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Healthcare for Adolescents with Turner Syndrome
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Abstract. This review paper highlights important health-
care issues for adolescents with Turner Syndrome. Turner
Syndrome potentially affects multiple organ systems in-
cluding: cardiovascular, renal, endocrine, neurologic, gas-
trointestinal, skin, skeletal, auditory, and reproductive
systems. Congenital and acquired cardiac defects remain
the most significant health problem faced by women with
Turner Syndrome.
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Introduction

Turner syndrome (TS), also known as ovarian/gonadal
dysgenesis, is the most common anomaly of the sex
chromosomes. It affects approximately 3% of all fe-
male conceptuses and is found in approximately
15% of analyzed abortus material. Although most em-
bryos with a 45X genetic makeup will abort and only
1 in 100 progresses to term, it has been estimated that
TS affects 1 in 2500 newborn females, resulting in
a worldwide prevalence of 1.5 million women with
TS.1,2

Genetically, TS is characterized most commonly
by a monosomy 45X karyotype.3 The X-chromosome
is of maternal origin in approximately two thirds of
TS patients and of paternal origin in the remaining
one third.4,5 The remainder of karyotypes may have
an abnormal X chromosome or are mosaic, such as
those that share a 46XX or 46 XY cell line. Mosaic

Address correspondence to: Yolanda R. Smith, MD, MS, Depart-
ment of Obstetrics and Gynecology, University of Michigan

Health Systems, 1500 E. Medical Center Drive, Room L4224,
Women’s Hospital, Ann Arbor, Michigan 48109-0276; E-mail:

ysmith@umich.edu
� 2006 North American Society for Pediatric and Adolescent Gynecology
Published by Elsevier Inc.
TS patients typically have a less pronounced pheno-
typic expression.6

Henry Turner first described this syndrome in 1938
among seven young women with sexual infantilism,
congenital webbed necks, short stature, and cubitus
valgus.7 TS has since been found to affect a wide
spectrum of organ systems to varying degrees. Addi-
tional clinical features of TS may include cardiovas-
cular, endocrine, renal, gastrointestinal, skin, bone,
hearing, and neurologic defects. The multiple organ
systems potentially affected in girls with TS may have
dramatic implications on the overall health status of
adolescents with this syndrome, and these health
issues should be addressed in a comprehensive, syste-
matic manner. In addition, the reproductive health
implications of ovarian dysgenesis, including hormone
therapy both for development of secondary sexual
characteristics and for increasing bone mineral density,
as well as issues surrounding fertility, are growing
areas of interest. A summary of health maintenance
issues for adolescents and young adults is presented
in Table 1.

Cardiovascular System

Cardiovascular disease, particularly congenital heart
disease and aortic dissection, is a main concern in pa-
tients with TS and accounts for the increased early
mortality among this patient population.9 The most
common congenital cardiovascular abnormality diag-
nosed in patients with TS is a bicuspid aortic valve.
This may be found in isolation or in association with
coarctation of the aorta.10

Careful clinical assessment and echocardiogram
are mandatory in the evaluation of TS patients.11

The National Cooperative Growth Study, a registry
of 955 girls with TS, reported abnormal cardiac find-
ings in 28% when physical examination and imaging
evaluations were included.12 Furthermore, a recent
3D magnetic resonance angiography study of the tho-
racic great vessels in 85 women with TS identified
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Table 1. Health Maintenance Issues in Women with Turner’s Syndrome

Adolescence Young Adulthood

Heart � Echocardiogram
� If abnormal, Cardiology consult
� If normal, repeat every 3e5 years

� Echocardiogram
� Repeat every 3e5 years

Blood Pressure � Evaluate at each visit
� Treat hypertension aggressively

� Evaluate at each visit
� Treat hypertension aggressively

Kidneys � Renal ultrasound at diagnosis
� Check urinalysis yearly only if renal/collecting

system anomalies present
� Treat urinary tract infections aggressively

� Treat urinary tract infections aggressively
� Check urinalysis yearly only if renal/collecting

system anomalies present

Thyroid � TSH yearly � TSH yearly

Glucose Tolerance � Fasting glucose not recommended for routine
screening

� Fasting glucose every 1e2 years

Cholesterol � Fasting lipid profile once during adolescence � Fasting lipid profile every 1e2 years

Cognition � Early assessment of strengths and weaknesses
� Educational interventions as needed
� Vocational planning

� Educational interventions as needed
� Vocational planning

Gastrointestinal � Check liver function enzymes yearly � Check liver function enzymes yearly

Skin � Evaluate yearly
� Sunscreen education
� Minimize potential scars

� Evaluate yearly
� Sunscreen education
� Minimize potential scars

Bone � Estrogen therapy
� Calcium 1200 mg / day Vitamin D
� Weight-bearing exercise
� DEXA scan (baseline in late adolescence)
� Screen for scoliosis

**Avoid bisphosphonates (long half-life)
as pregnancy is possible with donor
oocyte IVF

� Continue estrogen, calcium, and vitamin D intake
� Continue weight-bearing exercise
� Periodic DEXA scans depending on treatment and

baseline DEXA
**Avoid bisphosphonates

Hearing � Treat otitis media aggressively
� Periodic hearing examinations

� Periodic hearing examinations

Growth Hormone Therapy � Start between the ages of 2e5 years
� Discontinue when approaching targeted final height

(bone age 5 15 years)

� Not indicated

Estrogen Therapy � Start one year before anticipated completion
of GH therapy

� Start with low dose CEE 0.3 mg q.o.d. or estradiol
0.5 mg q.o.d.

� Evaluate periodically (i.e. every 3 months)
� Incrementally increase frequency and dose
� Once breasts developed, maintenance dose of either

conjugated equine estrogens 0.9e1.25 mg daily
or estradiol 2 mg daily with cyclic progestin
or low dose oral/patch
contraceptive

� Continue maintenance dose hormone therapy

Reproductive health � Sexual education
� Pap smear per ACOG guidelines8

� STD screening
� Discuss fertility issues
� For those with ovarian function, discuss contraception

� Sexual education
� Pap smear per ACOG guidelines
� STD screening
� Discuss fertility issues
� For those with ovarian function, discuss contraception

and risk of early ovarian failure

ACOG Committee on Practice Bulletins. ACOG Practice Bulletin: clinical management guidelines for obstetrician-gynecologists. Number
45, August 2003. Cervical cytology screening (replaces committee opinion 152, March 1995). Obstet Gynecol 102:417-27, 2003 Aug.8
unsuspected structural anomalies, with deviations of
the aortic arch in 49% of subjects and coarctation of
the aorta in 7%.13

In addition, women with TS may develop various
cardiac problems. The risk of aortic root dilatation
is reported at 8% to 28%,14 and may develop even
in women with no known underlying cardiac pathol-
ogy. This is the major reason for the need to continue
cardiac monitoring even with prior normal evalua-
tions. In addition, subsequent calcification of the
aortic valve may lead to stenosis or regurgitation. Is-
chemic cardiac disease and hypertension are other
conditions that may develop over time.10

When a patient is diagnosed with TS, the ideal car-
diac evaluation consists of an echocardiogram and
cardiology consultation. If no cardiovascular abnor-
mality is found initially, then repeat evaluations are
recommended every three to five years. Annual car-
diac evaluations, including blood pressure measure-
ment, are recommended.15 The risk of hypertension
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is three-fold in TS patients when compared to the gen-
eral population.16 Adequate blood pressure control is
imperative for preventing aortic root dilation.

In a comparison of echocardiography and magnetic
resonance imaging (MRI) to detect cardiovascular
anomalies, the two imaging modalities were found
to be complementary in terms of information pro-
vided, leading to the conclusion that obtaining both
imaging studies is ideal. MRI may be of most value
for patients with a bicuspid aortic valve, those desir-
ing oocyte donation to carry a pregnancy, and for sit-
uations in which echocardiography is ambiguous. If
MRI is not available, then echocardiography should
be universal.17

Patients with left-sided cardiac anomalies are at an
increased risk for endocarditis. Therefore, prophylac-
tic antibiotics are strongly recommended for TS pa-
tients who are to undergo procedures putting them
at risk for blood borne bacterial contamination.18,19

Patients who desire fertility via assisted reproduc-
tive technology using donor oocytes and embryo
transfer are at an increased risk of cardiovascular
complications such as aortic dissection and exacerba-
tion of hypertension.20 In a large survey of TS patients
undergoing donor oocyte treatment, a 2% or higher
risk of maternal mortality was estimated. The study
also showed that only half of the patients had been
screened adequately for cardiovascular abnormalities
prior to treatment.21

Renal System

Women with TS have a nine-fold higher risk of con-
genital renal anomalies than the general population,16

and the vast majority of these defects may be detected
by renal ultrasound. The National Cooperative
Growth Study reported abnormal renal findings in
20% of girls with TS.12 Examples of such anomalies
include horseshoe kidneys and collecting duct abnor-
malities. Routine screening for renal abnormalities by
ultrasound is recommended. In a study of Turkish pa-
tients with TS, ultrasonographic evaluation showed
that structural malformations of the kidney were more
commonly found among patients with a 45X
karyotype, while collecting duct anomalies were more
common among mosaic/structural forms of TS.22

Potential risks of renal system abnormalities in-
clude pyelonephritis and obstruction, thus aggressive
treatment of urinary tract infections is recommended.
In addition, vascular disease of the renal system
increases the likelihood of hypertension.10

If a TS patient has a single kidney, precautions
should be taken to minimize the risk of injury to the
solitary organ, including the avoidance of behaviors
associated with the potential for significant physical
contact. It may be advisable to obtain a screening
urinalysis at routine visits, even if there is a relatively
low suspicion for urinary tract infection.

Associated Endocrinopathies

Several endocrinopathies have been found to be more
common among patients with TS than in the general
population. TS patients have a higher prevalence of
autoimmune thyroid disease in general, and hypothy-
roidism in particular.23 Serum anti-thyroglobulin and
anti-microsomal antibodies are more common in TS
patients.24 Type II diabetes mellitus,16 insulin resis-
tance,4 and impaired glucose tolerance25 are also
more frequent findings in TS patients. Dyslipide-
mias26 have been associated with TS, and may be
corrected while a patient is on growth hormone ther-
apy.27,28 However, estrogen therapy has not been
shown to have a beneficial lipid effect in women with
TS.29

Health maintenance care for adolescents with TS
includes a yearly TSH. Glucose testing is only recom-
mended for adolescents with risk factors such as obe-
sity or family history of diabetes, but a fasting lipid
profile should be measured at least once during ado-
lescence.18,30 In addition, clinic visits provide the
opportunity to monitor vital signs, with particular at-
tention to blood pressure, as well as monitoring and
charting of height and weight.

Neurologic and Psychologic Manifestations

Turner’s syndrome has effects on brain development
and function; however, these are not as well character-
ized as phenotypic features of the syndrome. Al-
though girls with TS are fully competent in terms of
verbal abilities and intelligence, they may reveal
a very subtle to easily recognizable impairment with
non-verbal cognitive abilities using specialized
testing.31e33 The literature primarily reports con-
cerns in visual-spatial functions.31,34e39 Other reported
neurocognitive deficits include potential difficulty
with number processing and simple arithmetic, social
cognition, working memory, attention, motor func-
tion, and executive function.36,37,40e44 In addition,
social adjustment problems have been reported in
the areas of delayed maturity, relationships, and
self-esteem.31,45,46

Neuroimaging studies have attempted to localize
areas within the brain responsible for the neurocogni-
tive profile of girls with TS. Morphologic studies dem-
onstrate a reduction in parietal and occipital volume,
areas related to visual-spatial functioning.43,47e51 This
is consistent with results of positron emission tomogra-
phy studies reporting decreased baseline glucose me-
tabolism, indicative of lowered metabolism, in these
specific brain areas.52,53 In addition, a recent study
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demonstrated alterations in the amygdala (involved in
emotional processing) and hippocampal (involved in
memory) volumes.54 Furthermore, functional MRI
studies have demonstrated altered brain activation pat-
terns in women with TS during tests of executive func-
tion, working memory, and visuospatial function.55e57

Recently, Molko et al identified microstructural
changes in fiber tract orientation, which may alter con-
nections between different brain regions and may ac-
count for the identified specific cognitive deficits.58

These deficits can have a recognizable effect on the
activities of daily living for adolescents with TS. For
example, due to difficulties with visual-spatial rela-
tions, driving an automobile may be more challeng-
ing. In addition, compared to those without TS, TS
patients have fewer social interactions.31 Trouble with
face recognition may be a factor in the reduced social
interaction. Some specific recommendations to maxi-
mize neurocognitive functioning include: early as-
sessment of cognitive strengths and weaknesses, use
of tutoring, specific instructions in organization, study
and time management skills, computer learning, pro-
viding information in a verbal format, small struc-
tured classrooms for attentional issues, occupational
training for motor skills issues, and vocational/educa-
tional planning.31,59

Gastrointestinal System

Patients with TS are more likely to develop gastroin-
testinal disorders such as Crohn’s disease, ulcerative
colitis,60 and liver dysfunction.61 Although it is con-
troversial, some studies have suggested that estrogen
therapy may actually improve liver function enzyme
abnormalities.62 Intestinal telangiectasia is found
more frequently among women with TS, and proges-
terone administration may have a beneficial effect.62

Liver function enzymes were followed every 6 months
by Larizza et al, and elevated enzymes were generally
found not to be progressive when checked at that
frequency.63

Skin

Lymphedema is a commonly recognized skin mani-
festation among TS patients. However, these young
women also have an increased incidence of benign
nevi. Even though benign nevi are more common
among TS patients, there is not an associated in-
creased risk of cutaneous melanoma.64 The formation
of keloids has been thought to be more common, mak-
ing it important to limit excision of benign nevi. The
possible increased risk of keloids should be consid-
ered in any discussions concerning elective surgery
or body piercing. In addition, there may be an in-
crease in vitiligo and alopecia areata.65
Skeletal

Girls with TS have an increased risk of scoliosis, with
approximately 10% of patients affected. This most
commonly presents in adolescence and screening for
this skeletal disorder should be included in the phys-
ical examination.18,66 Women with TS are at an in-
creased risk for developing osteopenia and
osteoporosis. Appropriate estrogen treatment, cal-
cium, vitamin D, avoidance of smoking, and weight-
bearing exercise are recommended.67 Animal studies
have suggested that bisphosphonates cross the pla-
centa, and very little is known about the effects of
these pharmacologic agents on the human fetus.68

Therefore, since women with TS have the potential
for pregnancy with assisted reproductive technolo-
gies, it is prudent to avoid bisphosphonates because
of the long biological halflife, incorporation into
bone, and the potential for incorporation into fetal
bone as the maternal skeleton is mobilized as a source
of calcium in pregnancy.

Auditory

Girls with TS have a predisposition to otitis media,
and chronic or recurrent infections may result in fu-
ture conductive hearing loss. In addition, sensorineu-
ral hearing loss is extremely common in women with
TS, affecting up to 90% of individuals. This is a pro-
gressive hearing loss and may begin in childhood. The
school work and social interactions of adolescents
may potentially be affected by hearing loss.69,70

Therefore, healthcare providers should aggressively
treat otitis media, and should institute early hearing
assessments.

Hormone Therapy for Puberty and Further
Development

Because TS patients have ovarian dysgenesis and
short stature, hormonal treatment has attracted much
attention over the years. Growth hormone and sex ste-
roids, in particular, have been studied and have been
applied to various facets of puberty and development.
The effectiveness of hormonal treatment is evaluated
by monitoring sexual development, linear growth,
and bone age over time.

Growth Hormone Therapy
Short stature is a hallmark of Turner’s syndrome with
an associated mean loss of 20 cm associated with X
chromosome aneuploidy.71 Growth hormone (GH)
has been shown to have a positive effect on linear
growth during childhood and puberty. In addition,
there has been an increase in final height attained.72

These findings were also shown in large multicenter
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studies demonstrating the beneficial effects of growth
hormone administration in TS patients.73,74 Without
intervention, the mean adult height of TS patients is
4 feet 8 inches.75 With GH therapy, women with
Turner’s syndrome will achieve on average a 2.8-in
increase in final adult height with a 95% confidence
interval of 2.3e3.3 inches.76 Despite compelling evi-
dence that GH therapy achieves increased height in
patients with TS, the impact of this increase in height
on quality of life has not yet been addressed.

To assist with growth, recommendations have been
made to begin growth hormone therapy if a TS pa-
tient’s height is found to be below the fifth percentile
of the growth curve for females. The need to initiate
growth hormone therapy usually occurs between the
ages of 2 to 5. The regimen is to be continued until
bone age is greater than 15 years and growth slows
to less than 2 cm a year.77 The alteration in final adult
height seen in women with Turner’s syndrome is ap-
preciably lower than the benefit seen in women with
GH deficiency or constitutional delay. This appears
to be related to a relative tissue resistance to the
growth promoting effects of IGF-I.78

Various studies have had different conclusions re-
garding the matter of growth hormone therapy for im-
proving bone mineral density (BMD). Although short
stature may be a confounding factor that can poten-
tially falsely indicate decreased BMD, osteopenia
and osteoporosis are concerns in patients with TS
due to the hypogonadal environment resulting from
ovarian dysgenesis.

Efforts are underway to clarify the long-term ef-
fects of growth hormone administration on BMD.
Some studies have shown an improvement in BMD
with exogenous growth hormone.79,80 Others have re-
ported a decrease in BMD,81,82 and others have shown
no difference.83,84,85 After finding a decreased BMD
with treatment, Bakalov et al reevaluated the effect
of growth hormone on cortical BMD with more sub-
jects and evaluated additional skeletal sites.83 This
reevaluation showed no difference with treatment.

Estrogen Therapy
Although some patients with TS spontaneously initi-
ate full development of secondary sexual characteris-
tics, development typically will cease early and many
have no development at all. Exogenous estrogen ther-
apy has been employed in order to promote the devel-
opment of secondary sex characteristics. Estrogen
therapy may have positive effects on breast develop-
ment, uterine growth, BMD, and in combination with
cyclic progestins, can facilitate cyclic menstruation.

The age at which to commence exogenous estrogen
therapy is somewhat controversial. Some sources rec-
ommend starting estrogen therapy between the ages
of 12 to 15 years, and others recommend later
hormone initiation in order to minimize the possibility
of premature closure of the epiphyseal plates.77,86 If
a TS patient is receiving GH therapy, estrogen treat-
ment should not be started if the bone age is less than
11 or 12 years. When the patient is near final height,
estrogen may be started, and this corresponds to ap-
proximately one year before cessation of GH thera-
py.86e88 Hogler et al showed that the absence of
puberty can lead to a prepubertal decrease in BMD
as well as osteopenia, and they suggested that prepu-
bertal estrogen administration may have a role in
treating patients, with the consideration that a poten-
tial reduction in final height may be the risk involved
in such early therapy.89

In order to maximally promote the development of
secondary sexual characteristics, low doses of daily
estradiol may initially be administered for 6e12
months. Thereafter, incremental increases in dose
are recommended. Normal breast development occurs
most readily with a hormone regimen that mimics the
typical pubertal transition.

There are various protocols for estrogen therapy; in
general, a starting dose of conjugated equine estro-
gens 0.3 mg or estradiol 0.5 mg is recommended. Re-
visits at 3-month intervals provide the opportunity to
monitor breast and body shape development and to
adjust the dosage, if necessary. After breast and uter-
ine development, maintenance doses of conjugated
equine estrogens 0.9e1.25 mg or estradiol 2 mg
a day may be prescribed and cyclic progestin may
be added to facilitate menses.77,86 Likewise, a low
dose oral contraceptive pill or patch may be utilized
for hormone therapy. In addition, percutaneous estro-
gen gel has been shown to be efficacious in inducing
puberty in TS patients. Once adequate breast and uter-
ine development are initiated, a maintenance dose of
estrogen is given, and cyclic or continuous progestins
are recommended thereafter to prevent endometrial
hyperplasia or breakthrough bleeding.90

Current estradiol protocols have facilitated puber-
tal induction and maintenance; however, it has been
difficult to develop a fully mature uterus in many
TS girls.91 In a study of 57 women treated with estro-
gen from puberty induction, uterine length and shape
seen on pelvic ultrasound in relation to estrogen treat-
ment was analyzed. With treatment, 37% had an ade-
quate uterine length and 50% had a normal uterine
shape as calculated by a fundal-cervical ratio. It was
concluded that a higher daily postmenarchal dose of
estrogen was associated with a more mature uterus.92

Fertility among Turner’s Syndrome Patients

While to adolescents the development of secondary
sexual characteristics is of primary importance, con-
cerns and interests regarding fertility potential should
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be addressed as well. Furthermore, although the ma-
jority of adolescents will not be at risk for an un-
planned pregnancy, it is important that these young
women receive education concerning prevention of
other risks associated with sexual activity, including
sexually transmitted diseases.

The majority of TS patients undergo ovarian fail-
ure prior to or around the time of puberty. They have
‘‘streak gonads’’ as a result of accelerated atresia of
ovarian follicles, and as a result, are infertile.93,94

For the vast majority of TS patients, the recommen-
ded fertility option is in vitro fertilization with donor
oocytes. If the patient plans to carry the pregnancy,
a thorough evaluation of various organs systems
should be done to assess the risk of potential preg-
nancy-related complications.

During pregnancy, there is at least a 2% risk of aor-
tic dissection, and the risk of death increases 100-fold.
Although aortic dilation is a risk, dissection may oc-
cur in those without aortic root dilation on imaging
studies. Therefore, TS is a relative contraindication
to pregnancy.15

Spontaneous pregnancy among women with TS is
reported in at least 2% of cases,95 particularly in those
with a mosaic chromosomal makeup, such as 45X/
46XX, or in those in whom ovarian function-preserv-
ing genes (Xq13-q26) are intact.96 An observational
study of pregnancies among six TS patients that con-
ceived showed that six pregnancies resulted in abor-
tion and eight resulted in live-born infants. Half of
the live-born infants in this study manifested malfor-
mations. A literature review, performed by the same
group, of 160 pregnancies among 74 TS patients re-
vealed a 29% spontaneous abortion rate, a 7% perina-
tal death rate, a 20% malformation rate, and 38% of
these infants were born healthy.96 Therefore, these
are high risk pregnancies that warrant close fetal
surveillance.

In a study of fertility and outcomes of pregnancy
among 410 Danish TS patients, 7.6% of these patients
achieved a spontaneous pregnancy. Among this study
population, spontaneous pregnancies and subsequent
live births were achieved only by those with 45X/
46XX mosaicism or those with 46XX and a structural
abnormality of the second X chromosome.97

Surveillance during pregnancy includes treatment
of hypertension and serial echocardiograms and cardi-
ology consultation. Clinically stable patients with an
aortic root diameter less than 4 cm may attempt spon-
taneous vaginal delivery under epidural anesthesia.
However, if the patient has dilation of the aortic root,
a cesarean section should be planned under epidural
prior to the initiation of labor.15 There is, nonetheless,
a high rate of cesarean section among TS patients,
mainly attributable to a disproportionately high rate
of cephalopelvic disproportion.20
If a TS patient is a potential candidate for a planned
pregnancy from donor oocyte in vitro fertilization, as-
sessment of the cardiovascular and renal systems,
thyroid function, and glucose tolerance should be per-
formed.20 Screening for cardiovascular anomalies is
strongly recommended. If a significant malformation
is found, this is an absolute contraindication to preg-
nancy. Even with a normal cardiovascular evaluation,
TS patients should be counseled regarding the high
risk nature of pregnancy and the rare possibility of
a catastrophic cardiac event leading to mortality.

The first report of a successful pregnancy and de-
livery in a patient with Turner’s syndrome was repor-
ted in 1988.98 Endometrial preparation for TS patients
undergoing donor oocyte in vitro fertilization (IVF)
often require higher doses of estrogen due to studies
that suggest a suboptimal response with conventional
protocols.99 The per cycle pregnancy rate for TS pa-
tients receiving oocyte donation is approximately
30%, which is similar to that of other patient popula-
tions that undergo the same fertility treatment. The
miscarriage rate among TS patients, however, is high-
er, in the range of 40e50%. This higher degree of
pregnancy loss may be due to hypoplastic uteri and
possibly the aforementioned decreased endometrial
receptivity to estrogen protocols.20

Foudila et al reported the experience of a donor oo-
cyte program in which 20 clinical pregnancies were
achieved in 18 TS patients. Thirteen of these pregnan-
cies were the result of 28 fresh cycles, and the remain-
ing seven were the product of 25 frozen embryo
transfers. The fresh embryo transfer clinical preg-
nancy and implantation rates were 46% and 30%,
respectively. The frozen embryo transfer rates were
28% and 19%. Forty percent of these pregnancies
resulted in miscarriage. Due to the higher risk of hy-
pertension exacerbation and the potential severity of
complications such as aortic dissection, single embryo
transfer is strongly recommended.100

Future Directions for Fertility

Due to the rapid development of novel technologies
and discoveries, there may someday be the potential
for TS patients to become pregnant with their own oo-
cytes. A future possibility includes oocyte or ovarian
tissue cryopreservation. Hreinsson et al detected the
presence of primordial follicles in the ovarian tissue
of adolescent girls with TS. They found that younger
age, lower FSH, and a mosaic chromosomal makeup
were all correlated with a higher follicle density.101

If the oocytes retrieved from such patients have a nor-
mal chromosomal complement, then cryopreservation
may hold great promise as a means to preserve
fertility.88,101
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In addition, the recent finding that oocytes may be
generated from germinal stem cells located in bone
marrow will undoubtedly lead to further investiga-
tion.102 If stem cells in the hematopoetic system do
indeed have the ability to replenish oocytes, then this
concept may be explored in many subpopulations of
patients at risk of premature ovarian failure, including
those with TS.

Acknowledgments: Supported in part by Grant K23RR017043
from the National Center for Research Resources.

References

1. Cockwell A, MacKenzie M, Youings S, et al: A cytoge-
netic and molecular study of a series of 45X fetuses
and their parents. J Med Genet 1991; 28:152

2. Sybert VP, McCauley E: Turner’s syndrome. N Engl J
Med 2004; 351:1227

3. Elsheikh M, Dunger DB, Conway GS, et al: Turner’s syn-
drome in adulthood. Endocr Rev 2002; 23:120

4. Lippe B: Turner syndrome. Endocrinol Metab Clin North
Am 1991; 20:121

5. Mathur A, Stekol L, Schatz D, et al: The parental origin
of the single X chromosome in Turner syndrome: lack of
correlation with parental age or clinical phenotype. Am J
Hum Genet 1991; 48:682

6. Koeberl DD, McGillivray B, Seybert VP: Prenatal diag-
nosis of 45X/46XX mosaicism and 45X: implications
for postnatal outcome. Am J Hum Genet 1995; 57:661

7. Turner HH: A syndrome of infantilism, congenital
webbed neck, and cubitus valgus. Endocrinology 1938;
28:566

8. ACOG Committee on Practice Bulletins: ACOG Practice
Bulletin: clinical management guidelines for obstetrician-
gynecologists. Number 45, August 2003. Cervical cytol-
ogy screening (replaces committee opinion 152, March
1995). Obstet Gynecol 2003; 102:417

9. Price WH, Clayton JF, Collyer S, et al: Mortality ratios,
life expectancy, and causes of death in patients with
Turner syndrome. J Epidemiol Community Health 1986;
40:97

10. Ostberg JE, Conway GS: Adulthood in women with
Turner syndrome. Horm Res 2003; 59:211

11. Lin AE, Lippe BM, Geffner ME: Aortic dilation, dissec-
tion, and rupture in patients with Turner syndrome. J Pe-
diatr 1986; 109:820

12. Parker KL, Wyatt DT, Blethen SL, et al: Screening girls
with Turner syndrome: The National Cooperative Growth
Study experience. J Pediatr 2003; 143:133

13. Ho VB, Bakalov VK, Cooley M, et al: Major vascular
anomalies in Turner syndrome: prevalence and magnetic
resonance angiographic features. Circulation 2004; 110:
1694

14. Allen DB, Hendricks SA, Levy JM: Aortic dilation in
Turner syndrome. J Pediatr 1986; 109:302

15. The Practice Committee of the American Society for Re-
productive Medicine Increased maternal cardiovascular
mortality associated with pregnancy in women with
Turner syndrome. Fertil Steril 2005; 83:1074

16. Gravholt CH, Juul S, Naeraa RW, et al: Morbidity in
Turner syndrome. J Clin Epidemiol 1998; 51:147

17. Ostberg JE, Brookes JAS, McCarthy C, et al: A compar-
ison of echocardiography and magnetic resonance imag-
ing in cardiovascular screening of adults with Turner
syndrome. J Clin Endocrinol Metab 2004; 89:5966

18. Saenger P, Wikland KA, Conway GS, et al: Recommen-
dations for the diagnosis and management of Turner syn-
drome. J Clin Endocrinol Metab 2001; 86:3061

19. Dajani AS, Taubert KA, Wilson W, et al: Prevention of
bacterial endocarditis. Recommendations by the Ameri-
can Heart Association. JAMA 1997; 277:1794

20. Delbaere A, Englert Y: Turner’s syndrome and oocyte
donation. Gynecol Obstet Fertil 2002; 30:970

21. Karnis MF, Zimon AE, Lalwani SI, et al: Risk of death in
pregnancy achieved through oocyte donation in patients
with Turner syndrome: a national survey. Fertil Steril
2003; 80:498

22. Bilge I, Kayserili H, Emre S, et al: Frequency of renal
malformations in Turner syndrome: analysis of 82 Turk-
ish children. Pediatr Nephrol 2000; 14:1111

23. Chiovato L, Larizza D, Bendinelli G, et al: Autoimmune
hypothyroidism and hyperthyroidism in patients with
Turner’s syndrome. Eur J Endocrinol 1996; 134:568

24. Wilson R, Chu CE, Donaldson MD, et al: An increased
incidence of thyroid antibodies in patients with Turner’s
syndrome and their first degree relatives. Autoimmunity
1996; 25:47

25. Cicognani A, Mazzanti L, Tassinari D, et al: Differences
in carbohydrate tolerance in Turner syndrome depending
on age and karyotype. Eur J Pediatr 1988; 148:64

26. Ross JL, Feuillan P, Long LM, et al: Lipid abnormalities
in Turner syndrome. J Pediatr 1995; 126:242

27. van Teunenbroek A, de Muinck Keizer-Schrama SM,
Aanstoot HJ, et al: Carbohydrate and lipid metabolism
during various growth hormone dosing regimens in girls
with Turner syndrome. Dutch Working Group on Growth
Hormone. Metabolism 1999; 48:7

28. Lanes R, Gunczler P, Palacios A, et al: Serum lipids,
lipoprotein lp(a), and plasminogen activator inhibitor-1
in patients with Turner’s syndrome before and during
growth hormone and estrogen therapy. Fertil Steril
1997; 68:473

29. Elsheikh M, Bird R, Casadei B, et al: The effect of hor-
mone replacement therapy on cardiovascular hemody-
namics in women with Turner’s syndrome. J Clin
Endocrinol Metabol 2000; 85:614

30. Frias JL, Davenport ML: Committee on Genetics and
Section on Endocrinology: Health supervision for chil-
dren with Turner Syndrome. Pediatrics 2003; 111:692

31. Ross J, Zinn A, McCauley E: Neurodevelopmental and
psychological aspects of Turner syndrome. Ment Retard
Dev Disabil Res Rev 2000; 6:135

32. Temple CM, Carney R: Reading skills in children with
Turner’s syndrome: an analysis of hyperplexia. Cortex
1996; 32:335

33. Temple CM, Sherwood S: Representation and retrieval of
arithmetical facts: developmental difficulties. Q J Exp
Psychol A 2002; 55:733



264 Kavoussi et al: Turner Syndrome Management
34. Money J, Mittenthal S: Lack of personality pathology in
Turner’s Syndrome. Behav Genet 1970; 1:43

35. Ross JL, McCauley E, Roeltgen D, et al: Self-concept and
behavior in adolescent girls with Turner Syndrome:
potential estrogen effects. J Clin Endocr Metab 1996;
81:926

36. McCauley E, Kay T, Ito J, et al: The Turner Syndrome:
cognitive deficits affective discrimination and behavior
problems. Child Dev 1987; 58:464

37. Downey J, Elkin EJ, Erhardt AA, et al: Cognitive ability
and everyday functioning in women with Turner syn-
drome. J Learn Disabil 1991; 24:32

38. Money J: Specific neuro-cognitive impairments associ-
ated with Turner’s (45 XO) and Klinefelter (47 XXY)
syndromes: a review. Sociobiology 1993; 40:147

39. Nijhuis-van der Sanden MWG, Van Asseldonk EHF,
Eling PATM, et al: Slow motor performance in girls with
Turner Syndrome is not related to increased neuromotor
noise. Motor Control 2003; 7:111

40. Rovet JF: The psychoeducational characteristics of chil-
dren with Turner’s Syndrome. J Learn Disabil 1993; 26:
333

41. Siegel PT, Clopper R, Stabler B: The psychological con-
sequences of Turner Syndrome and review of the Na-
tional Cooperative Growth Study Psychological
Substudy. Pediatrics 1998; 102:388

42. Haberecht MF, Menon V, Warsofsky IS, et al: Functional
neuroanatomy of visuo-spatial working memory in
Turner Syndrome. Hum Brain Mapp 2001; 14:96

43. Buchanan L, Pavlovic J, Rovet J: A reexamination of the
visuospatial deficit in Turner Sydrome: contributions of
working memory. Dev Neuropsychol 1998; 14:341

44. Salbenblatt JA, Meyers DC, Bender BG, et al: Gross and
fine motor development in 45,X and 47,XXX girls. Pedi-
atrics 1989; 84:678

45. McCauley E, Ito J, Kay T: Psychosocial functioning in
girls with Turner’s syndrome and short stature: Social
skills, behavior problems, and self-concept. J Am Acad
Child Psychiatry 1986; 25:105

46. McCauley E, Ross JL, Kushner H, et al: Self-esteem and
behavior in girls with Turner syndrome. J Dev Behav
Pediatr 1995; 16:82

47. Murphy DGM, Allen G, Haxby IV, et al: The effects of
sex steroids and the X-chromosome, on female brain
function: a study of the neuropsychology of adult
Turner’s syndrome. Neuropsychology 1994; 32:1309

48. Murphy DG, DeCarli CD, Daly E, et al: X chromosome
effects on female brain: a magnetic resonance imaging
study of Turner syndrome. Lancet 1993; 342:1197

49. Reiss AL, Mazzocco MM, Greenlaw R, et al: Neurodeve-
lopmental effects of X monosomy: a volumetric imaging
study. Ann Neurol 1995; 38:731

50. Brown WE, Kesler SK, Eliez S, et al: Brain development
in Turner syndrome: a magnetic resonance imaging study.
Psychiatry Res Neuroimaging 2002; 16:187

51. Brown WE, Kesler SR, Eliez S, et al: A volumetric study
of parietal lobe subregions in Turner syndrome. Dev Med
Child Neurol 2004; 46:607

52. Clark C, Klonoff H, Hayden M: Regional cerebral glu-
cose metabolism in Turner syndrome 1990. Can J Neurol
Sci 1990; 17:140
53. Murphy DGM, Mentis MJ, Pietrini PP, et al: A PET study
of Turner’s Syndrome: effects of sex steroids and the X-
chromosome on brain. Biol Psychiatry 1997; 41:285

54. Kesler SR, Garrett A, Bender B, et al: Amygdala and hip-
pocampal volumes in Turner syndrome: a high-resolution
MRI study of X-monosomy. Neuopsychologia 2004; 42:
1971

55. Tamm L, Menon V, Reiss AL: Abnormal prefrontal
cortex function during response inhibition in Turner syn-
drome: Functional magnetic resonance imaging evidence.
Biol Psychiatry 2003; 53:107

56. Kesler SR, Haberecht MF, Menon VM, et al: Functional
neuroanatomy of spatial orientation processing in Turner
syndrome. Cerebral Cortex 2004; 14:174

57. Haberecht MF, Menon V, Warsofsky IS, et al: Functional
neuroanatomy of visuo-spatial working memory in
Turner Syndrome. Hum Brain Mapp 2001; 14:96

58. Molko N, Cachia A, Riviere D, et al: Brain anatomy in
Turner syndrome: Evidence for impaired social and spa-
tial-numerical networks. Cereb Cortex Aug 2004; 14:840

59. Rosenfeld RG, Tesch L, Rodriguez LJ, et al: Recommen-
dations for diagnosis, treatment, and management of indi-
viduals with Turner syndrome. The Endocrinologist
1995; 4:351

60. Knudtzon J, Svane S: Turner’s syndrome associated with
chronic inflammatory bowel disease: A case report and
review of the literature. Acta Med Scand 1988; 223:375

61. Sylven L, Hagenfeldt K, Brondum-Nielsen K, et al: Mid-
dle-aged women with Turner’s syndrome: Medical status,
hormonal treatment and social life. Acta Endocrinol
(Copenh) 1991; 125:359

62. Elsheikh M, Hodgson HJ, Wass JA, et al: Hormone re-
placement therapy may improve hepatic function in
women with Turner’s syndrome. Clin Endocrinol (Oxf)
2001; 55:227

63. Larizza D, Locatelli M, Vitali L, et al: Serum liver en-
zymes in Turner syndrome. Eur J Pediatr 2000; 1593:143

64. Gibbs P, Brady BM, Gonzalez R, et al: Nevi and mela-
noma: lessons from Turner’s syndrome. Dermatology
2001; 202:1

65. Lowenstein EJ, Kin KH, Glick SA: Turner’s syndrome in
dermatology. J Am Acad Dermatol 2004; 50:767

66. Lubin MB, Gruber HE, Rimoin DL, et al: Skeletal abnor-
malities in the Turner syndrome. In: Rosenfeld RG,
Grumbach MM, editors. Turner syndrome. New York,
Marcell Dekker, 1990, pp 281e300

67. Breuil V, Euller-Ziegler L: Gonadal dysgenesis and bone
metabolism. Joint Bone Spine 2001; 68:26

68. French AE, Kaplan N, Lishner M, et al: Taking bisphos-
phonates during pregnancy. Can Fam Physician 2003; 49:
1281

69. Stenberg AE, Nylen O, Windh M, et al: Otological prob-
lems in children with Turner’s syndrome. Hear Res 1998;
124:85

70. Barrenas M, Landin-Wilhelmsen K, Hanson C: Ear and
hearing in relation to genotype and growth in Turner syn-
drome. Hear Res 2000; 144:21

71. Sybert VP, McCauley E: Turner’s syndrome. New Eng J
Med 2004; 351:1227

72. Nilsson KO, Albertsson-Wikland K, Alm J, et al: Im-
proved final height in girls with Turner’s syndrome



265Kavoussi et al: Turner Syndrome Management
treated with growth hormone and oxandrolone. J Clin
Endocrinol Metab 1996; 81:635

73. The Canadian Growth Hormone Advisory Committee:
Impact of growth hormone supplementation on adult
height in Turner syndrome: Results of the Canadian ran-
domized controlled trial. J Clin Endocrinol Metab 2005;
90:3360

74. Rosenfeld RG, Frane J, Attie K, et al: Six-year results of
a randomized, prospective trial of human growth hor-
mone and oxandrolone in Turner syndrome. J Pediatr
1992; 121:49

75. Lyon AJ, Preece MA, Grant DB: Growth curve for girls
with Turner syndrome. Arch Dis Child 1985; 60:932

76. Carel J: Growth Hormone in Turner Syndrome: Twenty
Years after, What Can We Tell our Patients? [Editorial].
J Clin Endocrinol Metab 2005; 90:3793.

77. Saenger P: Turner’s syndrome. N Engl J Med 1996; 335:
1749

78. Lebl J, Pruhova S, Zapletalova S, et al: IGF-I Resistance
and Turner’s syndrome. J Pediatr Endocrinol 2001; 14:37

79. Sas TC, de Muinck Keizer-Schrama SM, Stijnen T, et al:
Bone mineral density assessed by phalangeal radio-
graphic absorptiometry before and during long-term
growth hormone treatment in girls with Turner’s syn-
drome participating in a randomized dose-response study.
Pediatr Res 2001; 50:417

80. Neely NK, Marcus R, Rosenfeld RG, et al: Turner
syndrome adolescents receiving growth hormone are not
osteopenic. J Clin Endocrinol Metab 1993; 76:861

81. Suganuma N, Furuhashi M, Hirooka T, et al: Bone min-
eral density in adult patients with Turner’s syndrome:
analyses of the effectiveness of GH and ovarian steroid
hormone replacement therapies. Endocr J 2003; 50:263

82. Bakalov VK, Alexrod L, Baron J, et al: Selective reduc-
tion in cortical bone mineral density in Turner syndrome
independent of ovarian hormone deficiency. J Clin Endo-
crinol Metab 2003; 88:5717

83. Bakalov VK, Van PL, Baron J, et al: Growth hormone
therapy and bone mineral density in Turner syndrome.
J Clin Endocrinol Metabol 2004; 89:4886

84. Shaw NJ, Rehan VK, Husain S, et al: Bone mineral den-
sity in Turner’s syndrome: a longitudinal study. Clin En-
docrinol (Oxf) 1997; 47:367

85. Carrascosa A, Gussinye M, Terradas P, et al: Spontane-
ous, but not induced puberty, permits adequate bone mass
acquisition in adolescent Turner syndrome patients.
J Bone Miner Res 2000; 15:2005

86. Lippe B: Turner syndrome. In: Sperling MA, editor. Pedi-
atric Endocrinology. Philadelphia, WB Saunders, 1996,
pp 387e421
87. Vanderschueren-Lodeweyckx M, Massa G, Maes M,
et al: Growth-promoting effect of growth hormone and
low dose ethinyl estradiol on girls with Turner’s syn-
drome. J Clin Endocrinol Metabol 1990; 70:122

88. Abir R, Fisch B, Nahum R, et al: Turner’s syndrome and
fertility: current status and possible putative prospects.
Hum Reprod Update 2001; 7:603

89. Hogler W, Briody J, Moore B, et al: Importance of estro-
gen on bone health in Turner syndrome: A cross-sectional
and longitudinal study using dual-energy x-ray absorpti-
ometry. J Clin Endocrinol Metab 2004; 89:193

90. Piippo S, Lenko H, Kainulainen P, et al: Use of percutane-
ous estrogen gel for induction of puberty in girls with
Turner syndrome. J Clin Endocrinol Metab 2004; 89:3241

91. Paterson WF, Hollman AS, Donaldson MD: Poor uterine
development in Turner syndrome with oral oestrogen
therapy. Clin Endocrinol (Oxf) 2002; 56:359

92. Snajderova M, Mardesic T, Lebl J, et al: The uterine
length in women with Turner syndrome reflects the post-
menarchal daily estrogen dose. Horm Res 2003; 60:198

93. Singh RP, Carr DH: The anatomy and histology of XO
human embryos and fetuses. Anat Rec 1966; 155:369

94. Weiss L: Additional evidence of gradual loss of germ
cells in the pathogenesis of streak ovaries in Turner’s syn-
drome. J Med Genet 1971; 8:540

95. Hovatta O: Pregnancies in women with Turner’s syn-
drome. Ann Med 1999; 31:106

96. Tarani L, Lampariello S, Raguso G, et al: Pregnancy in
patients with Turner’s syndrome: six new cases and re-
view of literature. Gynecol Endocrinol 1998; 2:83

97. Birkebaek NH, Cruger D, Hansen J, et al: Fertility and
pregnancy outcome in Danish women with Turner syn-
drome. Clin Genet 2002; 61:35

98. Christman GM: Turner’s syndrome—adulthood: Repro-
ductive health care and options. Adolesc Pediatr Gynecol
1988; 2:181

99. Yaron Y, Ochshorn Y, Yovel I, et al: Patients with
Turner’s syndrome may have an inherent endometrial ab-
normality affecting receptivity in oocyte donation. Fertil
Steril 1996; 65:1249

100. Foudila T, Soderstrom-Anttila V, Hovatta O: Turner’s
syndrome and pregnancies after oocyte donation. Hum
Reprod 1999; 14:532

101. Hreinsson JG, Otala M, Fridstrom M, et al: Follicles are
found in the ovaries of adolescent girls with Turner’s syn-
drome. J Clin Endocrinol Metab 2002; 87:3618

102. Johnson J, Bagley J, Skaznik-Wikiel M, et al: Oocyte
generation in adult mammalian ovaries by putative germ
cells in bone marrow and peripheral blood. Cell 2005;
122:303


	Healthcare for Adolescents with Turner Syndrome
	Introduction
	Cardiovascular System
	Renal System
	Associated Endocrinopathies
	Neurologic and Psychologic Manifestations
	Gastrointestinal System
	Skin
	Skeletal
	Auditory
	Hormone Therapy for Puberty and Further Development
	Growth Hormone Therapy
	Estrogen Therapy

	Fertility among Turner’s Syndrome Patients
	Future Directions for Fertility
	References


