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Introduction
Turner syndrome (TS) results from the partial or 
complete loss of the second X-chromosome in 
phenotypic females and has a prevalence of 1 in 
2000 to 2500 live born female children.1 The ini-
tial description by Henry Turner in 1938 included 
short stature, sexual infantilism, cubitus valgus 
and pterygium coli.2 Girls with TS have signifi-
cant variability in their clinical presentation and 
especially those with lower degrees of mosaicism 
for monosomy X may not present with the classic 
phenotype at all. Short stature, pubertal delay/
ovarian insufficiency, cardiac and renal abnormal-
ities, sensorineural hearing loss, ophthalmologic 
problems, thyroid abnormalities, metabolic syn-
drome, inflammatory bowel disease and neuro-
cognitive issues are all recognized to be relatively 
common in TS. Recent diagnostic and therapeu-
tic advances have improved the recognition of 
these comorbidities and their management. In this 
review, we present the best practice management 
guidelines as developed by a recently held interna-
tional Turner Syndrome Consensus Group meet-
ing.3 These newer guidelines specifically address 
the diagnostic screening process and the manage-
ment of comorbidities in TS. Cardiovascular 
comorbidity is discussed in great depth including 
categorization of risk for aortic dissection, and 
sports participation. The screening and interven-
tion for neuropsychological issues in TS and the 

importance of transition to adult care are also 
emphasized.

Diagnosis
The diagnosis of TS can occur at a wide range  
of ages.4–6 Prenatally, ultrasound findings of 
increased nuchal translucency, cystic hygroma, 
left-sided obstructive cardiac anomalies (espe-
cially coarctation of the aorta) in the fetus are 
highly suggestive of TS.7 Maternal quadruple 
serum screening may also be abnormal, but con-
firmatory testing with amniocentesis or chorionic 
villous sampling is necessary to entertain the diag-
nosis of TS prenatally.4 It is, however, mandatory 
to repeat the karyotype postnatally in all individu-
als who were previously diagnosed prenatally.3,4 
Noninvasive prenatal testing using maternal cell-
free DNA has not been shown to have a good 
positive predictive value to diagnose TS and is 
therefore not recommended for prenatal diagno-
sis of TS.8

Webbed neck, lymphedema or coarctation of the 
aorta in infancy should prompt a peripheral blood 
karyotype to rule out TS. While the previous 
guidelines4 suggested a peripheral blood karyotype 
should be considered in girls with unexplained 
short stature or delayed puberty, or the constella-
tion of characteristic dysmorphic features, the new 
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guidelines3 propose the following indications to 
cover an expanded phenotype:

(a) Karyotyping may be undertaken in the pres-
ence of a single clinical feature such as fetal 
hydrops or cystic hygroma, unexplained short 
stature, delayed puberty, obstructive left-sided 
cardiac abnormality (such as a bicuspid aortic 
valve, coarctation, aortic stenosis, hypoplastic left 
heart syndrome or mitral valve abnormalities), 
characteristic facial features (such as short broad 
neck with webbing, narrow palate, micrognathia, 
low set ears and down-slanted palpebral fissures 
with epicanthal folds), or in a couple presenting 
with infertility.

(b) Karyotyping should also be undertaken if two 
or more features commonly associated with TS 
such as renal anomaly (hypoplasia, aplasia or 
horseshoe kidney), other cardiac anomalies (e.g. 
partial anomalous pulmonary venous return, 
atrial or ventricular septal defects), Madelung 
deformity, dysplastic nails, multiple nevi, neu-
ropsychological issues, and hearing loss associ-
ated with short stature are seen in a girl.

The standard 30-cell karyotype is recommended 
and can detect 10% mosaicism with 95% confi-
dence.9 Additional tissues or more metaphase 
spreads may need to be analyzed if there remains 
a strong suspicion that a patient has TS despite a 
normal standard karyotype analysis. However, 
most experts agree that less than 5% mosaicism 
for X-chromosome haplo-insufficiency probably 
means that the patient is unlikely to demonstrate 
features consistent with a TS phenotype. Routine 
testing with fluorescent in-situ hybridization 
(FISH), chromosomal microarray or karyotype of 
buccal tissue/skin fibroblasts is not necessary, but 
may be considered in virilized girls in whom 
Y-chromosome presence was not demonstrated 
by a standard karyotype analysis.10 Multiple 
sequences adjacent to the Y-centromere should 
be amplified using polymerase chain reaction 
(PCR) techniques that are more sensitive than 
FISH to detect cryptic Y-material.3,11 When 
Y-chromosome material is present in the stand-
ard karyotype or on such additional testing (inci-
dence of 5–12%), prophylactic gonadectomy is 
still recommended by expert consensus, albeit at 
a lower quality of evidence, due to an increased 
risk (around 10%) of gonadoblastoma.3

Several girls have delayed diagnosis in late adoles-
cence or early adulthood with some estimates 

indicating that up to 38% of TS patients are diag-
nosed in adulthood.12 In an update to the previ-
ous guidelines, in women over 50 years of age, a 
new finding of a low level of mosaicism for mono-
somy X (<5%) does not warrant a diagnosis of 
TS.13 Small deletions of the long arm of the 
X-chromosome distal to Xq24 are also not 
included in the diagnosis of TS.3,4 Genotype–
phenotype correlations should guide clinical 
management, but it is now recommended that 
general surveillance be followed for all TS patients 
regardless of karyotype.3

Short stature
Short stature is the most common finding in TS, 
seen in nearly all patients and is due to haplo-
insufficiency of the short stature homeo-box con-
taining gene (SHOX) on the X-chromosome.14 
Growth hormone (GH) secretion is preserved in 
TS and provocative testing is usually not required. 
Recombinant GH therapy has been shown to 
improve adult height in patients with TS by 5–8 
cm in several randomized trials and observational 
studies,15–19 but the efficacy is variable and 
depends on multiple factors including mid-paren-
tal height, age at initiation of GH therapy, dura-
tion and dose of GH therapy and baseline height 
prior to initiation of GH therapy.15,19,20 GH ther-
apy is recommended as early as 4–6 years of age or 
sooner in the presence of growth failure to enable 
an adequate duration of therapy before pubertal 
initiation.3,17 The typical dosing range for GH 
therapy in the United States (US) is 50–54 µg/kg/
day (0.35–0.375 mg/kg/week) and is 45–50 µg/kg/
day in Europe (slightly lower in Australasia).3 The 
latest guidelines recommend starting at 45–50 µg/
kg/day and possibly increasing up to a dose of 68 
µg/kg/day (if the initial response is suboptimal), 
administered subcutaneously seven days a week, 
preferably at night.3 Height should be monitored 
every 3–4 months in the first year of therapy and 
every 4–6 months thereafter and GH can be dis-
continued after linear growth is complete (bone 
age of approximately 13.5 to 14 years; height 
velocity <2 cm/year).3 Potential risks and benefits 
of GH therapy should be discussed with the family 
with careful monitoring for adverse events during 
therapy. Therapy with GH is generally well toler-
ated in girls with TS, although they appear to be at 
a slightly increased risk for intracranial hyperten-
sion, slipped capital femoral epiphyses, scoliosis 
and pancreatitis compared with GH therapy for 
other etiologies of short stature.21,22 There is con-
flicting evidence on whether GH therapy worsens 
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the already inherent risk of glucose intolerance in 
TS23,24 but it is recommended to monitor hemo-
globin A1c annually regardless of GH therapy.3 
The measurement of insulin-like growth factor I 
(IGF-I) is recommended annually in the new con-
sensus guideline, and should be considered after 
GH dose increases. In order to avoid prolonged 
exposure to elevated IGF-I concentrations, it is 
recommended to keep the IGF-I less than 2 stand-
ard deviations above the mean for age and decrease 
the dose of GH if IGF-I is more than 3 standard 
deviations above the mean for age.3 In girls with 
TS older than 10 years of age with poor projected 
adult height on GH therapy alone, the addition of 
oxandrolone, an anabolic steroid, may be consid-
ered at doses of 0.03–0.05 mg/kg/day.3,25 Potential 
side effects of oxandrolone therapy include a slight 
risk of virilizing effects (acne, clitoromegaly), but 
should not be a concern when using this dose 
range.25 Oxandrolone therapy may improve adult 
height by 2–5 cm when used concomitantly with 
GH therapy.26

Ovarian insufficiency
Spontaneous puberty has been reported in 14% 
of TS patients with monosomy X and up to a 
third of patients with mosaicism.27 While routine 
oocyte retrieval is not recommended under 12 
years of age, young TS women with normal ovar-
ian function should be counseled about fertility 
preservation options.3 The majority of the girls 
with TS however, require induction of puberty 
and estrogen/progestin replacement therapy to 
achieve adequate breast development, uterine 
maturation and peak bone mass. Gonadotropins 
(especially follicle-stimulating hormone, FSH) 
should be monitored annually starting at about 
age 11 years to confirm hypergonadotrophic 
hypogonadism prior to pubertal induction.3 Anti-
Mullerian hormone (AMH) and inhibin B meas-
urements have also been shown to predict ovarian 
insufficiency when found to be low, and AMH is 
perhaps the best indicator of ovarian reserve.28,29

Transdermal 17-β estradiol (TDE) is now the 
preferred treatment starting around age 11–12 
years.3 Compared with oral estrogens, TDE is 
thought to be more physiological delivery since it 
will avoid the first-pass effect in the liver with 
improved bioavailability.30,31 A recent meta-anal-
ysis showed improved whole body bone mineral 
density, fasting glucose and total cholesterol with 
TDE therapy compared with oral estrogens.32 
Fractionated patches and initial overnight 

application have been attempted to achieve lower 
and more physiologic dosing but needs further 
study.33 The lowest doses commercially available 
are 14–25 µg TDE patches, which deliver this 
amount on a daily basis after weekly or twice 
weekly application. Cutting the patches will ena-
ble to start at about 3–7 µg/day, which is the rec-
ommended starting dose for pubertal induction 
and is gradually increased in 6-month intervals to 
adult doses (up to a 100 µg/day) by 2–3 years of 
therapy.3 Progestin supplementation (oral micro-
nized progesterone or medroxyprogesterone) 
should be started once withdrawal bleeding is 
noted or after about 2 years of estrogen therapy to 
minimize the risk of endometrial cancer due to 
unopposed estrogen effect.3 Despite some 
reported benefits on cognition, memory, growth 
velocity, bone health and pubertal onset,17,34,35 
routine supplementation of very low dose estro-
gen in childhood, to improve growth or bone 
mass, is currently not recommended.3

Neurocognitive/behavioral problems
TS is generally associated with normal intelligence 
but characteristic challenges and strengths in spe-
cific neurocognitive and psychosocial domains. 
About 10% of girls with TS (particularly those 
with a small ring X karyotype) may present with 
intellectual disability.36 Challenges in executive 
functioning (task handling, working memory and 
processing speed), visual–spatial perception, math-
ematics and reading comprehension, facial expres-
sion recognition, motor coordination and motor 
learning as well as autism spectrum disorders, and, 
attention deficit and hyperactivity disorder 
(ADHD) are common in TS.36–40 Individuals with 
TS tend to overcome some of these difficulties 
with superior receptive and expressive language 
skills.41 Prompt recognition of neurocognitive 
challenges and generic psychological remediation 
techniques with particular accommodations can 
help improve academic performance and social 
wellbeing in children with TS.36,42 For instance, 
executive function problems can be improved with 
cognitive behavior therapy and classroom modifi-
cations while smaller classrooms, occupational and 
physical therapy can help with visual–spatial, 
motor and developmental coordination disorders. 
Medications for ADHD, and use of verbal mne-
monics and oral/untimed testing can also enhance 
academic achievement.3,36,42 Because of this it is 
recommended that children with TS be screened 
annually for developmental and behavioral issues 
and undergo formal neuropsychiatric testing at 
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major transitional stages (preschool, school entry 
and entry to high school).43 Having a clinical psy-
chologist or neuropsychologist as a key member of 
the multidisciplinary team or coordination with a 
school psychologist can facilitate screening and 
intervention for these children.3 Lower self-esteem, 
social isolation, anxiety and depression may also be 
common in adolescents with TS44 and should be 
recognized and addressed in a timely manner.42

Other comorbidities
Cardiovascular abnormalities are common in TS 
and an important cause of early mortality.45 
Congenital heart defects [e.g. bicuspid aortic valve 
(BAV), aortic valve stenosis, coarctation of the 
aorta, aberrant right subclavian artery, hypoplastic 
left heart syndrome, atrial and ventricular septal 
defects, partial anomalous pulmonary venous 
drainage, pulmonary valve stenosis], aortic root 
dilatation and aortic dissection, ischemic heart 
disease and cerebrovascular disease contribute to 
nearly 50% of the excess morbidity in TS.46 
Prenatal detection of TS should prompt a fetal 
echocardiogram and referral to pediatric cardiol-
ogy.3 Surveillance for aortic root dilatation, treat-
ment for hypertension and prophylactic medical 
therapy with timely surgical consultation is essen-
tial to reduce the incidence of aortic dissection 
(risk is 1 in 40 per 100,000 TS person years), 
which also appears to occur several decades earlier 
than in the general female population.47 The latest 
consensus guidelines assign girls with TS aged 
<16 years into low, moderate and high-risk cate-
gories based on a TS-specific Z-score of the aorta 
and recommend transthoracic echocardiogram 
and pediatric cardiology follow up every 5 years, 
1–2 years and 6 months to 1 year respectively.3 In 
individuals with TS over the age of 16 years, the 
ascending aortic size index (ASI), defined as the 
aortic diameter in cm corrected for body surface 
area, is a useful prognostic indicator and, has been 
used to categorize risk (2–2.3 cm/m2 is moderate 
risk and >2.3 cm/m2 is high risk) and suggest 
therapy in the latest guidelines.3 Participation in 
sports is restricted to low and moderate static and 
dynamic activities in the moderate risk category 
while girls in the high-risk category should avoid 
competitive sports and intense weight training.3 
Assisted reproductive techniques are contraindi-
cated as pregnancy is considered risky in women 
with TS who have an ascending ASI > 2–2.5 cm/
m2. Such a high-risk pregnancy, if occurring, 
would have to be managed with strict treatment of 
pregnancy-associated hypertension. The pregnant 

patient would need to be closely followed with fre-
quent cardiac imaging and consideration of pro-
phylactic surgery if rapid aortic enlargement is 
observed.3,48

The recommendations to screen for cardiovascu-
lar abnormalities and other common comorbidi-
ties in TS are summarized in Table 1.3 A 
multidisciplinary team approach will help opti-
mize the health care delivery for TS and improve 
compliance/adherence and clinic attendance. 
External ear abnormalities, increased risk of 
(chronic) otitis media and early onset sensorineu-
ral hearing loss are common in TS with an age-
related increase in incidence of hearing loss.49 
Multiple autoimmune diseases, such as chronic 
lymphocytic thyroiditis, celiac disease, inflamma-
tory bowel disease (especially Crohn’s disease), 
are also commonly associated with TS, but the 
pathophysiologic mechanism of immune altera-
tion remains unclear.50

Transition to adult care
Transition of young adults with TS to adult care is 
especially important with due recognition of the 
core elements of transition, namely: assessment of 
transition readiness, a transfer summary and a 
self-assessment tool kit.3 It is now recommended 
that pediatric practices use TS-specific transition 
tool kits (such as the one developed by the 
Endocrine Society, Hormone Health Network 
and Turner Syndrome Society of the US, the 
American College of Physicians Pediatric to Adult 
Care Transitions toolkit: https://www.acponline.
org/system/files/documents/clinical_information/
high_value_care/clinician_resources/pediatric_
adult_care_transitions/endo_turner/endo_ts_tran-
sition_tools.pdf). TS advocacy and peer support 
groups have additional resources that may be 
made available to girls with TS and their families. 
Care for adults with TS is ideally delivered in a 
multidisciplinary setting with gynecology, cardiol-
ogy, endocrinology and gastroenterology among 
other specialties. Obesity, insulin resistance, type 
2 diabetes, nonalcoholic fatty liver disease, senso-
rineural hearing loss, hypertension, and hyperlipi-
demia are common comorbidities in adult women 
with TS and require repeat screening and appro-
priate management.51 Surveillance for aortic root 
dilatation and treatment of other cardiac abnor-
malities by a cardiologist familiar with the care of 
adults with congenital heart diseases is very impor-
tant. Dual energy X-ray absorptiometry (DXA) 
scans every 5 years and continued estrogen 
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Table 1. Recommended screening for comorbidities in childhood in Turner syndrome.

Comorbidities Common abnormalities Screening recommendations

Cardiovascular BAV
CoA
Aortic root dilatation
Other (left-sided) cardiac 
anomalies (see text)
ECG and cardiac conduction 
defects
Hypertension
Hyperlipidemia

1. TTE at diagnosis
2.  Resting ECG and QTc (Hodge’s formula) measurement at 

diagnosis
3.  Monitoring of aortic root diameter and medical and 

surgical management
4.  CMR as soon as feasible without need for general 

anesthesia
5.  In the absence of BAV or CoA, TTE or CMR surveillance 

every 5 years; annually if BAV or CoA present or the TS-
specific aortic size Z-score>3

6.  If >16 years, and ASI > 2–2.3 cm/m2, annual TTE or CMR 
recommended

7.  Annual assessment of blood pressure and prompt medical 
treatment of hypertension

8.  Annual lipid profile starting at age 18 years

Otorhinolaryngological Early onset sensorineural 
hearing loss
Middle ear infections
External ear abnormalities

1.  Audiometric evaluation every 5 years starting at 9–12 
months of age

2.  Treatment of middle ear infections and myringotomy tube 
placements as needed

Ophthalmologic Refractive errors
Amblyopia
Strabismus
Ptosis

Comprehensive ophthalmologic examination at 12–18 months 
or at diagnosis in older girls with TS and annually thereafter

Dental Abnormal tooth eruption and 
root and crown abnormalities

Dental and orthodontic evaluation at diagnosis and annually

Thyroid Autoimmune thyroiditis and 
hypothyroidism

Screen for hypothyroidism at diagnosis and annually thereafter 
with thyroid studies

Metabolic Obesity
Glucose intolerance

1.  Annual screening for hemoglobin A1c and fasting plasma 
glucose starting at age 10 years

2.  Counseling on nutrition and physical activity to maintain 
healthy weight

Gastrointestinal Celiac disease
Transaminitis
IBD

1.  Screen for celiac disease at 2-3 years of age and every 2 
years thereafter

2.  Monitor liver function tests annually starting at age 10 years
3.  Symptoms of abdominal pain, weight loss, diarrhea or GI 

bleeding should prompt evaluation for IBD

Kidneys Horseshoe kidney
Hypoplasia
Renal ectopia

Renal ultrasound recommended at diagnosis

Orthopedic Scoliosis, kyphosis, vertebral 
wedging, flat feet, cubitus 
valgus, genu valgum, pectus 
excavatum, patellar laxity and 
other musculoskeletal problems

1.  Annual examination for scoliosis or every 6 months (if on 
GH therapy)

2.  Assess for abnormalities at 5–6 years and at 12–14 years

Bone health Vitamin D deficiency
Osteoporosis
Increased fracture risk

1.  Screen for vitamin D deficiency with a 25-OH vitamin D 
concentration between 9–11 years and every 2–3 years 
thereafter

2.  DXA scans to monitor bone health after adult hormone 
replacement has been initiated and every 5 years thereafter, 
and at discontinuation of estrogen therapy at menopause

Dermatologic Melanocytic nevi Surveillance if change in nevi size/appearance

ASI, aortic size index; BAV, bicuspid aortic valve; CMR, cardiac magnetic resonance imaging; CoA, coarctation of aorta; DXA, dual energy X-ray 
absorptiometry; ECG, electrocardiogram; GH, growth hormone; GI, gastrointestinal; IBD, inflammatory bowel disease; QTc, corrected QT interval; 
TS, Turner syndrome; TTE, transthoracic echocardiogram.
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supplementation until ordinary menopausal age 
can help optimize bone health and prevent osteo-
porosis in women with TS.3 Psychosocial issues, 
career and interpersonal relationships, sexual 
function, contraception and fertility options 
should also be discussed with adequate counseling 
support in adult TS clinics.51

Conclusion
The newest management guidelines for TS are 
still based on expert consensus and the evidence 
for optimal hormone replacement throughout the 
age spectrum in TS is still evolving. However, 
with adequate support and medical care, individ-
uals with TS can reach their full potential with 
improved health-related and overall quality of 
life. A multidisciplinary team approach, early rec-
ognition and management of the cardiovascular 
abnormalities, psychoeducational challenges and 
comorbidities associated with TS, timely intro-
duction of hormonal therapy, as well as a good 
transition care plan to adulthood are important to 
achieve the best quality of life outcomes for these 
individuals.

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

References
 1. Nielsen J and Wohlert M. Chromosome 

abnormalities found among 34,910 newborn 
children: results from a 13-year incidence study 
in Arhus, Denmark. Hum Genet 1991; 87: 81–83.

 2. Turner HH. A syndrome of infantilism, 
congenital webbed neck, and cubitus valgus. 
Endocrinology 1938; 23: 566–574.

 3. Gravholt CH, Andersen NH, Conway GS, et al. 
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; 177: 
G1–G70.

 4. Bondy CA. Care of girls and women with Turner 
syndrome: a guideline of the Turner syndrome 
Study Group. J Clin Endocrinol Metab 2007; 92: 
10–25.

 5. Pinsker JE. Turner syndrome: updating the 
paradigm of clinical care. J Clin Endocrinol Metab 
2012; 97: E994–E1003.

 6. Stochholm K, Juul S, Juel K, et al. Prevalence, 
incidence, diagnostic delay, and mortality in 
Turner syndrome. J Clin Endocrinol Metab 2006; 
91: 3897–3902.

 7. Bronshtein M, Zimmer EZ and Blazer S. A 
characteristic cluster of fetal sonographic markers 
that are predictive of fetal Turner syndrome in 
early pregnancy. Am J Obstet Gynecol 2003; 188: 
1016–1020.

 8. Gil MM, Quezada MS, Revello R, et al. Analysis 
of cell-free DNA in maternal blood in screening 
for fetal aneuploidies: updated meta-analysis. 
Ultrasound Obstet Gynecol 2015; 45: 249–266.

 9. Hook EB. Exclusion of chromosomal mosaicism: 
tables of 90%, 95% and 99% confidence limits 
and comments on use. Am J Hum Genet 1977; 
29: 94–97.

 10. Freriks K, Timmers HJ, Netea-Maier RT, et al. 
Buccal cell FISH and blood PCR-Y detect 
high rates of X chromosomal mosaicism and Y 
chromosomal derivatives in patients with Turner 
syndrome. Eur J Med Genet 2013; 56: 497–501.

 11. Knauer-Fischer S, Besikoglu B, Inta I, et al. 
Analyses of Gonadoblastoma Y (GBY)-locus and 
of Y centromere in Turner syndrome patients. 
Exp Clin Endocrinol Diabetes 2015; 123: 61–65.

 12. Gravholt CH. Clinical practice in Turner 
syndrome. Nat Clin Pract Endocrinol Metab 2005; 
1: 41–52.

 13. Russell LM, Strike P, Browne CE, et al. X 
chromosome loss and ageing. Cytogenet Genome 
Res 2007; 116: 181–185.

 14. Rao E, Weiss B, Fukami M, et al. 
Pseudoautosomal deletions encompassing a novel 
homeobox gene cause growth failure in idiopathic 
short stature and Turner syndrome. Nat Genet 
1997; 16: 54–63.

 15. Quigley CA, Crowe BJ, Anglin DG, et al. Growth 
hormone and low dose estrogen in Turner 
syndrome: results of a United States multi-center 
trial to near-final height. J Clin Endocrinol Metab 
2002; 87: 2033–2041.

 16. Stephure DK. Impact of growth hormone 
supplementation on adult height in turner 
syndrome: results of the Canadian randomized 
controlled trial. J Clin Endocrinol Metab 2005; 90: 
3360–3366.

 17. Davenport ML, Crowe BJ, Travers SH, et al. 
Growth hormone treatment of early growth 
failure in toddlers with Turner syndrome: a 

https://journals.sagepub.com/home/tae


R Kanakatti Shankar and PF Backeljauw 

journals.sagepub.com/home/tae 39

randomized, controlled, multi-center trial. J Clin 
Endocrinol Metab 2007; 92: 3406–3416.

 18. Ross JL, Quigley CA, Cao D, et al. Growth 
hormone plus childhood low-dose estrogen in 
Turner’s syndrome. N Engl J Med 2011; 364: 
1230–1242.

 19. Baxter L, Bryant J, Cave CB, et al. Recombinant 
growth hormone for children and adolescents 
with Turner syndrome. Cochrane Database Syst 
Rev 2007; CD003887.

 20. van Pareren YK, de Muinck Keizer-Schrama 
SM, Stijnen T, et al. Final height in girls 
with turner syndrome after long-term growth 
hormone treatment in three dosages and low 
dose estrogens. J Clin Endocrinol Metab 2003; 88: 
1119–1125.

 21. Bell J, Parker KL, Swinford RD, et al. Long-term 
safety of recombinant human growth hormone 
in children. J Clin Endocrinol Metab 2010; 95: 
167–177.

 22. Darendeliler F, Karagiannis G and Wilton P. 
Headache, idiopathic intracranial hypertension 
and slipped capital femoral epiphysis during 
growth hormone treatment: a safety update from 
the KIGS database. Horm Res 2007; 68(Suppl. 
5): 41–47.

 23. Wooten N, Bakalov VK, Hill S, et al. Reduced 
abdominal adiposity and improved glucose 
tolerance in growth hormone-treated girls with 
Turner syndrome. J Clin Endocrinol Metab 2008; 
93: 2109–2114.

 24. Cutfield WS, Wilton P, Bennmarker H, et al. 
Incidence of diabetes mellitus and impaired 
glucose tolerance in children and adolescents 
receiving growth-hormone treatment. Lancet 
2000; 355: 610–613.

 25. Sas TC, Gault EJ, Bardsley MZ, et al. Safety 
and efficacy of oxandrolone in growth hormone-
treated girls with Turner syndrome: evidence 
from recent studies and recommendations for 
use. Horm Res Paediatr 2014; 81: 289–297.

 26. Menke LA, Sas TC, de Muinck Keizer-Schrama 
SM, et al. Efficacy and safety of oxandrolone 
in growth hormone-treated girls with Turner 
syndrome. J Clin Endocrinol Metab 2010; 95: 
1151–1160.

 27. Pasquino AM, Passeri F, Pucarelli I, et al. 
Spontaneous pubertal development in Turner’s 
syndrome. Italian Study Group for Turner’s 
Syndrome. J Clin Endocrinol Metab 1997; 82: 
1810–1813.

 28. Lunding SA, Aksglaede L, Anderson RA, 
et al. AMH as predictor of premature ovarian 
insufficiency: a longitudinal study of 120 Turner 

Syndrome patients. J Clin Endocrinol Metab 2015; 
100: E1030–E1038.

 29. Gravholt CH, Naeraa RW, Andersson AM, 
et al. Inhibin A and B in adolescents and young 
adults with Turner’s syndrome and no sign of 
spontaneous puberty. Hum Reprod 2002; 17: 
2049–2053.

 30. Torres-Santiago L, Mericq V, Taboada M, et al. 
Metabolic effects of Oral vs. Transdermal 17beta 
Estradiol (E2): a randomized clinical trial in girls 
with Turner Syndrome. J Clin Endocrinol Metab 
2013; 98: 2716–2724.

 31. Nabhan ZM, Dimeglio LA, Qi R, et al. 
Conjugated oral versus transdermal estrogen 
replacement in girls with Turner syndrome: a 
pilot comparative study. J Clin Endocrinol Metab 
2009; 94: 2009–2014.

 32. Zaiem F, Alahdab F, Al Nofal A, et al. Oral 
versus transdermal estrogen in Turner Syndrome: 
a systematic review and meta-analysis. Endocr 
Pract 2017; 23: 408–421.

 33. Ankarberg-Lindgren C, Elfving M, et al. 
Nocturnal application of transdermal estradiol 
patches produces levels of estradiol that mimic 
those seen at the onset of spontaneous puberty in 
girls. J Clin Endocrinol Metab 2001; 86: 3039–
3044.

 34. Quigley CA, Wan X, Garg S, et al. Effects of 
low-dose estrogen replacement during childhood 
on pubertal development and gonadotropin 
concentrations in patients with Turner syndrome: 
results of a randomized, double-blind, placebo-
controlled clinical trial. J Clin Endocrinol Metab 
2014; 99: E1754–E1764.

 35. Ross JL, Roeltgen D, Feuillan P, et al. Use of 
estrogen in young girls with Turner syndrome: 
effects on memory. Neurology 2000; 54:  
164–170.

 36. Sybert VP and McCauley E. Turner’s syndrome. 
N Engl J Med 2004; 351: 1227–1238.

 37. Hong D, Scaletta KJ and Kesler S. Cognitive 
profile of Turner syndrome. Dev Disabil Res Rev 
2009; 15: 270–278.

 38. Green T, Bade SS, Chromik LC, et al. 
Elucidating X chromosome influences on 
Attention Deficit Hyperactivity Disorder and 
executive function. J Psychiatr Res 2015; 68: 
217–225.

 39. Mazzocco MM. The cognitive phenotype of 
Turner syndrome: specific learning disabilities. 
Int Congr Ser 2006; 1298: 83–92.

 40. Nijhuis-van der Sanden MW, Eling PA and 
Otten BJ. A review of neuropsychological and 

https://journals.sagepub.com/home/tae


Therapeutic Advances in Endocrinology and Metabolism 9(1)

40 journals.sagepub.com/home/tae

motor studies in Turner Syndrome. Neurosci 
Biobehav Rev 2003; 27: 329–338.

 41. Temple CM and Shephard EE. Exceptional lexical 
skills but executive language deficits in school 
starters and young adults with Turners syndrome: 
implications for X chromosome effects on brain 
function. Brain Lang 2012; 120: 345–359.

 42. Chadwick PM, Smyth A and Liao LM. 
Improving self-esteem in women diagnosed with 
Turner syndrome: results of a pilot intervention. 
J Pediatr Adolesc Gynecol 2014; 27: 129–132.

 43. Heilbronner RL, Sweet JJ, Attix DK, et al. 
Official position of the American Academy 
of Clinical Neuropsychology on serial 
neuropsychological assessments: the utility 
and challenges of repeat test administrations in 
clinical and forensic contexts. Clin Neuropsychol 
2010; 24: 1267–1278.

 44. McCauley E, Feuillan P, Kushner H, et al. 
Psychosocial development in adolescents with 
Turner syndrome. J Dev Behav Pediatr 2001; 22: 
360–365.

 45. Schoemaker MJ, Swerdlow AJ, Higgins CD, 
et al. Mortality in women with Turner syndrome 
in Great Britain: a national cohort study. J Clin 
Endocrinol Metab 2008; 93: 4735–4742.

 46. Mortensen KH, Andersen NH and  
Gravholt CH. Cardiovascular phenotype in 
Turner syndrome-integrating cardiology,  
genetics and endocrinology. Endocr Rev 2012; 33: 
677–714.

 47. Gravholt CH, Landin-Wilhelmsen K, Stochholm 
K, et al. Clinical and epidemiological description 
of aortic dissection in Turner’s syndrome. Cardiol 
Young 2006; 16: 430–436.

 48. Hadnott TN, Gould HN, Gharib AM, 
et al. Outcomes of spontaneous and assisted 
pregnancies in Turner syndrome: the U.S. 
National Institutes of Health experience. Fertil 
Steril 2011; 95: 2251–2256.

 49. Gawron W, Wikiera B, Rostkowska-Nadolska B, 
et al. Evaluation of hearing organ in patients with 
Turner syndrome. Int J Pediatr Otorhinolaryngol 
2008; 72: 575–579.

 50. Mortensen KH, Cleemann L, Hjerrild BE, et al. 
Increased prevalence of autoimmunity in Turner 
syndrome – influence of age. Clin Exp Immunol 
2009; 156: 205–210.

 51. Conway GS, Band M, Doyle J, et al.  
How do you monitor the patient with Turner’s 
syndrome in adulthood? Clin Endocrinol  
2010; 73: 696–699.

Visit SAGE journals online 
journals.sagepub.com/
home/tae

SAGE journals

https://journals.sagepub.com/home/tae
https://journals.sagepub.com/home/tae
https://journals.sagepub.com/home/tae

