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Objective: The objective of the present study was to describe the phenotypic features of Turner syndrome (TS) and to inves-
tigate the relationship between the genotype and the phenotype.

Materials and Methods: We studied 26 female patients who were enrolled between 2006 and 2015. Physical features, clini-
cal history, laboratory findings, and imaging test results were recorded. Chromosomal analysis was performed on peripheral
blood lymphocyte cultures of the patients.

Results: The mean age of the study population was 10.4+5.6 years (range, 1 day to 17 years). Three patients were diagnosed in the
neonatal period. Although the most common phenotypic feature was short stature (92.3%), the characteristic stigmatas were usually
seen in the 45, X karyotype. Among the 26 patients, monosomy 45, X was detected in 7 (26.9%) of them. Eleven percent of our pa-
tients had 46,X,i(X) (isochromosome Xq), while the rest demonstrated mosaic karyotypes [45,X/46,XY (19.2%); 45,X/46,XX (11.5%);
45 X/46,X,i(X) (11.5%); 45,X/46,XX,1(X) (7.7%); 45,X/46,X,i(Y) (3.8%); 45,X/47 XXX (3.8%); and 45,X/46,XX del(Xp) (3.8%)].
Conclusion: TS is one of the most common sex chromosome abnormalities, but it is frequently underdiagnosed. The fre-
quency of the monosomy 45, X karyotype in TS is less than previously thought. Therefore, patients should be evaluated by
chromosome analysis in case there is clinical suspicion.
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Turner syndrome (TS) is one of the most common sex chromosome abnormalities that is usually caused by loss of
a part or the entire X chromosome. It occurs in approximately 1/2500 live-born females (1). The true prevalence
of TS is uncertain as the patients with mild phenotypic features may remain undiagnosed. Many of the TS cases
previously described are characterized by variable phenotypes. The main abnormalities in TS are short stature,
primary amenorrhea, infertility, and characteristic stigmatas. Edema of the hands or feet in the neonatal period,
nuchal folds, a webbed neck, a low posterior hairline, cubitus valgus, a short fourth metacarpal, multiple pigmented
nevi, and nail hypoplasia are usually present in TS. Furthermore, heart defects, kidney malformations, hypothy-
roidism, visual and hearing defects, and gastrointestinal disorders are other potential abnormalities (2).

The 45, X karyotype is observed in 1% to 2% of conceptuses, 10% of miscarriages, and 1% of stillbirths. More
than 99% of 45, X conceptuses result in spontaneous loss, usually before 28 weeks. The reason why 1% survive
to term with relatively minor somatic abnormalities is unknown, although it has been hypothesized that this is due
to undetected mosaicism for a cell line with the entire or a part of the second sex chromosome (3, 4).

Although approximately 50% of affected individuals have the 45, X karyotype and 20% to 30% have mosaicism
(45, X and at least one other cell line), the rest have various structural abnormalities (5). The more frequent of
these structural abnormalities include the presence of an isochromosome of the long arm of the chromosome X
li(Xq)], ring X, and mosaicism for two or more normal or abnormal cell lines (45,X/46,XX; 45X/46,X,i(Xq); or
45,X/46,XY). On the other hand, TS may be mosaic for a triple X (47/XXX) cell line (5). Clinical stigmatas, ex-
cept short stature, are usually inconsistent, and the physical manifestations of TS largely depend on the karyotype
(7). Here we present the genotypic and phenotypic features of patients with TS diagnosed in our department.

This retrospective and observational study included 26 female patients who were enrolled from the Department of Pe-
diatric Genetics of Dokuz Eylul University Medical School, fzmir, Turkey between Ocak 2006 and November 2015. All
these patients were referred to us due to the presence of several clinical features including short stature, TS stigmatas, and
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Distribution of cytogenetic analysis of 26 patients

Karyotype Karyotype No. Of
Group Patients (%)
Classic Turner
Syndrome (26.9%) 45X 7 (26.9%)
45 X/46,XY 5(19.2%)
45 X/46,XX 3 (11.5%)
Others (73.1%) 46,X,i(X) 3 (11.5%)
45 X/46,X,i(X) 3 (11.5%)
45 X/46,XX,r(X) 2(7.7%)
45,X/46,X,i(Y) 1(3.8%)
45,X/47 XXX 1 (3.8%)
45 X/46,XX del(Xp) 1 (3.8%)
Clinical features of the patients
Group 1 Group 2
Classic Other
monosomy  karyotypes
Clinical features (n: 7) (n: 19)
Short stature 5(71%) 19 (100%)
TS stigmatas
Webbed neck 3 (42.8%) 1(5.2%)
Low posterior hairline 2 (28.5%) 3(15.7%)
Cubitus valgus 1(14.2%) 6 (31.5%)
Widely spaced nipples 4 (57.1%) 7 (36.8%)
Short fourth metacarpal 1(14.2%) 2 (10.5%)
Edema of the hands/feet 1(14.2%) 1(5.2%)
Cardiovascular findings 1(5)(20%) 3(11)((27.2%)
Renal findings 0 (6) 3 (15) (20%)
Endocrine findings 0 (6) 3(16) (18.7%)
Ear findings 2 (28.5%) 0
Diagnosis in the neonatal period 2 (28.5%) 1 (5.2%)
Primary amenorrhea* 1(14.2%) 4 (21%)
Intellectual disability 0 1 (5.2%)
Brain abnormalities 1(14.2%) 0

* Absence of menses at the age of 16 years when secondary sexual
characteristics are present or absence of menses at the age of 14 years
when secondary sexual characteristics are not present

TS: Tuner syndrome

primary or secondary amenorrhea. The study included 2 groups: group
1 with classic monosomy and group 2 with other karyotypes. Physical
features, clinical history, laboratory findings such as thyroid markers and
cealiac antibodies, and imaging test results were recorded. Patients with
speech impairment were evaluated with hearing tests.

All patients provided written informed consent for cytogenetic test-
ing. Chromosome preparations were obtained from lymphocyte
cultures, and G banding was performed to identify individual chro-
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Clinical and cytogenetic findings in TS patients
diagnosed in the neonatal period

Patient Reason for Edema of the Hearing
No. Karyotype admission hands or feet loss
Patient 1 45 X Prenatal - +
karyotype
was 45,X
Patient 2 45,X/46, Intrauterine + -
XX,del (Xp)  growth
retardation
Patient 3 45X Corpus + -

callosum agenesis

TS: Tuner syndrome

mosomes. Karyotyping was performed according to guidelines of
the International System for Human Cytogenetic Nomenclature.
At least 25 metaphases were studied for karyotyping. In case of
suspected mosaicism, 100 cells were counted. The study was per-
formed in accordance with the Helsinki declaration.

Twenty-six patients with a suspicion of TS were identified between
2006 and 2015. The most common karyotype was 45, X (n=7,
26.9%), classic monosomy, which we named it as group 1. In the
other group, group 2, which had the patients with other karyo-
types, 11 % of our patients had 46, X, i(X) (isochromosome Xq),
while the rest demonstrated mosaic karyotypes (61.6%). The de-
tailed description of patient karyotypes are shown in Table 1.

The mean age of the study population was 10.4+5.6 years (range, 1
day to 17 years), and the mean age of the patients with the group 1
and other karyotypes group 2 at the time of the initial diagnosis was
8.4+7.1 years and 11.2+5 years, respectively. Short stature was the
cardinal phenotypic feature and was detected in 92.3% of the pa-
tients. Five patients were referred to us for primary amenorrhea, and
four of them had Y-chromosome abnormalities. The characteristic
features of TS were usually present in monosomy X patients (Table 2).

Abdominal ultrasonography was performed in all patients. One of
them (mosaic karyotype) had simple renal cortical cysts, whereas two
other patients (one of them had a mosaic karyotype while the oth-
er had isochromosome X) had horseshoe kidney. Hearing loss was
found in two patients who had both 45, X monosomy. Two patients
had hypothyroidism and cealiac disease at the time of the diagnosis,
whereas another patient had only hypothyroidism. Echocardiography
was performed in 16 patients. Patent ductus arteriosus was observed
in a single patient with classical monosomy, and mitral insufficiency
was detected in two with mosaic karyotypes and left ventricular hy-
pertrophy in one with isochromosome X. Mosaicism with 46,XY or
other Y-chromosome abnormalities were demonstrated in six patients
(23%) in whom the most frequent cause of hospital admission was pri-
mary amenorrhea. One patient with the 45, X karyotype, had short
1.,4., and 5. metatarsals. Intellectual disability was detected in a single
patient who had the 45, X/47, XXX karyotype. Three patients were
diagnosed in the neonatal period, and the characteristic features of
these patients are summarized in Table 3.
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Turner syndrome is the consequence of the complete or partial
absence of one X chromosome in a female with short stature and
gonadal dysgenesis. Approximately 45% of postnatal TS patients
have a pure 45, X cell line without any detectable mosaicism (8).
However, due to the results of new studies, classic monosomy was
observed with gradually decreasing rates. In 2014, Al Alwan et
al. (9) reported classic monosomy in 16 (31%) of 52 patients. In
our study, 26.9% of the patients had the 45, X karyotype and
the rest had mosaicism or other X-chromosome abnormalities; the
frequency of classic monosomy is less than that in reported data in
current literature. This is most probably because every patient with
a clinical suspicion of TS underwent 100 metaphase cell evalua-
tion in karyotype analysis, leading to increased rates of the mosaic
karyotype. We need to keep in mind that milder phenotypic fea-
tures can be detected in patients with mosaic karyotypes and that
this type of TS is much more common than expected.

Other karyotypes that may be mosaic with 45,X most commonly
include the following: 46, X, i(Xq); 46,XX; 46,XY; 47 XXX; or
46,X,del(Xp). Typically, the isochromosome of the X, consisting of
two long arms of the X chromosome, is the most frequent mosaic
cell line (10). In this study, the 46, X, i(Xq) karyotype was found in
23% of all patients, and half of them had mosaicism.

Mosaicism for a cell line with a normal or abnormal Y chromo-
some is identified in 6% to 11% of patients with TS with standard
cytogenetic techniques. The identification of Y-chromosome ma-
terial in females with TS is important due to the risk of gonado-
blastoma. The prevalence of germ cell tumors is approximately
15% in 45, X/46, XY patients (11). The TS phenotype cannot
predict the presence of a Y cell line. A phenotypic female may
have no evidence of any androgen effect. Therefore, the patient
will present as a phenotypic female with sexual infantilism and may
have clitoromegaly. In the presence of an intra-abdominal streak
and descended testes, frank ambiguity will be observed (10, 12).
In this study, Y-chromosome abnormalities were detected in six
(23%) patients, which is higher than that in current data. While
one patient had isochromosome Y mosaicism, five patients had
mosaicism with the 46, XY karyotype. Besides short stature, the
most frequent feature was primary amenorrhea, which was found
in four of the six patients, and none of them had genital ambiguity.
Therefore, cytogenetic analysis should be performed earlier to lead
to clinical management in patients with suspected Y-chromosome
abnormalities.

Most patients with the 45, X/46, X, r(X) karyotype have a pheno-
type resembling the TS phenotype. However, patients with r(X) are
at a higher risk of intellectual disability, learning difficulties, autistic
spectrum disorders, and structural brain abnormalities due to the
loss of the XIST region (13). In the current study, we found the 45,
X/46, XX, 1(X) karyotype in two patients. The developmental skills
of these patients were normal, and none of them had intellectual
disability. This may be related to the presence of the XIST locus
and a functional gene in these two patients with the ring X chro-
mosome. Further, intellectual disability was detected only in one
patient who had the 45, X/47, XXX karyotype. She had cubitus
valgus, a webbed neck, and short stature.
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The most obvious features of TS are short stature, characteris-
tic stigmatas, and primary or secondary amenorrhea (2). In our
study, short stature was found in 92.3% of the patients. Further,
the characteristic TS stigmatas with short stature were detected,
particularly in patients with the 45, X karyotype. Therefore, these
patients were diagnosed at earlier ages. The skeletal findings of our
patients included short metacarpals and metatarsals. The cause of
these features (short stature and other skeletal findings) in TS is
thought to be due to a primary bone defect or due to the loss of
the SHOX gene that is essential for growth (14).

Congenital cardiovascular disease is diagnosed in approximately
half of the individuals with TS and is the major cause of mortality
in adults. A bicuspid aortic valve is the most common congenital
cardiac malformation, whereas coarctation of aorta accounts for
approximately 10% of cardiac abnormalities in women with TS
(14, 15). In our study, an echocardiographic examination was per-
formed in 16 patients. Patent ductus arteriosus was detected in a
patient in group 1, whereas mitral insufficiency was detected in two
patients and left ventricular hypertrophy in one patient in group 2.

There is also an increased risk of celiac disease and developing
ulcerative colitis in women with TS. X-chromosome abnormali-
ties may play a role in the pathogenesis of inflammatory bowel
disease. An increased susceptibility has been reported in women
with the isochromosome Xq karyotype (16, 17). The incidence of
autoimmune thyroid disease in females with TS increases with age.
Previous studies have shown a doubling in the prevalence of au-
toimmune thyroid disease from the first to the third decade of life,
being more prevalent in women with the isochromosome karyo-
type than in those with other karyotypes (9). In the present study,
three patients had hypothyroidsm, one of whom had a 46, X, i(Xq)
karyotype. Furthermore, both hypothyroidism and cealiac disease
were detected in the two other patients with the mosaic karyotype.

Ear abnormalities and hearing loss are also common in TS, par-
ticularly in 45, X patients, and progressive sensorineural hearing
loss is a major feature in adults (15). In our study, we detected
hearing loss in two patients who had the 45, X karyotype. Both
of them were 7 years old at the time of the diagnosis of hearing
loss. Structural renal malformations, including horseshoe kidney
and duplication of the collecting system, are found in up to 40% of
patients with TS (16). While structural malformations of the kidney
more frequently occur in pure 45, X patients, collecting system
malformations more frequently occur in those with other TS karyo-
types (17). In the present study, patients who had structural renal
abnormalities (horseshoe kidney) had isochromosome and mosaic
karyotypes, and this was inconsistent with the literature. Further-
more, abdominal ultrasonography revealed a simple cortical cyst in
one of our patients with a mosaic karyotype.

Central nervous system malformations such as aberrant parietal
cortex development, cerebellar vermis and pons hypoplasia, large
fourth ventricle and cisterna magna, decreased parietal gray and
occipital white matter, and increased cerebellar gray matter are
seen in TS patients (18). In our study, corpus callosum agenesis
was detected in a newborn with 45, X monosomy who had a
webbed neck and edema of the hands and feet. This might be
related to the haplodeficiency of genes that escape X inactivation.
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Our study had some limitations. It was a retrospective study with
a small sample size and included limited long-term follow-up data.

Turner syndrome is a chromosomal disorder, and frequently, it is
being misdiagnosed; therefore, any female with short stature and
primary or secondary amenorrhea, with or without phenotypic
features, should be evaluated with chromosome analysis. Mosaic
karyotypes in TS are more frequent than previously thought; there-
fore, early recognition and diagnosis will improve the quality of life
of such patients.
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