalp psoriasis.

THE IMPACT OF AGE OF TS GIRLS ON
AUTOIMMUNITY

No significant difference was detected in the mean
age of TS girls between those with CD-seropositivity
and those with CD-seronegativity [11.2 £2.8 versus 12.7
+3.2; p = 0.411]; or between those diagnosed with at least
one AD and those without [13.1 +2.4 versus 12.6 +3.3;
p=0.701].

THE IMPACT OF OESTROGEN EXPOSURE ON
AUTOIMMUNITY

Out of the 9 girls with AD, 5 girls (55.6%) were ex-
posed to oestrogen and 4 girls (44.4%) were not. No sig-
nificant correlation was detected between the age at oes-
trogen exposure (13.4 £0.7) and the age at AD diagnosis
(12.9 £2.4) (r = 0.602; p = 0.282).

IMPACT OF KARYOTYPE ON AUTOIMMUNITY

Table 2 shows the distribution of AD among karyo-
types. No significant association was detected between
45,X karyotype (6/9 with AD; 66.7%) and overall preva-
lence of autoimmunity compared to non-45,X karyotype
(3/9 with AD; 33.3%) (p = 0.503).

DISCUSSION

In the current Egyptian TS cohort (n = 55), the se-
roprevalence of CD (anti-tTG-IgA > 10 U/ml) was
5.5% (3/55), being 12-times higher than that reported
in general Egyptian paediatric females (0.46%; 3 out of
656 girls) [25]. The prevalence rate of biopsy-proven CD
was 3.6% because only 2 girls fulfilled the criteria for en-

doscopy. A significant lag in initiation of screening for
CD was detected among the current TS cohort.

In a previous Egyptian serology study, 10 out of 80 TS
girls were seropositive for anti-tTG IgA, giving a preva-
lence of 12.5% [26]. Thus, based on this study (10/80) and
the current study (3/55), the total prevalence of CD-se-
ropositivity among Egyptian TS girls could reach 9.6%
(13/135), quite a high prevalence indicating that the as-
sociation between these 2 disorders could not be coinci-
dental.

The prevalence of CD in the current Egyptian TS co-
hort is comparable to that reported by most of previous
screening studies conducted at specialist single centres
on small cohorts of paediatric TS populations, where
the prevalence of CD among Iranian TS girls was 4.1%
(2/48) versus 0.6% in the general population (GP) [11];
3.6% (2/56) among Brazilian TS girls versus 0.34% in
GP [12]; and 5.5% (4/73) among TS girls from Poland
versus 0.8% in paediatric GP [13]. A higher CD preva-
lence was reported for Irish TS girls (9%) [14] and for
Italian TS girls (12.9%; 4/31) [15]. The prevalence of CD
in TS patients in multicentre studies conducted in Swe-
den, Canada, Poland, and Italy ranged between 2.2 and
6.4% vs. 0.35-0.5% in GP [27]. In a population-based rel-
ative risk estimation study, Marild et al. found an over-
all 3-fold increased risk of CD in Swedish TS patients,
ranging from 2-fold in the first 5 years of life to a 5-fold
increase in females aged above 10 years at CD screen-
ing [28], which reinforces the fact that the prevalence
of AD in TS evolves with age [5, 6].

The wide range in the prevalence of CD among TS
series could be attributed to differences related to the age
and sample-size of the population undergoing screen-
ing, the geographic location with ethnic variability in
the frequency of predisposing human leukocyte antigen
(HLA)-genotypes, variations in the serological testing,
and the criteria used for CD diagnosis.

An outstanding feature of CD is that almost all CD
patients carry genes coding for HLA-DQ2 and/or DR4-
DQ8 heterodimers [7, 8]. In the current study, the results
of HLA-typing showed that all CD-seropositive girls pre-
sented the predisposing CD HLA-alleles as follows: case
1: DQA1+/DRBI-; case 2: DQAI1+/DRBI+; and case 3:
DQBI1+/DRBI-. In agreement, the 2 CD-seropositive
Brazilian girls with TS were positive for the predispos-
ing HLA-DQ2 alleles and both had biopsy-confirmed
CD [12].

The association between CD and IgA deficiency has
been speculated to be due to either the shared HLA-types
in both conditions or the failure to clear food antigens
in IgA-deficient individuals that may trigger the on-
set of CD [29]. As regards this association, Bonamico
et al. [10] dealt with a girl with TS who presented with
IgA deficiency and CD. Mortensen et al. [4] reported
that 3 out of 106 TS girls had IgA deficiency and showed
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variable seropositivity for IgG-based assays, and they all
had negative endoscopic biopsies.

We detected 1 case with absolute IgA deficiency and
5 girls with partial IgA deficiency; they were all anti-tTG
IgG-seronegative. In contrast, none of TS patients dis-
played abnormal levels of IgA during serological screen-
ing for CD in most of the previous studies [11, 12]. And
in studies that examined immunological profile in TS
patients, none of the Ig levels (IgA, IgG, and IgM) were
lower than normal reference values for age [17].

Moreover, during screening for CD among general
Egyptian children (n = 1500), Abu Zikrey et al. looked
for IgA deficiency among 201 children who had anti-tTG-
IgA < 5 U/ml, but none of them was identified to have
IgA deficiency [25].

As to the clinical features, CD in the current study
appeared with typical gastrointestinal symptoms in case 1
and case 2 and was silent in case 3; to assess whether this
girl will develop overt CD or will have rising anti-tTG-
IgA titre requires long-term follow-up.

A review of the literature revealed the fact that near-
ly a quarter of TS patients diagnosed with CD in most
of screening studies were asymptomatic, and the remain-
ing ones exhibited either typical or atypical symptoms
of CD. This observation strengthens the rationale of pe-
riodic screening for CD in TS girls rather than investigat-
ing symptomatic patients, and the physician should have
a high index of suspicion for CD in the presence of atyp-
ical features such as refractory iron deficiency anaemia.

Short stature is a universal phenotypic feature
of TS [1], and it can also be a primary manifestation
of monosymptomatic CD [7, 8]. This observation rein-
forces the rationale for screening for both CD and TS in
girls with short stature.

In this study, all TS girls with CD-seropositivity
had lower height and weight compared to age-matched
healthy Egyptian girls. However, in respect to Egyptian
TS growth charts, only case 1 presented with stature be-
low the 3™ percentile, suggesting that screening for CD
in TS girls should not only be performed in girls showing
growth retardation in relation to TS curves.

Revision of medical files of TS girls with CD-seropos-
itivity for the recorded growth velocities since the initi-
ation of GHT revealed that case 1 presented with short
stature and GH deficiency at the age of 6 years, at which
point GHT was initiated at a dose of 0.09 IU/kg/day.
Then the diagnosis of TS was established cytogeneti-
cally at the age of 6.5 years, which necessitated the in-
crease of GHT dose to 0.15 IU/kg/day; growth velocity
follow-up showed a significant growth deceleration af-
ter 7 years of age (from 6 to 2.5 cm/year). At the time
of screening for CD case 1 was aged 8 years old, her
height was 103 cm - which was below the 3™ percentile
with respect to Egyptian TS growth charts and was also
more than 2 SD below the mid-parental target height
(161 £5 cm). In case 2 the growth velocity also decreased

from 5.5 to 3.25 cm/year. The deceleration in growth ve-
locities observed in case 1 and case 2 was concomitant
with the appearance of gastrointestinal-related symptoms,
indicating that undiagnosed gluten intolerance could be
responsible, at least in part, for poor response to GHT,
while case 3 did not exhibit any change in her growth
velocity over the last year, which may have been related
to CD and the fact that she was 14 years old, at which age
the height potential could have been lost.

Further evaluation of TS girls with CD-seropositivity
revealed that case 1 and case 2 had iron deficiency anae-
mia. All girls had low vitamin D, elevated parathormone,
and low or at risk of low BMD. The association between
TS and CD could play a role in the observed comorbid-
ities.

As to the frequency and concomitance of CD with
previously diagnosed AD, case 3 had coexisting seropos-
itive-CD and AIT; however, the sequence of appearance
of the 2 coexisting disorders cannot be predicted. In ad-
dition, 4 girls had isolated AIT. Similar to previous stud-
ies [2-5], AIT was the most common AD in our cohort,
at 9% (5/55). They were all asymptomatic; however, they
may develop overt thyroid dysfunction over time, empha-
sizing the importance of screening for thyroid dysfunc-
tion at TS diagnosis and thereafter annually regardless
the symptoms [1].

Previous studies have reported higher frequency
of TIDM among TS relative to GP? whereas others have
not [2]. We detected only one TS girl (1.8%) with T1DM,
which, in itself, does not support the higher risk for devel-
oping T1IDM in TS patients. We also detected one TS girl
(1.8%) with scalp psoriasis at the age of 14 years. Similar-
ly, Wegiel et al. [13] reported psoriasis in 2 out of 134 TS
patients (1.5%) at the age of 5.9 and 16.9 years.

Some investigators reported an association between
karyotype, particularly isochromosome and 45,X, and
autoimmunity in TS patients [4, 6, 26], whereas others
were unable to establish such an association [5, 30]. In
the current TS cohort, the frequency of AD was higher in
the 45,X than in the non-45,X subgroup; nevertheless, it
did not reach statistical significance, which may explained
by the small sample size and older age of TS patients in
previous studies [5, 6], based on the fact that autoimmu-
nity in TS patients evolves over time [5, 6].

The impact of exposure to oestrogen on the overall
prevalence of autoimmunity in the current TS cohort
is not established. However, Wegiel et al. [13] detected
a weak positive association between age at ERT and age
at diagnosis of AD.

Given that CD is frequently undiagnosed in clin-
ical practice and failure of diagnosis of coexisting CD
may predispose the affected individuals to increased risk
of morbidity, mortality, and impaired quality of life, an ac-
tive case finding approach is considered best practice [7, 8].
The recent clinical practice guidelines for the care
of girls and women with TS (2017) recommended
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that screening for CD in TS should start at the age of
2 years, and thereafter every 2 years [1]. Also, according
to recent European Society Paediatric Gastroenterology,
Hepatology, and Nutrition guidelines for diagnosing CD
(2020), testing for total IgA and anti-tTG-IgA is recom-
mended as initial screening in children with suspected
CD; the no-biopsy approach for CD diagnosis is consid-
ered in children with high serum anti-tTG-IgA values
(= 10 times the upper limit of normal) and endomysial
antibodies positivity in a second serum sample; children
with positive anti-tTG-IgA but lower titres (< 10 times
upper limit of normal) should undergo biopsies to reduce
the risk of false positive diagnosis; and HLA- typing for
DQ2/DQ8 alleles is not required in children with high
serum anti-tTG-IgA values and positive endomysial an-
tibodies or in children with positive anti-tTG-IgA, if they
qualify for CD diagnosis with biopsies [31].

The limitations of our study include its cross-section-
al design and small sample size, which may overestimate
the real prevalence rate of CD. However, our study is
a single-centre study conducted on a paediatric TS co-
hort only with unified follow-up protocol. The diagnosis
of CD was finally confirmed by the presence of specific
HLA-heterodimer and/or duodenal biopsies.

CONCLUSIONS

Egyptian TS patients are a high-risk population
for developing CD, with prevalence of 5.5%, which is
12-times higher than in the general population (0.46%).
All CD-seropositive girls displayed the predisposing CD
HLA-alleles (DQ2 and/or DR4). CD could play a role in
poor response to GHT, iron deficiency anaemia, and low
BMD in CD-seropositive TS girls. Periodic screening for
CD in TS girls allows for early recognition of CD and
CD-comorbidities, and early initiation of a gluten-free
diet along with management of associated nutritional de-
ficiencies and adequate hormonal therapies at the appro-
priate age helps to achieve optimal health outcomes and
best quality of life.

There is a desperate need for longitudinal studies
to define the beneficial effects of a gluten-free diet on
growth, nutritional status, BMD, and long-term compli-
cations of CD in TS girls.
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