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Key points

* Turner syndrome is the most common sex chromosome abnormality in women.
* Girls with Turner Syndrome almost all have short stature.
* Growth hormone is an effective treatment of girls with Turner syndrome.

tient with classic physical features such as webbed neck and congenital

lymphedema. Other patients are diagnosed later, when they present with
cither growth failure in childhood, failure to enter or complete puberty, or early
ovarian failure.

T he diagnosis of Turner syndrome is sometimes made at birth in the pa-

INTRODUCTION
It has been more than 80 years since Henry Turner, an internist, reported in
1938 the clinical characteristics of the 7 patients whose phenotype now bears
his name [1]. These women had short stature in association with sexual infan-
tilism, webbing of the neck, low posterior hairline, and increased carrying angle
of the elbows (cubitus valgus). In 1930, Ullrich described an 8-year-old girl with
short stature; lymphedema of the neck, hands, and feet; subsequent neck
webbing, cubitus valgus, and other phenotypic abnormalities (including a
high arched palate, ptosis, low-set auricles, and small upwardly curved nails);
and several other features that are now associated with Turner syndrome.
This gave rise to the less common, but more appropriate eponym Ullrich—
Turner syndrome.

Ullrich later recognized that his patients and those of Turner seemed to have
the same condition [2]. He also called attention to the work of Bonnevie, who
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described a group of congenital anomalies in mice consisting of the distention
of the neck and malformations of the ears, face, and limb buds-all secondary to
the dissection of the subcutaneous tissues by fluid. This “bleb”” mechanism for
producing multiple anomalies was suggested by Ullrich as being responsible for
the cervical lymphangiectasia noted in some human female abortuses that
seemed to produce a scarred webbed neck (pterygium colli). Ullrich proposed
the eponym status Bonnevie-Ullrich to describe the set of specific anomalies
arising from a single mechanism (lymphangiectasia) and resulting in the pheno-
type of Turner syndrome.

The links among these phenotypic descriptions, the pathologic evidence of
streak ovaries, and the abnormal X chromosomes came with the introduction
of the technique for sex chromatin identification by Barr and the demonstration
that most patients with Turner syndrome lacked sex chromatin material [3].
Initially, this absence of sex chromatin (or lack of a Barr body) was associated
with “maleness” because a similar pattern was found in normal phenotypic
men. Only after it was demonstrated that it was the second X chromosome
that in the inactivated state constituted the Barr body was it clear that the
45,X karyotype would result in a chromatin pattern similar to the normal
46,XY karyotype.

It was not until 1961 that techniques became available for the analysis of the
chromosomal constitution and the sex chromosome constitution was shown in
a 14-year-old phenotypic female with Turner syndrome to be, indeed, 45,X*,
Thus, patients with Turner syndrome were not XY males, but in most cases
45,X females. The original patient of Ullrich was studied in the 1960s and
found to have a 45,X karyotype (D. Knorr, personal communication to the
author). One of the original 7 patients Turner described was also reinvestigated
and found to have a 45, X chromosomal karyotype [4].

INCIDENCE

Turner syndrome is the most common sex chromosome abnormality in
women and occurs in approximately 1 in 2500 live births [5]. Turner syndrome
is now more commonly diagnosed prenatally via amniocentesis and chorionic
villous sampling. Gravholt and colleagues found that the prenatal prevalence of
TS is 176 in 100,000 via amniocentesis and 392 in 100,000 via chorionic villous
sampling [6]. The true prevalence, however, is uncertain as those with mild
phenotypes may remain undiagnosed [7].

PATHOGENESIS

Molecular studies have shown that maternal X is retained in two-thirds of pa-
tients with Turner syndrome and paternal X in the remaining one-third [8].
More than one-half of all patients with Turner syndrome have a mosaic chro-
mosomal complement (eg, 45,X/46,XX) detectable in peripheral blood leuko-
cytes [9,10]. Mosaicism with a normal cell line in the fetal membranes may
be necessary in all affected cases for adequate placental function and fetal sur-
vival [11].
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The identification of mosaicism depends directly on the method of ascertain-
ment. It varies from 34% with conventional cytogenetic techniques to 60% with
fluorescence in situ hybridization (FISH) techniques to 74% in a study in which
reverse transcriptase polymerase chain reaction (PCR) assays were used [12].

Some patients with Turner syndrome lack only part of one sex chromosome,
and the Turner syndrome phenotype can be seen with a variety of structural
abnormalities, such as isochromosomes, rings, or terminal deletions [13]. A
rare but very informative class of Turner syndrome includes patients who
have deletions of the Y chromosome that remove the testes-determining
gene, SRY; these individuals develop as women. Based on this finding and
the fact that men require only one X chromosome for normal development,
Ferguson-Smith hypothesized that copies of Turner syndrome genes are also
present on the Y chromosome.

Specific localization of Turner syndrome candidate genes proved elusive un-
til one group successfully identified a pseudoautosomal deletion encompassing
a novel homeobox gene, SHOX (short stature homeobox-containing gene on
the X chromosome), which is associated with short stature not only in Turner
syndrome but also in Leri-Weill dyschondrosteosis and in an estimated 2 to
15% of cases of idiopathic short stature [14-17].

The telomeres of the short arms of chromosome X and Y are logical sites for
Turner syndrome genes, as sex chromosomes undergo meiotic recombination
within the pseudoautosomal region and all genes in this region that have been
examined escape X-inactivation. Characterization of XYp females provides
additional support for the hypothesis of a distinct Turner syndrome stature lo-
cus: most of these patients have unbalanced XY translocations and, in the
most fully documented patients with this karyotype, 2 intact copies of the pseu-
doautosomal region are present. It is not surprising that these patients attain
normal stature, despite the presence of features consistent with Turner syn-
drome. As noted above, an absence of SHOX was identified as the genetic
cause of the short stature phenotype in patients with Turner syndrome [14,16].

Studies that have examined the relationship between the chromosomal and
karyotypic abnormalities and clinical findings in patients with Turner syn-
drome have been disappointing [18]. Short stature is the only clinical finding
mvariably associated with the 45,X karyotype; it also is the only phenotypic
abnormality present in virtually 100% of patients. Specific karyotypic abnor-
malities may also correlate with the presence of hypothyroidism. The webbing
of the neck, shield chest, and probably the ear malformations, renal anomalies,
and cardiac defects may be a consequence of fetal lymphedema, which inter-
feres with organ development [19-22].

Deletions of the long arm of the X chromosome have been reported in other-
wise normal women (ie, normal stature) with secondary amenorrhea [23]. A
45,X/46,XY karyotype has been associated with a variety of phenotypes
ranging from the typical phenotype of Turner syndrome to ovotesticular disor-
der of sexual development with genital ambiguity, to a normal male phenotype
with infertility [24].
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CLINICAL MANIFESTATIONS

Typical features The most characteristic feature of girls and women with Turner
syndrome 1is their short stature (Table 1). Other common features are a
“shield” chest with widely spaced nipples, webbed neck, cubitus valgus, and
Madelung deformity of the forearm. Neonates may have congenital lymphe-
dema of the hands and feet and 2 or more of the following dysmorphic fea-
tures: webbed neck, nail dysplasia, high-arched palate, and short fourth
metacarpal [25]. The height of patients with Turner syndrome should be
plotted on growth curves specific to this disorder [26,27].

Hearing loss, hypothyroidism, and liver function abnormalities can occur as
these women get older [28,29]. Liver enzymes are mildly elevated in approxi-
mately 35 to 45% of adult patients [30,31], and improve with postmenopausal
hormone therapy [30]. Intelligence is usually within the normal range, but pa-
tients may have specific neurocognitive deficits, for example, problems with
visuo-spatial organization.

Other manifestations include autoimmune disease (including chronic auto-
immune thyroiditis) [32] and specific morphologic defects of facial development
and cardiovascular, urologic, and bone structure [28,33,34].

Ovarian failure- Although most affected women have no pubertal develop-
ment and primary amenorrhea, some develop normally and then have second-
ary amenorrhea, while occasionally others have no morphologic defects and
achieve normal stature. It should be noted that adrenarche is normal in Turner
syndrome.

As an example, a retrospective study of 522 patients with Turner syndrome
who were over the age of 12 years found that 84 (16%) had spontaneous
menarche at an average age of 13.2 years; 30 of these women still had regular
menses 9 years after menarche, and 3 became pregnant without medical assis-
tance [35].

In a second retrospective study of 276 adults with cytogenetically proven
Turner syndrome, 5 women had spontaneous puberty and spontaneous preg-
nancies, despite high-grade monosomy (45,X in > 90% of a 50-cell karyotype)
[36].

Manifestations in older patients include primary hypogonadism occurring
either before or after puberty (gonadal dysgenesis). It is one of the most com-
mon causes of premature ovarian failure [37].

The ovaries in Turner syndrome characteristically consist of small amounts
of connective tissue and no follicles or only a few atretic follicles (“streak go-
nads”). However, the degree of ovarian dysfunction and the extent of the de-
fects are variable.

Careful histologic studies of the ovaries of 8 aborted 45,X fetuses many
years ago are the basis of our understanding of the gonadal failure in Turner
syndrome [38]. These ovaries contained apparently normal numbers of primor-
dial germ cells for up to at least 6 weeks of gestation, but at later gestational
ages, the numbers of germ cells were decreased and connective tissue was
increased, as compared with age-matched normal fetuses. These results
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Table 1

Clinical features in girls with Turner syndrome

Physical diagnosis

Percentage affected

Skeletal Short stature 100
Short neck 40
1 Upper: lower body ratio 97
Cubitus valgus 47
Short metacarpal 37
Scoliosis 12.5
Madelung deformity 7.5
Micrognathia/high palate 60
Lymphatic obstruction Neck Webbing 25
Low posterior hairline 42
Edema of hands/feet 22
Nail dysplasia 13
Others Strabismus 18
Ptosis 11
Multiple nevi 26
Screening Evaluation
Cardiovascular anomaly All 44
Bicuspid aortic valve 30
Aortic coarctation 12
Dilated aorta 11
Other* 12
Renal anomaly All 18
Horseshoe Kidney 11
Duplicated collecting ducts 4
Unilateral agenesis 3
Liver disorder All 36
Abnormal liver function tests(LFTs) 27
Fatty infiltration 19
Hypertension All 34
Prehypertension 14
Overt hypertension 20
Autoimmunity All 51
Hashimoto thyroiditis 51
Graves' disease 1
Type 1 diabetes 0
Celiac 5
Inflammatory bowel 3

"’Physical Diagnosis’’ describes findings from physical examinations of more than 200 girls seen by Drs Bar-
bara Lippe and paul Saenger between 1985 and 2000. Information on puberty development is not
included because many girls were not old enough fo assess. The “screening evaluation”” data are from
100 girls aged 7 to 17 who underwent standardized imaging laboratory testing as a part of the NIH nat-
ural history study performed between 2001 and 2008. The cardiovascular evaluation included MRI and
cardiac echo. Under the cardiovascular listing, the “other”” category included partial anomalous pulmo-
nary veins, aberrant right subclavian monitors. All patients also had renal and hepatic ultrasound studies.
Abnormal liver function was defined as greater than 10% elevation of aminotransferase(s). Hashimoto’s
was defined by the history of clinical hypothyroidism or elevation of circulating thyroid antibodies.
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indicate that the gonadal dysgenesis may be caused by accelerated apoptosis
rather than abnormal germ cell formation.

Another study evaluated 104 girls aged 0.2 to 17.4 years with complete or
partial X chromosome deletions using pelvic ultrasonography [39]. Approxi-
mately one-third have visible, nonstreak ovaries. The girls with visible ovaries
had apparently normal ovarian growth and follicular development up to the
time of puberty, and were more likely to have spontaneous breast development
and uterine growth, indicating some ovarian function; many, but not all, of
these girls had incomplete X chromosome deletions. These findings are consis-
tent with several case reports of adult women with both 45,X and partial X de-
letions who have conceived and borne children before developing secondary
amenorrhea [40,41].

Thus, the consequences of X chromosome deletions are highly variable,
ranging (at the extremes) from intrauterine death to normal health with normal
menarche and normal reproductive function for a few years thereafter. The
incidence of 45,X and 45,X/46,XX mosaic karyotypes in women with normal
fertility is unknown.

Only one X chromosome is active in somatic cells after the third week of
gestation. As a result, deletion of any part of one X chromosome will affect
fertility only if the normal copies of the missing gene or genes do one of the
following:

* Imprint somatic cells before 3 weeks of gestation
* Escape inactivation so that 2 copies are normally required
* Are critical for oocyte development (as oocytes have 2 active X chromosomes).

Short stature- Short stature combined with a square appearance is the most
common clinical feature of Turner syndrome. The adult height of untreated
patients correlates significantly with midparental height (ie, the height corre-
sponds to the average of the height percentiles of the mother and the father).Is
this correct? I would have thought for the untreated patients, the height would
be lower than that correlated with midparental height. Recombinant human
growth hormone therapy is recommended to maximize final height (see later
in discussion).

Renal anomalies—Renal anomalies are common in patients with Turner syn-
drome. Congenital malformations of the urinary system are present in approx-
imately 30 to 40%. The most common abnormalities are collecting system
malformations (20%) and horseshoe kidneys (10%), followed by malrotation
and other positional abnormalities (5%) [5]. Patients should undergo renal ul-
trasonography at the time of diagnosis, and, if structural abnormalities are iden-
tified, the patient should be monitored yearly for urinary tract infection.

Anomalies associated with the obstruction of the ureteropelvic junction can
produce clinically significant hydronephrosis or pyelonephritis. Idiopathic hy-
pertension is common in Turner syndrome, even in the absence of recogniz-
able renal or cardiac malformations. Blood pressure should, therefore, be
monitored carefully, and hypertension treated vigorously.
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Cardivascular disease—There 1s an increased risk of cardiovascular morbidity
in women with Turner syndrome, presumably due to their risk of cardiovascu-
lar malformations, renal abnormalities, and hypertension [42,43]. The malfor-
mations are associated with increased risks for aortic dissection and increased
mortality rates. Neck webbing and increased thoracic anterior-to-posterior di-
ameters are predictors for cardiovascular abnormalities [44].

In a series of 173 patients with Turner syndrome at a single center, the
following rates of cardiac malformations were reported [43]: any malformation
44.5%j aortic valve abnormalities (primary bicuspid aortic valve) 34.1%j; aortic
arch abnormalities (primarily coarctation) 19.1%j; systemic venous abnormal-
ities 8.1%; ventricular septal defects 5.2%; pulmonary venous abnormalities
4%; hypoplastic left heart/single ventricle 3.5%), atrial septal defects 1.7%; cor-
onary artery abnormalities 1.6%.

Coarctation/aortic valve disease—The prevalence of cardiovascular malforma-
tions in patients with Turner syndrome is variable across studies. Approxi-
mately 30% have aortic valve disease, while up to 30% have coarctation
[42,43,45-47]. Patients with the relatively common anomaly of a bicuspid
aortic valve are more likely to have other cardiovascular abnormalities, such
as aortic arch defects [43,47]. The variability among estimates could be due
to differences in the age group examined, the degree of mosaicism in the pop-
ulation, or a technical difficulty in visualizing the valvular defect using echocar-
diography. Usually, MRI will give better results than echocardiogram because
shield chest phenotype in patients with Turner syndrome can cause challenges
for reliable echocardiograms. The prevalence of cardiovascular malformations
seems to be higher in those with 45,X compared with those with a mosaic chro-
mosomal complement (45,X/46,XX) (38 vs 11%) [45]. Even when initial mag-
netic resonance imaging does not show aortic root dilation or coarctation,
subsequent imaging may show the development of these abnormalities during
the next 2 to 6 years [48].

Aortic dissection—Aortic dissection or rupture is an increasingly recognized
cause of death in women with Turner syndrome [49,50]. In a study of 166
women with Turner syndrome and 26 healthy controls, one-third of the pa-
tients had aortic size index values (ascending aortic diameters normalized to
body surface area) greater than the 95th percentile (2.0 cm/m?) [50]. After
3 years of follow-up, aortic dissections occurred in 3 patients (all 3 had an aortic
size index >2.5 cm/m?), for an annualized rate of 618 cases/100,000 woman-
years, approximately 100-fold higher than that seen in women of similar age
without Turner syndrome. In a report of 20 women with Turner syndrome
who had already experienced an aortic dissection, mean aortic size index as
2.7 £ 0.6 cm/m [2,51].

Pregnancy—Of greater concern is a possible increase in mortality due to aortic
dissection or rupture that has been reported in women with Turner syndrome
achieving pregnancy through in vitro fertilization (IVF) with oocyte donation
[562]. Therefore, before attempting to become pregnant, women with Turner
syndrome should undergo a complete medical evaluation, with particular
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attention paid to blood pressure, cardiovascular and renal function, as recom-
mended by the American Society of Reproductive Medicine [53].

To minimize the risk of dissection, the authors suggest close cardiovascular
monitoring in patients with Turner syndrome with a dilated ascending aorta
[37].

Hypertension—Hypertension is more common in women with Turner syn-
drome compared with controls [54-56]. In a series of 62 patients (age range
5-22 years) with Turner syndrome, 30% were mildly hypertensive and 50%
had an abnormal diurnal blood pressure profile as measured by 24-h ambula-
tory blood pressure monitoring [54], the physiologic nighttime dip in blood
pressure did not occur. Neither the presence of renal or cardiac abnormalities
nor treatment with growth hormone or estrogen had an effect on blood
pressure.

Other—Other cardiovascular anomalies have been reported in patients with
Turner syndrome. A prolonged QT interval has been reported in some series,
including in young children with Turner syndrome [57-60]. In a study of 93
women with Turner syndrome, 11 with 46,XX primary amenorrhea, and 25
normal controls, mean carotid intima-media thickness was increased to a
similar degree in the 2 hypogonadal groups, suggesting a primary role for es-
trogen deficiency [61]. However, the patients with Turner syndrome had addi-
tional abnormalities when compared with both the 46,XX primary
amenorrhea and control groups, including increased common carotid, aortic
root, and brachial artery diameters, suggesting additional genetic factor that
contribute to their vasculopathy.

Osteoporosis—Osteoporosis and fractures have been reported to be common in
women with Turner syndrome, thought to be due to both ovarian failure and
possibly haploinsufficiency for bonerelated X chromosome genes [62,63].
However, in some studies, patients who receive standard estrogen therapy
seem to have normal bone density when compared with age-matched healthy
women. As an example, in a study of 70 adult women with Turner syndrome
who underwent bone mineral density testing (by dual-energy x-ray absorptiom-
etry [DXA]), osteoporosis was diagnosed in 7 (10%), six of whom were more
than 45 years [64]. None of the women with osteoporosis had ever received
prolonged estrogen replacement. Fracture rates in the patients who had
received estrogen therapy were no different from age-matched controls while
in untreated patients, fracture rate was markedly elevated, radial fracture being
the most common.

Some of the osteopenia reported in patients with Turner syndrome may be
due to an underestimation of bone mineral density in short subjects. This was
suggested in a study of 40 adult women with Turner syndrome, in which oste-
oporosis was overdiagnosed in patients less than 150 cm tall unless bone min-
eral density measurements were adjusted for body size (and therefore bone
size). After adjustment for body size, the prevalence of osteoporosis and frac-
tures in patients with Turner syndrome who had been treated with estrogen
was the same as age-matched controls without Turner syndrome [65].
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However, the ideal controls to which patients with Turner syndrome should
be compared are women with ovarian failure and a normal karyotype, thereby
controlling for the ovarian hormone deficiency. In a study comparing 41
women with Turner syndrome to a control group of 35 karyotypically normal
women with premature ovarian failure, a selective reduction in cortical (fore-
arm) bone mineral density was seen in patients with Turner syndrome [66].
This difference persisted after adjustment for height, age of puberty, lifetime
estrogen exposure, and serum 25-hydroxyvitamin D concentrations.

Thus, there seems to be a selective reduction in bone mineral density in women
with Turner syndrome that is independent of ovarian hormone exposure.

Risk of malignancy—Women with Turner syndrome whose karyotype includes
a 'Y chromosome (such as 45,X/46,XY mosaicism), are at increased risk for go-
nadoblastoma, a neoplasm that occurs in dysgenetic gonads [67]. In a
population-based study that included 3425 women with Turner syndrome fol-
lowed for a mean of 17 years, 5 women, all with Y chromosome material,
developed gonadoblastoma (cumulative risk of 7.9% by age 25 years) [68].

These patients may also be at increased risk for other tumors. In the
population-based study noted above, the overall risk of cancer was not
increased, but site-specific risks were increased for meningioma, childhood
brain tumors, bladder, and uterine cancer (but not breast cancer), when
compared with the general population. However, the clinical importance of
this finding is unclear, as the number of cases was small.

The risk of breast cancer has been a concern in women with Turner syn-
drome who receive long-term postmenopausal hormone therapy, but no excess
risk has been reported thus far.

Ocular abnormalities—Ocular abnormalities are common among patients with
Turner syndrome [69]. Amblyopia, strabismus, ptosis, hypertelorism epican-
thus, farsightedness, and red-green color blindness have been noted in small
case series [70,71]. Keratoconus, glaucoma, anterior lenticonus, cataracts,
retinal vascular changes, and retinal detachment have been noted in case re-
ports [69,72].

Autormmune disorders—Turner syndrome is associated with an increased risk of
autoimmune disorders, most importantly hypothyroidism (Hashimoto’s
thyroiditis), celiac disease, and inflammatory bowel disease [32,73,74]. The
best evidence comes from a prospective study of autoimmune diagnoses in
women with Turner syndrome (n = 244) or karyotypically normal (46,XX)
primary ovarian insufficiency (POI; ovarian failure) (n = 457), compared
with normative data for the United States population of women [32]. Autoim-
mune hypothyroidism (Hashimoto’s thyroiditis) occurred in 37% of women
with Turner syndrome compared with 15% in women with POI; the preva-
lence in both groups was higher than that in normally cycling women (5.8%).

The prevalence of both inflammatory bowel disease and celiac disease was
significantly increased in Turner syndrome (4 and 2.7%, respectively), but
not in POIL No other autoimmune diagnosis, including type 1 diabetes or hy-
perthyroidism due to Grave’s disease, was increased.
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In the second study of 389 girls with Turner syndrome screened with IgA
antigliadin antibodies and/or antiendomysial antibodies, 25 (6.4%) had celiac
disease [75]. Of these, 10 had typical symptoms, 8 had atypical symptoms,
and 7 had no symptoms. The prevalence of celiac disease in the general pop-
ulation is estimated to be 1 in 184 (0.54%) [37].

Metabolic issues—Patients with Turner syndrome are at risk for metabolic dis-
orders. Insulin resistance, as measured by euglycemic clamp studies, is an early
metabolic defect in girls with Turner syndrome [76]. Abdominal adiposity is
lower and glucose tolerance better in growth hormone-treated girls with
Turner syndrome compared with untreated girls [13]. In addition, an increased
frequency of central obesity, insulin resistance, type 2 diabetes, and dyslipide-
mia has been reported in adult women with Turner syndrome when compared
with women without Turner syndrome [29].

Skin—Girls with Turner syndrome may be more likely than others to develop
pilomatricoma, an uncommon benign skin neoplasm thought to arise from cells
of the hair follicle [77-81]. In one study, these asymptomatic papules or nod-
ules that most typically develop as single lesions on the head or neck were iden-
tified in 8 of 331 patients (2.6%) with Turner syndrome; there was no
association between prior growth hormone therapy and the presence of skin
lesions [77]. Although the prevalence of pilomatricoma in the general popula-
tion is not known, it is thought to be considerably lower than 2.6%.

An increased rate of pigmented nevi has been reported in Turner syndrome
[80] especially after growth hormone treatment, but a higher rate of melanoma
has not; in fact, a lower rate has been observed [81]. It was previously thought
that the risk for keloid formation was increased in these patients, but that is no
longer the case.

Otologic Disorders—Perhaps the most common medical problem experienced
by girls with Turner syndrome is bilateral otitis media. Anderson and co-
workers [82] first described medically significant middle ear pathology in girls
with Turner syndrome, with many recurrent episodes, spontaneous perfora-
tions, frequent need for surgical treatment, and significant hearing loss in about
25%. Additional studies confirmed the problem of recurrent, often refractory,
otitis in Turner syndrome, usually associated with conductive hearing loss
and correlated with karyotypes demonstrating loss of the G chromosome short
arm, XP [83-86].

The chronic and severe otitis does not seem to be related to a specific or
generalized immunologic dysfunction. Other types of infections and disorders
of the mucous membranes do not occur with increased frequency in Turner
syndrome. It seems rather that the frequent otitis may be the consequence of
abnormalities in the growth of the cranial base disturbing the relationship of
the middle ear to the Eustachian tube, which coupled with abnormalities in
the shape of the palate, create a predisposition to fluid collection and secondary
infection.

Conductive hearing loss is most common and severe in children and is corre-
lated with middle ear pathology [83], whereas sensorineural hearing loss is



TURNER SYNDROME 187

more common in adults. This sensory defect is generally bilateral and charac-
terized by symmetric sensorineural dips in the audiogram in the midfrequency
range. Thus, the sensorineural hearing deficit seems to progress over time and
is not strictly a congenital abnormality. There remains a significant conductive
component of hearing loss in adults with Turner syndrome that may signify
ongoing middle ear pathology [83]. The assiduous treatment of ear, nose,
and throat problems in childhood and avoiding potential injuries to the inner
ear may reduce the risk of hearing loss.

Liver disease—Minor elevations of hepatic aminotransferases are common in
girls and women with Turner syndrome, usually in the absence of signs or
symptoms of liver disease. Approximately 20% to 25% of girls [87] and 40%
of women [88] demonstrate abnormal liver function tests including aspartate-
, alanine-, and gamma-glutamyl transferaseand, less commonly, alkaline phos-
phatase. In some cases, liver enzyme elevations may be associated with phar-
macologic estrogen, progestin, or oxandrolone treatments [87,89], but over
the long-term estrogen treatment is associated with the normalization of hepatic
enzymes [88]. Among 100 girls from age 7 to 17 evaluated in the NIH natural
history study between 2002% and 2007%, 27% had modest transaminase eleva-
tion that was not correlated with growth hormone (GH) or estrogen use, nor
with fatty infiltration observed on liver ultrasound [90]. Aside from a rare
case report, there does not seem to be any association between autoimmunity
and hepatic abnormalities. Liver biopsies in adults with typical enzyme abnor-
malities have not consistently defined any unique or diagnostic pathology in
women with Turner syndrome [91]. Roulot and coworkers have suggested he-
patic disorder may be linked to intrinsic vascular disease. Gravholt and col-
leagues reported an increased frequency of cirrhosis in a Danish National
Health registry study, but this has not been observed in clinical series on health
in patients with Turner syndrome.

MANAGEMENT

Once the diagnosis of Turner syndrome has been established and a chromo-
somal confirmation established, additional diagnostic procedures are indicated.
These diagnosis and management strategies have been published as recommen-
dations from consensus workshops [92].

Imitial and Follow-up Evaluation—Screening studies at the time of diagnosis and
ongoing monitoring for age groups are summarized in Table 2. All newly diag-
nosed patients require a thorough cardiovascular evaluation. Blood pressure
should be measured in all 4 extremities, and 24-h ambulatory monitoring
may be helpful in detecting nocturnal hypertension in girls as disappearance
of the night time dip in blood pressure is one of the earliest signs of beginning
hypertension. Routine renal ultrasound may detect structural abnormalities in
renal architecture or collecting system anatomy. If no abnormalities are pre-
sent, follow-up studies are not routinely indicated. If significant abnormalities
are detected, follow-up evaluation and therapy may be indicated and long-
term screening for urinary tract infection may be necessary. Scoliosis and
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Table 2

Recommendations for screening in Turner syndrome (excluding cardiac and neuropsycholog-
ical screening recommendations)

After Diagnosis After Diagnosis
At diagnosis (Childhood) (adults)
Weight/BMI Yes Every visit Every visit
Blood pressure Yes Every visit Every visit
Thyroid function tests Yes Annually beginning  Annually
(TSH and T4 or free T4) around 4 y of age
Lipids Annually if ot least 1

cardiovascular risk
factor® or regional
recommendation

Liver enzymes (ALT, AST, Annually after Annually
GGTP, and alkaline 10 years of age
phosphate)
HbATc with or without Annually after Annually
fasting plasma glucose 10 years of age
25-hydroxyvitamin D Every 2-3 y after Every 3-5y
9-11y of age
Celiac screen Starting at 2 y; With suggesting
thereafter, every 2y  symptoms
Renal ultrasound Yes
Audiometric evaluation YesP Every 3y Every 5y
Ophthalmologic Yes® Every 3y
examination
Dental evaluation Yes, if no previous
care has been
established

Clinical investigation for  Yes, in newborns
congenital hip dysplasia

Skin examination Yes Annually Annually

Bone mineral density Every 5 y and when
discontinuing
estrogen

Skeletal assessment Spine radiographs

at 5-6 y and at
12-14 y of age

The recommendations are for screening only. A clinical suspicion of active disease should always lead to
relevant investigations. For details, please refer to UpToDAte topic text, or to the guideline cited later in
discussion.

Abbreviations: ALT, alanine aminotransferase; AST, Aspartate aminotransferase; BMI, body mass index;
GGTP, Gamma-glutamyl transpeptidase; HbAlc, hemoglobin Alc; T4, thyroxine; TSH, Thyroid-stimulating
hormone.

°Cardiovascular risk factor: hypertension, overweight, tobacco use, diabetes, and physical inactivity.

BWhen 9 to 12 month old.

“When 12 to 18 month old.

From Gravholt CH et, al; International Turner Syndrome Consensus Group. Clinical practice guidelines
for the care of girls and women with Turner syndrome: proceedings from the 2016 Cincinnati International
Turner Syndrome Meeting. Eur J Endocrinol. 2017 Sep;177(3):G1-G70. https://doi.org/10.1530/EJE-
17-0430. PMID: 28705803.
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kyphosis are evaluated at diagnosis and during growth. If noted, the degree
and cause of scoliosis should be determined radiographically.

Otologic and ophthalmologic consultations should begin by age 2 to 3 years
and continue as clinically indicated. Otitis media is extremely common and
should be treated vigorously. Myringotomy and polyethylene tube placement
are considered the primary modes of therapy for serous otitis media in Turner
syndrome. The high prevalence of hearing loss, either primary or secondary to
residual serous otitis media, mandates that regular EN'T evaluation with audi-
ometry is needed for most patients. In infancy, feeding measures such as spe-
cific bottles and nipples often used for patients with cleft palate may also be
indicated. Because abnormalities in speech may be a consequence of palatal
deformity, speech evaluation is needed for most girls by age 7, as the narrow
palate and small jaw cause malocclusion and crowded dentition frequently
requiring orthodontic treatment.

Screening for autoimmune thyroid and celiac diseases begins at age 4 and
includes thyroxine, thyroid-stimulating hormone, antithyroid antibodies, and
tissue transglutaminase antibodies. Subsequently, thyroxine and thyroid-
stimulating hormone or thyroid-stimulating hormone alone should be deter-
mined at 1- to 2-year intervals. Geliac screen is usually repeated every few
years or as indicated by signs or symptoms. Metabolic screening including liver
function tests, renal function tests, fasting glucose, or hemoglobin Alc and
lipids should commence at about age 10 or earlier in the context of excess
adiposity.

Hypertension is common in Turner syndrome, and blood pressure should
be measured at each visit. In addition, 24-h ambulatory monitoring is ideal
for detecting nocturnal or stress-related hypertensive episodes that may support
the introduction of antihypertensive treatment.

The decision to seek consultation for plastic surgery to correct the webbed
neck deformity or the forwardly displaced ears is individual. It must be pointed
out to the patient and family that in addition to the webbing, the neck may also
be short. Therefore, cosmetic surgery may be somewhat disappointing. In
some cases, however, satisfactory results are achieved. Potentially increased
keloid formation after plastic surgery should be discussed with the patients.

If, or when, psychometric testing should be performed is an individual fam-
ily decision. Nevertheless, a preschool evaluation to rule out major areas of
cognitive dysfunction might be advisable. School performance should be moni-
tored, and specific problems should be attended to with skilled cognitive spe-
cialists. Girls with hearing loss will benefit from preferential seating in the
classroom, and those with attention deficit disorder (ADD) may benefit from
untimed testing in school when appropriate. The Turner Syndrome Society
of the United States (www.turnerysyndrome.org) is an excellent resource.

Growth hormone—In the 1990s, recombinant human growth hormone (GH)
was shown to increase growth velocity and final adult height for girls with
Turner syndrome. Rosenfeld and coworkers demonstrated a gain in height
compared with historical controls [92] and Sas and colleagues showed a clear
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dose-response effect with increasing GH doses associated with increasing
height [93]. The first randomized study with an untreated contemporaneous
control group showed that adult height was increased by about 7.3 cm after
an average duration of 5.7 years of treatment, at a dose of 0.3 mg/kg/wk
[94], which is lower than the current recommended dose of 0.375 mg/kg/wk.
Very young girls 9 months to 4 years of age treated with GH maintained a
normal growth rate compared with untreated Turner controls [95]. The results
of a randomized, double-blind, placebo-controlled study begun at the NI in the
Netherlands in 1987 showed an average gain in adult height of 3 cm with GH
alone, and 5 cm with GH combined with prepubertal treatment with ultra-low-
dose ethinyl estradiol [96]. The ethinyl estradiol dose for girls younger than 12
in the NIH study was less than 1 pg/d, compared with 20 pg in the low-dose
birth control pill. These findings are consistent with a growth promoting effect
of low, nonfeminizing estradiol levels in the prepubertal years. The growth-
enhancing effects of low-dose estradiol are in contrast to the growth-
mhibiting effect of feminizing doses of estrogen used to induce pubertal devel-
opment [97], which is associated with epiphyseal fusion. Ranke and colleagues
analyzed height prediction for GH treatment in Turner syndrome [98]. Height
at the start of treatment, GH dose, and duration of treatment are identified as
important predictive factors.

GH treatment has been evaluated for safety in a group of approximately
5000 girls with Turner syndrome followed for 10 to 20 years in the Genetech
National Gooperative Growth Study [99]. An increased frequency of intracra-
nial hypertension (pseudotumor cerebri), scoliosis, and slipped epiphyses was
noted, as well as an unexpected higher incidence in the diagnosis of type 1 dia-
betes. On the beneficial side, GH treatment tends to normalize body propor-
tions, although foot size is disproportionally enlarged [100]. GH treatment
has beneficial effects on body composition, as shown in a comparison of age-
matched girls who have never received GH (n = 26) to girls treated with
GH (n = 76) participating in the NIH natural history study. BMI and visceral
adiposity were significantly greater and glucose tolerance significantly worse in
the untreated group (off GH treatment of 2 weeks before and during the
study), with effects apparent years after the discontinuation of therapy [101].

GH treatment seems to have no adverse effects on the cardiovascular system
over short-term follow-up, with body size-adjusted ventricular and aortic di-
mensions similar in treated and untreated patients [102,103]. Moreover, sys-
temic lipids and aortic compliance were relatively better in girls treated with
high-dose GH. A comparison of cortical and trabecular bone in GH-treated
and age-matched untreated controls with Turner syndrome reveals no
apparent effect of GH treatment on bone mineral density [104].

Late diagnosis of Turner syndrome in girls age 10 and older is a common
problem that compromises the attainment of optimal adult stature. In the
past, such girls were treated with GH for several years and induction of pu-
berty was delayed to age 15 or older. Such a delay in puberty is now viewed
as detrimental to social and sexual development and may impair optimal bone
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mineralization. Statural growth in these girls may be increased by treatment
with the nonaromatizable androgen oxandrolone at a dose of 0.05 mg/kg/
d or less, in addition to GH, which may augment growth by up to 4 cm, usually
without virilizing effects [105,106]. Oxandrolone is also used to enhance stature
when GH is not available, but patients and families must be warned about po-
tential adverse metabolic effects and diminution of breast development associ-
ated with androgen treatment.

GH treatment usually begins at the standard recommended dose of 0.05 mg/
kg/d, with close monitoring for height velocity, IGF1 level, and potential
adverse effects of intracranial hypertension, scoliosis, and slipped capital epiph-
yses. Treatment of 3 to 4 years is usually required to experience significant
height gain and is discontinued when the target height is attained, when
bone age is greater than 14 years, or when growth velocity is less than
1.5 cm per year. It is important to keep in mind that the safety data for GH
in Turner syndrome represent intermediate-range follow-up of girls in whom
treatment was typically initiated in mid-childhood and continued for several
years at the preceding dosage. Although reaching an adult height of 5 feet or
greater seems desirable from many points of view, there are as yet no proven
medical or psychosocial benefits to this pharmacologic achievement, and hence
safety should never be compromised to this end.

Extensive reviews of the emerging field of long-acting growth hormone
(LAGH) have recently seen published, including by the author of this article
[107-109]. The approaches taken for the development of LAGH preparations
vary and can influence the pharmacokinetics and/or the pharmacodynamics of
rhGH. To date, LAGH preparations have been developed using various ap-
proaches to prolong GH action, including forming emulsions (using gelatin
and triglycerides), GH encapsulation (using degradable microspheres), GH pe-
gylation, GH conjunction (to albumin or amino acid “tails”’), and GH fusion
proteins (by means of linking an inert peptide with thGH at a region that
does not interact with the growth hormone receptor) [107,109].

As the era of LAGH approaches, we need to consider whether there will be
additional safety risks of LAGH compared with daily rhGH. In this regard, we
need to consider issues related to the persistent elevation of GH and GH-
related biomarkers, such as IGF1, as well as issues related to the mechanism
of making GH long acting. Depending on the structure of LAGH, there may
be off-target effects due to components of LAGH not present in thGH. Treat-
ment with daily thGH given at bedtime attempts to mimic the normal daily
profile of increased GH production overnight. However, daily rhGH is a single
peak of GH action, which differs from the physiologic GH production of mul-
tiple GH pulses of different durations and intensities. Thus, our current daily
rhGH treatment regimen does not provide a physiologic GH profile. LAGH
products will likely have different pharmacokinetic profiles of GH release
from the injection site into the bloodstream, to the target tissue, and to the
GH receptor. The peak and trough levels of IGF1 during daily thGH and
LAGH therapy have been an area of intense debate. The goal of GH therapy
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has been to increase the IGF1 to promote growth. It remains to be determined
whether LAGH will achieve similar or better growth than daily rhGH and
whether individualizing LAGH therapy to target IGF1 to the upper part of
the normal range would improve efficacy without decreasing safety. Due to
the differing pharmacodynamics profile or different forms of LAGH, it will
be important to determine the best time to measure IGF1 for safety and efficacy
[110].

Puberty—As noted earlier, spontaneous puberty develops in 10% to 30% of
girls with Turner syndrome. The higher rate applies mainly to girls with mosa-
icism for cells with more than one X chromosome, but a significant number of
girls with less favorable chromosomal constitutions will also start puberty on
their own. Aside from karyotype, the major indicators of potential natural pu-
bertal onset are normal-range values for FSH and anti-Mullerian hormone
(AMH). AMH may be particularly informative, because hormone levels
directly reflect the presence of developing ovarian follicles and hence potential
fertility [111]. Pelvic ultrasound may be helpful, although failure to visualize
ovarian tissue does not preclude the presence of follicles. Patients and families
are often very interested in potential fertility, and the clinician needs to have
this information to provide counseling about reproductive options (discussed
later). In most girls more than the age of 10, FSH will have elevated into the
menopausal range, and AMH will be undetectable with pelvic ultrasound
showing no evidence of ovaries and an immature uterus; these patients will
need pubertal induction and maintenance estrogen/progestin treatment.

The aim of estrogen treatment in Turner syndrome is to mimic the beneficial
effects of endogenous estrogen in breast and genital development, healthy fat
distribution, and bone mineralization, while minimizing the risk for estrogen-
associated gynecologic cancers and thrombogenic complications. In the past,
the choice for estrogen treatment was limited to metabolized estrogens purified
from pregnant mare urine (conjugated equine estrogens [CEE], ‘“Premarin.”),
and the highly potent, synthetic ethinyl estradiol (EE2). In recent years, trans-
dermal patches containing the natural ovarian product, 17-beta estradiol have
become available and are now the preferred delivery method. In addition to
replicating the molecular action of the ovary’s natural hormone, this formula-
tion is directly absorbed into the venous circulation, bypassing first-pass hepatic
effects associated with excessive production of prothrombotic proteins. More-
over, the administration of transdermal estradiol allows the measurement of
estradiol levels in the circulation, which may be helpful for monitoring adher-
ence. Because estradiol levels vary widely throughout the monthly cycles in eu-
gonadal females, target estradiol levels in pharmacologic treatment are not
known. In sexually mature girls, the average daily ovarian estradiol production
over the monthly cycle is 100 pg/d, which is approximated by transdermal
patches delivering 100 pg/d. Physiologic estradiol repletion is not expected to
normalize the FSH level, because FSH secretion is jointly regulated by estrogen
and other ovarian products such as the inhibins. Thus, suppression of FSH is
not a measure of adequate estrogen therapy.
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Current recommendations for estrogen treatment of the induction of puberty
suggest beginning the therapy at age 12 for most girls [112]. The aim of treat-
ment is to initiate development with the lowest possible dose so that sexual
maturation will begin on par with peers, while avoiding premature fusion of
the epiphyses that would limit growth in stature. Thus, breast development
and bone age are evaluated at 6-month intervals during estrogen treatment
of pubertal induction. A sufficient phase of “unopposed” estrogen exposure
is required for optimal breast development, and androgen or progesterone
treatments may inhibit optimal development. Thus, oxandrolone should be dis-
continued before the initiation of estrogen treatment, and progestins should not
be initiated until breast development is satisfactory. Some girls with prominent
stigmata of fetal lymphedema may have damaged breast anlage and demon-
strate minimal development in response to estrogen. These girls may benefit
from breast implantation surgery, if so inclined.

Progestin treatment is necessary to suppress estrogen’s proliferative effect on
the uterine endometrium and should be introduced after 1 to 2 years of unop-
posed estrogen treatment, or sooner if breakthrough bleeding occurs. This
recommendation is given because chronic exposure to estrogen treatment, in
the absence of progestin effect, leads to endometrial hyperplasia and risk for
hemorrhage and neoplasia. The most physiologic form of progestin is proges-
terone, which is available in a micronized form for oral administration and in
cream and gel form. Regrettably, there have been no controlled studies to
establish the most effective form of estrogen/progestin treatment of girls with
Turner syndrome. The accepted dose of oral micronized progesterone proven
to protect the uterus is 200 mg taken at bedtime for the last 10 to 12 days of a
monthly cycle, or the last 20 to 30 days of a trimonthly cycle. Progesterone is
soporific and hence the bedtime administration. The efficacy of topical proges-
terone in preventing uterine hyperplasia is unknown. More androgenic, syn-
thetic progestins such as medroxyprogesterone or norethindrone may inhibit
optimal breast and uterine development and have unfavorable metabolic effects
in some individuals, although these agents are effective in endometrial
protection.

Patients and families must be educated as to the importance of this physio-
logic hormone treatment regimen for healthy growth and development, espe-
cially with regard to building and maintaining strong bones. Discontinuation
of hormone therapy during young adulthood is all too common and may result
in irreversible loss of bone minerals especially in the spine, leading to height
loss, kyphosis, and chronic pain and disability. Families may have legitimate
concerns about the risks of heart disease and cancer associated with hormone
replacement therapy, and it must be explained that these adverse effects were
observed in postmenopausal women receiving less physiologic forms of treat-
ment. It is also important to discuss “natural” hormones that are widely touted
on women’s health sites as an alternative to standard treatments underlining
the fact that these products are not known to be effective or safe. Many older
girls and young women may prefer taking oral or transdermal contraceptive
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formulations for reasons of convenience, tolerability, or financial concerns.
Although these are not the most physiologic choices and have greater throm-
bogenic risk, estrogen/progestin contraceptive formulations are effective in
maintaining bone mineralization and protecting the uterus.

It is important to point out that spontaneous puberty, even with menses that
seem cyclic, does not always mean that normal ovulatory cycles are occurring
or will continue to occur. Some girls have anovulatory cycles that do not
achieve normal endometrial maturation and predispose them to endometrial
hyperplasia, dysfunctional bleeding, or cancer. Irregular cycles may lead to
the discontinuation of treatment in many cases. Every effort should be made
to educate patients and parents as to the importance of continuing hormone
replacement, with openness to consultation with experts in adolescent gynecol-
ogy and adoption of alternative regimes such as oral contraceptive treatment
that may ensure continued adherence. Girls with irregular cycles may still
have an occasional ovulatory cycle and, if sexually active, are at risk for un-
planned pregnancy. For these girls, contraceptive formulations may be the
best choice for hormone therapy.

Hormone treatment requires regular breast examinations, and patients
should be instructed about monthly self-examination. Girls who become sexu-
ally active need regular gynecologic follow-up with annual pelvic examinations
and Pap tests. Regular discussion of issues of concern related to sexual matu-
ration and counseling on the need for ongoing hormone treatment to maintain
strong bones will be of paramount importance. There is no need to measure
bone mineral density during childhood or adolescence unless there is an un-
usual clinical concern-for example, a low-impact or atraumatic fracture. Short
stature is associated with the underestimation of bone mineral density obtained
by DXA and results need to be normalized for bone size [113]. Size-adjusted
vertebral bone mineral density is usually normal in adults with Turner syn-
drome that have received routine hormone replacement treatment, but it
may decline dramatically with the discontinuation of treatment [114]. Bone
mineral density of the hip and wrist is often lower than normal, reflecting a se-
lective reduction in cortical bone that is not sensitive to estrogen [115] but may
reflect the SHOX defect in bone.

Reproductive options—About 2% of women with Turner syndrome may have
spontaneous pregnancies. Assisted reproduction using donor oocytes with
in vitro fertilization has been successful when the uterus has been given
adequate hormonal preparation before embryo transfer [116]. However, both
spontaneous and assisted pregnancies are associated with a high risk for
maternal complications, including catastrophic aortic dilatation, dissection,
and rupture [117]. In most well-documented cases, the women had preexisting
risk factors for dissection such as bicuspid aortic valve or aortic coarctation,
although these problems were often not detected before pregnancy due to inad-
equate screening [118]. Patients known to have such defects should be coun-
seled about alternatives to pregnancy such as adoption or surrogacy. If not
already done, girls and young women with Turner syndrome should have a
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cardiovascular MRI before getting involved in counseling about reproductive
options, because significant aortic malformations are often not detected on
routine echocardiography and their presence would discourage planning for
pregnancy. Girls with ovarian function may be candidates for the cryopreser-
vation of recovered oocytes or ovarian tissue obtained by laparoscopy [116]
given the very high probability of premature ovarian failure. This technology
has been successful in preserving fertility for girls and women undergoing can-
cer treatment, although pregnancy resulting from this approach has not yet
been reported in Turner syndrome. Girls and families interested in this possi-
bility should be referred to reproductive endocrinology specialists associated
with an academic medical center for consultation.

Psychological and educational issues—Psychologic assessment should be part of the
initial evaluation and ongoing management plan for each child with Turner
syndrome. Assessment of intellectual skills, learning skills, motor skills, and so-
cial maturity is recommended before enrollment in preschool programs [119].
Intelligence is usually normal, except in the rare patient with a tiny X-ring chro-
mosome, who may have severe mental retardation because tiny X-ring chro-
mosomes fail to undergo X inactivation [120,121].

Although most individuals with Turner syndrome have normal intelligence,
there are increased risks for selective impairment in nonverbal skills [5,122].
This may include deficits in social cognition; difficulty with nonverbal
problem-solving tasks such as mathematics; psychomotor deficits, such as
clumsiness; and problems with visual-spatial organization, which may cause
difficulty driving [18]. There is also an increased risk of attention deficit disor-
der. By contrast, verbal skills are often strong. These neurodevelopmental ab-
normalities may result from the X chromosome monosomy or from sex steroid
deficiencies due to gonadal dysgenesis.

Imprinting by material from the paternal X chromosome was suggested in
one report, implying that social functioning is influenced by an imprinted
gene on the X chromosome that is switched off when this gene is inherited
from the mother [123]. The existence of such a gene may partly explain the
male—female differences in social cognition; it does not, however, provide an
explanation for all psychological findings in Turner syndrome. Such an expla-
nation would most likely involve an interplay between many genes and inter-
acting environmental factors.

As these young women make the transition to independent living, counselors
should stress that their learning difficulties do not disappear with age.

Family support—Information for caregivers and patients can be obtained from:

Turner Syndrome Society of the United States Tel: 1 to 800 to 365 to 9944
www.turnersyndrome.org

Turner Syndrome Society of Canada Tel: 1 to 800 to 465 to 6744
www.TurnerSyndrome.ca

Turner Syndrome Society of UK Tel: +44(0)1389 to 380385
www.tss.org.uk/
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http://www.tss.org.uk/
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SUMMARY

* Turner syndrome, the most common sex chromosome abnormality (loss of part
or all of an X chromosome), affects approximately 1 in every 2500 liveborn
female newborns. It is a disorder of growth and development that is almost
always associated with short stature and primary amenorrhea due to early
ovarian failure.

* Girls/women with Turner syndrome whose karyotype includes a Y chromosome
(such as 45,X/46,XY mosaicism) are at increased risk for gonadoblastoma, a
neoplasm that occurs in dysgenetic gonads. These patients require
gonadectomies.

e Patients with Turner syndrome are at increased risk for cardiovascular
morbidity, presumably due to their risk of cardiovascular malformations, renal
abnormalities, and hypertension. Abnormalities include aortic valvular disease,
aortic arch anomalies (primarily coarctation), systemic venous abnormalities,
ventricular septal defects, and hypoplastic left heart syndrome. Patients are at
risk for aortic dissection, particularly during pregnancy.

* Osteoporosis and fractures are common in women with Turner syndrome,
thought to be due to both ovarian failure and possibly haploinsufficiency for
bone-related X chromosome genes.

e Girls with Turner syndrome are more likely than girls without Turner syndrome to
develop abdominal obesity, insulin resistance, and type 2 diabetes; all may
improve with growth hormone therapy. Patients with Turner syndrome are at
increased risk for autoimmune endocrinopathies, most importantly,
hypothyroidism.

* The diagnosis of Turner syndrome is sometimes made at birth in the patient with
classic physical features such as webbed neck and congenital lymphedema.
Other patients are diagnosed later, when they present with either growth failure
in childhood, failure to enter or complete puberty, or early ovarian failure.

CLINICS CARE POINTS

Turner syndrome, the most common sex chromosome abnormality (loss of part
or all of an X chromosome), affects approximately 1 in every 2500 liveborn fe-
male newborns. It is a disorder of growth and development that is almost al-
ways associated with short stature and primary amenorrhea due to early
ovarian failure.

Girls/women with Turner syndrome whole karyotype includes a Y chromosome
(such as 45,X/46,XY mosaicism) are at increased risk for gonadoblastoma, a
neoplasm that occurs in dysgenetic gonads. These patients require
gonadectomies.

Patients with Turner syndrome are at increased risk for cardiovascular
morbidity, presumably due to their risk of cardiovascular malformations, renal
abnormalities, and hypertension. Abnormalities include aortic valvular disease,
aortic arch anomalies (primary coarctation), systemic venous abnormalities,
ventricular septal defects, and Kypoplcsﬁc left heart syndrome. Patients are at
risk for aortic dissection, particularly during pregnancy.
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¢ Osteoporosis and fractures are common in women with Turner syndrome,
thought to be due to both ovarian failure and possibly haploinsufficiency for
bone-related X chromosome genes.

* Girls with Turner syndrome are more likely than girls without Turner syndrome to
develop abdominal obesity, insulin resistance, and type 2 diabetes; all may
improve with growth hormone therapy. Patients with Turner syndrome are at
increased risk for autoimmune endocrinopathies, most importantly,
hypothyroidism.
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