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CHAPTER 1 | Introduction and Outline

Turner syndrome

Turner syndrome (TS) is named after Henry Turner, who described the triad of short stature,
‘sexual infantilism’ and dysmorphic abnormalities in 1938." Later on, in 1959, TS was found to
be the result of the absence of one X-chromosome in women.? Nowadays, TS is known as a
common chromosomal disorder, with an incidence in the Netherlands between 1:2000 and
1:5000 in live born girls.3 The classic phenotype described by Henry Turner is still accurate,
although it is currently recognized that the clinical picture of TS is highly variable and ranges
from severe congenital lymphedema and cardiac anomalies to a milder phenotype of secondary
amenorrhea and/or unexplained infertility as presenting symptoms.

The diagnosis of TS is confirmed by karyotyping of at least 30 lymphocytes. Based on
this approach half of the patients are found to have a complete X chromosomal monosomy
(karyotype 45,X). In 30-40% of the patients a mosaicism of different karyotypes is found,
for example 45,X/46,XX, 45,X/47,XXX and 45,X/46,XY. In 5-15% of the cases one of the

X chromosomes has structural anomalies including an isochromosome, ring chromosome

or a deletion (Figure 1).4° In general, patients with a 45,X/46,XX karyotype have a milder

V

phenotype than those with 45,X.4°7

FIGURE 1

X-chromosomal abnormalities in Turner syndrome

l

normal female karyotype (46,XX)

complete monosomy (45,X)

(partial) deletion short arm Xp (46,X,del(Xp))

(partial) deletion long arm Xq (46,X,del(Xq))

isochromosome Xq (46,X,i(Xq))

ring chromosome (46,X,r(X))

Adapted from https://www.radboudumec.nl/Zorg/Ziektebeelden/Documents/1%20Turner.pdf
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Introduction and Outline

Growth and development
The disease spectrum of TS is broad and besides consultation for congenital anomalies,
recurrent otitis and developmental problems, the cornerstones of childhood care are treatment
with growth hormone (GH) to increase adult height and estrogen to induce puberty. Short
stature is the most common characteristic of TS. Untreated TS women in the northern part
of Europe reach a mean adult height of 147 cm. The main cause of reduced height is the lack of
the ‘short-stature homeobox-containing gene’ (SHOX-gene) located on the short arm, Xp, of
the X-chromosome.53° Although girls with TS are not GH deficient, supra-physiological doses
of GH are given resulting in an average adult height gain of 5-12 cm."s Differences in efficacy
of GH treatment can be explained by age at initiation and duration of therapy, compliance,
estrogen therapy regimen, and several, partly unknown, genetic factors.™34

During fetal development the ovaries initially develop normally, but already before birth an
accelerated regression with apoptosis of the oocytes and fibrosis of the stroma occurs.# In most
patients this causes non functional ovaries resulting in absence of spontaneous puberty and
infertility. Nevertheless 8-9% of the girls with monosomy 45,X and 40-47% of the girls with
45,X/46,XX develop (temporary) menstrual cycles.’>*® Following the induction of puberty (or
in case of insufficient estrogen production after a period of spontaneous puberty) hormonal
replacement therapy (HRT) is indicated. Several HRT regimens are available with different
formulations and doses of estrogens and different modalities of administration (continuous
or cyclic / oral or transdermal). In the international guidelines, it is recommended to base the
choice of HRT on age, personal preferences of the patient, complications of estrogen deficiency
and additional risk factors for osteoporosis and coronary heart disease.” In general HRT needs

to be continued until the normal age of menopause.”

Fertility

Spontaneous pregnancies occur in 2-8% of the women, most commonly in those with
45,X/46,XX."#2°When spontaneous pregnancy is notachieved, assisted pregnancy with oocyte
donation, besides adoption and foster care, can be considered. Pregnancy and implantation rates
after oocyte donation in TS are comparable to the normal population.” However, pregnancies in
TS are associated with an increased risk of miscarriage and fetal abnormalities,*** although not
all studies confirm an increased incidence of birth defects.* Pregnancy in TS, spontaneous or
assisted, is accompanied by an increased risk of cardiovascular morbidity, so careful counseling

including cardiac evaluations before and during pregnancy is warranted.?s

Structural cardiovascular disease
TS patients have an approximately 3-fold increased risk of age-related mortality, mainly due

to structural cardiovascular anomalies and unfavorable cardiovascular risk factors.?** A recent
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review on cardiovascular disease in TS estimated that of all TS patients up to 70% have some
form of congenital heart and/or aorta anomaly.>® The most common anomalies are obstructive
lesions of the left heart including a bicuspid aortic valve (15-30%) and coarctation of the aorta
(up to 17%).2® Also malformations of the left sided vessels -such as elongation of the transverse
aortic arch-, abnormal aortic arch vessels and anomalies of the large thoracic veins are more
common than in the general population.® Especially at adult age a bicuspid valve can lead to
aortic valve stenosis and regurgitation.3>3' Furthermore, patients with bicuspid aortic valve and
(surgically corrected) coarctation are assumed to have an increased risk of aortic dilation and
dissection.®*3+ The incidence of dilation in TS increases with age and dilation can already be
presentin the second decade of life.353° Aortic dissection also occurs atan earlier lifespan than in
the general population: it is reported already from the third decade on with a life-time chance
of 1-2 percent of the TS women.»373® Regardless of the presence of a cardiac or aortic congenital
anomaly, follow-up for aortic dilation is essential from childhood on.” In (induced) pregnancy
the risk of aortic dissection is assumed to be even higher, so cardiovascular screening before and

during each pregnancy is strongly advised.>+

Non-structural cardiovascular disease

Additional to the structural abnormalities, the prevalence of atherosclerosis is doubled and the
risk of ischemicheart disease isincreased with a standardized mortality ratio of 3.5.3%4° Coronary
heart disease in TS is determined by the relatively high prevalence of hypertension, insulin
resistance and diabetes, dyslipidaemia and estrogen deficiency.”® Hypertension is reported
in up to half of the adult women with TS and is idiopathic in the majority of the patients.3+3°
Diabetes mellitus type 1and 2 are respectively 11 and 3-4 times more common in TS than in the
normal population.# The prevalence of diabetes type 2 is probably related to body mass index
(BMI), since Bakalov et al. found a prevalence of diabetes type 2 in 25% of a young American TS
population (BMI 28.9 + 7.7 kg/m?), while Landin-Wilhelmsen et al. reported a prevalence of 3%
in a similar age group around 30 years old (BMI 25.9 + 5.0 kg/m?).4>4 Independent of BMI, total
cholesterol, low density lipoprotein cholesterol and triglycerides are elevated in 37-50 percent
of the TS women.#°4445 Furthermore, up to 21% of the adult TS women have a prolonged QTc

interval .45+

Osteoporosis

Decreased bone mineral density (BMD) is frequently reported in women with TS. Estrogen
deficiency plays an important role in the etiology, however low BMD despite adequate HRT
is reported.+%4° Probably, achievement of optimal peak bone mass during adolescence is
essential,5*5* since it was reported that TS patients with spontaneous menstruation have

normal BMD.5 Besides estrogen deficiency, a primary defect in bone formation, most likely
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due to haploinsufficiency of SHOX gene, seems to be an important contributing factor to
the pathogenesis of osteoporosis as well.55° A selectively decreased cortical BMD, rather
than trabecular BMD, is suggested.+*575% However, the exact burden of osteoporosis in the
TS population is uncertain. The high frequency of osteoporosis, up to 80%, observed in TS
patients is probably an overestimation, because short stature —especially a height below 150
cm- causes false low areal BMD measurements.5+52¢° Using volumetric BMD measurements,
either direct measurements with computed tomography or indirect calculations, instead of
areal measurements to correct for height, can partly overcome this problem.** Nevertheless, a
higher fracture risk in TS, varying from 24-32%, has been reported. The fracture risk is elevated
due to the combination of diminished BMD and a higher incidence of falling.5s¢* Especially
forearm fractures, probably related to frailty of cortical bone, are more common with a relative

risk of 1.9.6>%

Auto-immunity

Diseases related to autoimmunity are frequently reported in TS and the incidence increases
with age.®+% Mortensen et al. found that auto-antibodies (against gliadin, transglutaminase,
adrenal cortex, intrinsic factor, thyroid peroxidase and glutamic-acid-decarboxylase 65 or a
combination thereof) are present in 58% of the patients with TS.%+ Especially, autoimmunity of
the thyroid (anti-TPO, 45%) and celiac disease (18%) were present. Concerning clinical disease,
as many as 16-30% of the TS population develop auto-immune hypothyroidism,®+° and celiac
disease is seen in around 5% of the adult TS population.®+% To alesser extent, other autoimmune
diseases like diabetes mellitus type 1 (relative risk 11) and inflammatory bowel disease (relative
risk 2-3) are mentioned in relation to TS.# The pathophysiology of these autoimmune
phenomena is unclear. It is suggested that auto-immunity is more common in patients with an
isochromosome (46,X,iXq).*® Others found that both TS women and women with premature
ovarian failure have an increased incidence of Hashimoto’s thyroiditis, suggesting a role for

estrogen as well.®®

Ear and hearing problems

In childhood there is a high prevalence of middle ear infections and related conductive hearing
loss7°7t Adult patients often experience sensorineural hearing loss, which starts with a typical
mid-frequency dip already during adolescence.>73 Also, progressive sensorineural high-
frequency loss manifests earlier in TS women than in the normal population, especially in
those patients with a previous mid-frequency dip.7# The need for a hearing aid is frequent with
arange from 27% in a younger population to 44% in those above 35 years old.”> TS patients with
monosomy 45,X or isochromosome 46,X,i(Xq) are supposed to be more prone to hearing

problems than those with mosaicism or other structural X-chromosomal anomalies.’s7°
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This suggests that the locus for hearing impairment in TS may be located on the short arm,
Xp. Furthermore, due to the presence of estrogen receptors in the human inner ear, estrogen

deficiency is probably a contributing factor in hearing problems as well 777

Psychological problems

Besides the physical aspects, women with TS may report various psychological problems.
Girls with TS have a distinct neuro-cognitive profile characterized by a normal to high verbal
intelligence quotient (VIQ) and a decreased performance IQ (PIQ).7%% Cognitive problems
commonly persist until adulthood and the diminished performance on non-verbal skills make
adult women with TS prone to impairments in visual-motor integration, attention, (working)
memory, executive function and spatial cognition’2® In addition, women with TS report
more social isolation, shyness, social anxiety and problems in relationships. #-% Furthermore,
women with TS have a high rate, estimated at 36%, of lifetime depression and an increased risk

for developing autism and attention-deficit hyperactivity disorder.5+5¢

For a schematic overview of TS associated morbidity see Table 1.
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TABLE 1
Abnormalities in Turner syndrome (adapted from Gravholt® and others?8:2%:33.3436:404243,4546,64-67.72,112:115)
Organ system Abnormality Frequency (%)
Reduced adult height 95-100
Gonadal dysgenesis No pubertal development 85
Infertility 98
Chronic estrogen deficiency 95-98
Eyes Epicanthus 20
Nearsightedness 20
Strabismus 15
Ptosis 10
Ears Otitis media ~60
Conductive hearing loss 0-40
Sensorineural hearing loss 4-66
Deformity of the external ear 15
Hearing loss requiring hearing aid 27-44
Mouth Micrognatia 60
High arched palate 35
Neck Low posterior hairline 40
Broad short appearing neck 40
Pterygium colli (webbed neck) 25
Skinfold in the back of the neck of newborns 25
Thorax Broad chest with widely spaced nipples 30
Inverted nipples 5
Skin, nails, hair Increased skin ridge count 30
Lymphedema of hands and feet 25
Multiple pigmented naevi 25
Nail hypoplasia 10
Alopecia 5
Vitiligo 5
Skeleton Bone age retardation 85
Osteoporosis or osteopenia 50-80
Cubitus valgus 50
Short 4th metacarpal bone 35
Genu valgum 35
Congenital hip luxation 20
Scoliosis 10
Madelungs deformity 5
Heart-aorta Heart-aorta deformities (congenital) 22-70
Bicuspid aortic valves 15-30
Coarctatio aortae up to 17
Aortic dilation/aneurysm 3-42
Elongation of the transverse aortic arch ~50
Prolonged QTc interval ~20
Stomach, intestines, liver Chronic inflammatory bowel disease <1
Celiac disease 4-6
Elevated hepatic enzymes 36-80
Kidney Renal anomalies 28-38
Endocrine Autoimmune hypothyroidism 16-30
Diabetes mellitus type 1 0.5-5
Diabetes mellitus type 2 3-25
Glucose intolerance 7-50
Hypertension up to 50
Dyslipidemia 37-50

15
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Multidisciplinary care in adult TS patients

Since GH treatment and induction of puberty requires strict pediatric follow-up, traditionally
the care for patients with TS is focused on girls. Many patients were lost to follow-up after
induction of puberty.4¥-9° However, the need for ongoing care for adult patients is increasingly
recognized. The mean life expectancy is reduced by 13 years and there is an approximately 3-fold
increased age-related mortality risk.2+ This has lead to expert-based international guidelines
for the care of TS patients, taking into account the broad spectrum of morbidity in adult women,
warranting vigorous follow-up and treatment.+7* A screening protocol for medical follow-up

is depicted in Table 2.

TABLE 2
Screening protocol for adults with Turner syndrome (adapted from Bondy,"” Saenger? and Conway''®)

Investigation Once Every 1-2 yrs¢ Every 3-5 yrs¢

Height, weight, blood pressure, auscultation of the heart
Creatinin, blood urea nitrogen, ASAT, gamma-GT, TSH,
Celiac serology® X
Karyotype

Renal ultrasound

Pelvic ultrasound

X X X X

Audiogram®
Cardiac ultrasound and electrocardiogram X
MRI aorta (thoracic and abdominal)

Bone mineral density measurement (DEXA) X

ASAT=aspartate-aminotransferase; gamma-GT=gamma glutamyl transpeptidase; TSH= thyroid stimulating hormone;

fT4=free thyroxine; HbA1c=glycated hemoglobin.

2 |gA antibodies to tissue transglutaminase and endomysium; in case of IgA deficiency, IgG antibodies were
measured

b repeat at age of 40

< frequencies are increased when abnormalities are found

The morbidities associated with TS in adults lie within the fields of different medical and
paramedical professions, making multidisciplinary collaboration essential. Proper transition
from pediatric to adult care is important, considering the fact that TS-related conditions
diagnosed during childhood require ongoing follow-up. For example congenital anomalies
of the heart and/or aorta require regular investigations at adult age because of the risk of late
complications.3»9+9 Collaboration is particularly important during pregnancy. Considering the
increased risk of aortic dilation and dissection during pregnancy, cardiac evaluations before and

during pregnancy are called for, especially when congenital heart disease and/or hypertension
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is present.®s Since medical care for TS throughout adult life is advocated, several specialized
TS clinics have been established in the United States and Europe.+79* Nevertheless, the medical
care for TS patients needs improvement. A French group reported that only 3.5% of the adult
population received appropriate medical care and in a Belgian cohort 12.7% of the women
lacked medical attention despite reported health problems.® It was reported that in the
United States only one third of the adult TS women had undergone the three examinations
considered standard care (renal and cardiac ultrasound and audiology).® Also, an inventory
in the Netherlands showed that only a minority of the patients continued to receive adequate
medical care after discharge from pediatricians’ follow-up.®° In order to provide appropriate
medical care for TS women, the Radboudumc opened a multidisciplinary Turner clinicin 2005.
The aim was to ensure an adequate transition from pediatric to adult care, optimize screening
and treatment of TS related conditions in adults, and to provide optimal HRT and fertility
counseling.

In Chapter 2 we describe our study on the effectiveness of an approach to medical care of
TS women as advocated in published expert opinion based guidelines. The aim of this study
was to investigate the yield of an initial comprehensive screening for TS-associated morbidity
in a large group of adult patients in a single Dutch center in order to answer the question if the

burden of screening is justified by the yield of new diagnoses.

Karyotyping in Turner syndrome

With standard karyotyping of 30 blood lymphocytes a 10% chromosomal mosaicism can be
identified with a 95% confidence interval.739¢+ However, standard karyotyping might not be
sufficient for comprehensive genotyping. Firstly, it does not rule out low-grade mosaicism in
blood lymphocytes and secondly, it does not rule out tissue mosaicism, i.e. the coexistence of
differentkaryotypesacross differentbody tissues. The idea of tissue mosaicism is established by
the assumption that fetuses with apparent 45,X must have a parallel normal cell line to survive
to term. This theory is strengthened by the fact that 45,X is much more common in still-born
fetuses than in live born girls with TS.959¢ Several reports on TS patients confirm the presence
of tissue specific mosaicism.* Comprehensive karyotyping is important for gaining insight
in genotype/phenotype correlations, but also appears to be relevant for individual patients
when it comes to mosaicisms that include a Y chromosome. Y chromosomal material in TS
is associated with the development of gonadoblastoma in the streak ovaries and when found
on standard karyotyping, prophylactic gonadectomy is performed, to prevent the development
into a malignant dysgerminoma.'*® The need for gonadectomy when a Y chromosome is found

in another tissue besides blood lymphocytes has not been established.
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In chapter 3 we describe our study that was aimed at evaluating whether conventional
karyotyping of blood lymphocytes is accurate for full understanding of the karyotype. We
investigated the role of additional cytogenetic investigations using different techniques
including fluorescentin situ hybridization and real-time polymerase chain reaction in additional

tissues such as buccal mucosa cells.

Long term effects of oxandrolone treatment

The results of routine GH treatment in TS girls are not always optimal. Therefore, in previous
studies higher doses of GH have been investigated, as well as the addition of androgens. Given
the fact that androgens are important mediators of growth, it seems worthwhile to investigate
the effects of androgen treatments on adult height gain. Oxandrolone (Ox), a synthetic, non-
aromatizable anabolic androgenic steroid derived from testosterone, has been previously tested
to enhance growth in TS. Ox has a high anabolic to androgenic ratio (10:1), which means that Ox
gives less virilizing effects compared to testosterone.™ Nevertheless, in the initial studies on
Oxin TS, where dosages of 0.1 mg/kg per day or higher were used, the dose had to be frequently
lowered due to virilization and early bone maturation.'*>o+

More recently three randomized controlled studies on the growth enhancing effect of lower
than conventional doses of Ox in addition to GH have been published.”>s*” This includes the
Dutch Turner Oxandrolone Study, a collaborative initiative of ten pediatric endocrine centers
in the Netherlands. Participants of this randomized double-blind placebo controlled trial were
recruited between 1991 and 2003.1% In total 133 girls were included and blindly randomized to
receive Ox in a dose of 0.03 mg/kg/day (Ox 0.03) or 0.06 mg/kg/day (Ox 0.06) or placebo (Pl)
orally after reaching the age of 8 years. Furthermore the girls were treated with GH (1.33 mg/
m?/day) from baseline and, when spontaneous puberty was absent, with estrogen from the age
of 12 years.

The main results of the pediatric study were that compared to GH+Pl, GH+Ox 0.03
increased adult height gain —final minus predicted adult height— (9.5 vs. 7.2cm in GH+P]) at
the cost of mild deceleration of breast development (Figure 2). At the higher dose, Ox 0.06, no
significant increase in height gain was found (8.3 vs. 7.2cm in GH+Pl), probably due to faster
bone maturation and premature discontinuation of Ox because of virilizing side effects. In the
GH+Ox 0.06 group significantly more girls reported subjective virilization. Findings in both
Ox groups included a decrease in fat mass, an increase in muscle mass and lowering of the voice
pitch, which were initially in the higher range, to normal voice frequencies in most cases. %1%
There were no effects of Ox on behaviour, aggression, romantic and sexual interest, mood, and

gender role.”® Furthermore no effects on glucose metabolism were established.™
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FIGURE 2
Adult height gain in the intention-to-treat analysis (A) and per-protocol analysis (B). Diamonds represent adult height
gain of the individual patients; lines represent mean adult height gain per dosage group.
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So far, previous studies on Ox in TS were focusing on the short-term effects in children and
adolescents and long-term follow-up data were lacking. In this part of the thesis we report the
results of our follow-up investigations in the Dutch Turner Oxandrolone Study cohort. The
aim of these follow-up studies was to assess the long-term effects of the different treatment
regimens of the trial (GH and estrogen with or without Ox 0.03 or Ox 0.06). The above
mentioned beneficial and adverse effects on growth, body proportions, body composition,
metabolic parameters and psychological items may or may not carry on beyond adolescence.
The original participants of the Dutch Turner Oxandrolone Study, who have now reached an
adultage, were investigated. We explored whether beneficial effects of auxiliary treatment with
Ox are permanent and outweigh adverse effects that may be temporary. A broad spectrum of
outcome parameters was investigated. In chapter 4 we discuss the long-term effects of Ox
on height, body proportions and composition, virilization and cardiovascular risk profile. In
chapter 5 the effects on neurocognition, quality of life and social-emotional functioning are
discussed. In chapter 6 we focus on the influence of Ox on hearing with additional analyses to

establish the genetic basis for hearing problems in TS.

20
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Standardized multidisciplinary evaluation yields significant previously
undiagnosed morbidity in adult women with Turner syndrome
ABSTRACT
Context

Besides short stature and gonadal dysgenesis Turner syndrome (TS) is associated with various
abnormalities. Adults with TS have a reduced life expectancy mainly related to structural
abnormalities of the heart and aorta, and an increased risk of atherosclerosis.

Objective

Our objective was to investigate the yield of an initial standardized multidisciplinary screening
in adult TS patients.

Design

This was an observational study at a multidisciplinary care unit for adult women with TS.
Participants

Participants were adult women with TS (n=150). Mean age 31.0+10.4 years, 47% karyotype 45,X.
Interventions

All women were consulted by an endocrinologist, a gynecologist, a cardiologist, an
otorhinolaryngologist, and when indicated, a psychologist. The screening included magnetic
resonance imaging of the heart and aorta, echocardiography, electrocardiogram, dual-energy
x-ray absorptiometry, renal ultrasound, audiogram and laboratory investigations according to
international expert recommendations.

Main outcome measures

New diagnoses and prevalences of TS associated morbidity were evaluated.

Results

Thirty percent of patients currently lacked medical follow-up and 15% lacked estrogen
replacement therapy in the recent last years. The following disorders were newly diagnosed:
bicuspid aorticvalve (n=13), coarctation of the aorta (n=9), elongation of the transverse aorticarch
(n=27), dilation of the aorta (n=34), osteoporosis (n=8), osteopenia (n=56), renal abnormalities
(n=y), subclinical hypothyroidism (n=33), celiac disease (n=3), glucose intolerance (n=12),
dyslipidaemia (n=52), hypertension (n=39), and hearing loss warranting a hearing aid (n=8).
Psychological consultation was needed in 23 cases.

Conclusions

Standardized multidisciplinary evaluation of adult women with TS as advocated by expert
opinion is effective and identifies significant morbidity. Girls with TS benefit from a careful

transition to ongoing adult medical care.
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INTRODUCTION

Turner syndrome (TS) is the result of complete or partial absence of one X chromosome and
one of the most common sex chromosomal abnormalities with an incidence of approximately
1:2000 in live born girls.! Besides short stature, gonadal dysgenesis, and dysmorphic features
TS is associated with a wide range of abnormalities affecting nearly every organ system.
Girls with TS are usually treated with growth hormone to increase adult height and with
oestrogens to induce puberty. Hormone replacement therapy (HRT) has to be started either
following induction of puberty or when oestrogen production becomes insufficient after initial
spontaneous puberty.

Also in adulthood, TS is associated with significant morbidity. There is a ~3 fold increased
age related risk of mortality mainly caused by structural cardiovascular anomalies and
atherosclerosis related to hypertension, diabetes and dyslipidaemia.? In addition, women with
TSare proneto develop hypothyroidism, osteoporosis, hearingloss, neurocognitive deficits, and
emotional problems.>* In recent years the enhanced morbidity and mortality in adults with TS
as well as the ensuing need for regular medical attention are increasingly recognized. Especially
the transition from pediatric to adult care is a point of concern. Many young women are lost
to regular medical follow-up after discharge from the pediatric clinic. Several specialized TS
clinics have been established in the US and Europe to provide a coordinated multidisciplinary
care service. Based on the experience of these centers, recommendations for standard of care
and periodic screening have been put forward. 57 Despite these efforts, however, adult women
with TS often lack appropriate medical attention.®* In a young French TS population, only
3.5% received appropriate medical care.® In an adult US TS population, only one third had
undergone the three examinations considered standard care for TS women, i.e. cardiac and renal
ultrasound, and audiology.* In a Belgian cohort, 12.7% lacked medical attention despite reported
health problems and 14.5% lacked HRT.? An inventory among Dutch TS women previously
followed at a single pediatric clinic showed that appropriate specialist care was continued in
only a minority.”

Our multidisciplinary care unit for TS women was established in 2005 and is the largest
facility in the Netherlands. Our approach was adapted from international guidelines for care
in TS patients.57 The yield of screening as advocated in these guidelines was not previously
examined. In light of the question whether the burden of screening is justified by the yield
of new diagnoses, and whether the approach is cost-effective, the aim of this study was to
investigate the yield of an initial comprehensive screening for TS associated morbidity in a large

group of adult patients in a single Dutch center.
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PATIENTS AND METHODS

Patients

The study included 150 consecutive adult TS patients who underwent an initial evaluation
between May 2005 and June 2009. Mean age was 31.0 * 10.4 years. The diagnosis TS was

established by standard karyotyping of 30 peripheral lymphocytes (Table 1).5

TABLE 1
Patients characteristics (n=150)
Physical examination Mean (SD)
Age (yr) 31.0(10.4)
Height (cm) 153.2(7.5)
Weight (kg) 61.6(13.6)
BMI (kg/m2)? 26.2(5.5)
Karyotype Percentage
45X 47%
45,X/46,XX° 12%
45,X/47 XXX 3%
45,X/46,X,i(Xq) 14%
45,X/46,X,del(X) 5%
45,X/46,XY or marker Y 3%
45,X/46,X,r(X) 3%
46,X,i(Xq) 3%
46,X,del(X) 2%
Others® 5%
Pending? 3%
Medical care prior to investigation Percentage
Direct transition from pediatric care 17%
Specialist care® 53%
Gynecologist 36%
Internist 7%
Cardiologist 2%
Combination of more than one specialist 8%
No medical care 30%

BMI= body mass index

2 No difference in patients with and without diabetes

®Including one patient with mosaicism trisomie 21 as well

¢Four patients with a mosaicism containing more than two cell lines, two patients with a marker chromosome, and
two patients with a translocation with chromosome 13

9 Patients were diagnosed with TS elsewhere; confirmation in our laboratory is pending

¢ Of these patients 6 had lacked medical attention during a mean period of 18.5 years earlier in life
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Seventy-six percent of the women had received regular pediatric care during childhood and 56%
of the women had been treated with growth hormone. Of 150 patients, 26 were directly referred
for transition from pediatric to adult care within our centre. Seventy-nine patients already
received regular medical care by either a gynecologist, cardiologist, and/or endocrinologist.
Forty-five patients had lacked medical follow-up by any specialist, with a mean period of
approximately 12 years before attending the clinic. The patients lacking medical follow-up were
older than those with medical follow-up (37.5 vs. 28.2 years, P value < 0.01) and mean time since

diagnosis was longer (26.7 vs. 17.0, P value < 0.01).

Screening

All patients underwent a standardized medical evaluation adapted from expert opinion
recommendations,s” which consisted of consultation (history and physical) by an
endocrinologist, gynecologist, cardiologist, otorhinolaryngologist and, in a selected group
of patients, a psychologist. The work-up included laboratory investigations and imaging, as

indicated in Table 2.

TABLE 2

Screening protocol for adults with Turner syndrome (adapted from Bondy®, Saenger®, Conway’)
Investigation Once Every 1-2 yrs¢ Every 3-5 yrs¢
Height, weight, blood pressure, auscultation of the heart X

Creatinin, blood urea nitrogen, ASAT, gamma-GT, TSH,
T4, total cholesterol, low-density cholesterol, high-density
cholesterol, triglycerides, glucose, HbA1c, urine dipstick
analysis

Celiac serology® X
Karyotype
Renal ultrasound

Pelvic ultrasound

X X X X

Audiogram®
Cardiac ultrasound, including electrocardiogram
MRI aorta (thoracic and abdominal)

Bone mineral density measurement (DEXA)

ASAT=aspartate-aminotransferase; gamma-GT=gamma glutamyl transpeptidase; TSH= thyroid stimulating hormone;
fT4=free thyroxine four; HbA1c=glycated hemoglobin.

2|gA antibodies to tissue transglutaminase and endomysium; in case of IgA deficiency, IgG antibodies were measured
brepeat at age of 40

cfrequencies are increased when abnormalities are found
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MRI scans were performed using Avanto 1.5T (Siemens, Erlangen, Germany). The protocol
consists of dark blood (TSE db T1) and TRUFI images. Diameters of the aorta were measured at
the level of the sinuses of Valsalva, the right pulmonary artery, the origin of the left subclavian
artery, the left atrium, the diaphragm, the kidney arteries, and just above the bifurcation of the
abdominal aorta. Also, the largest cross sectional diameters of the thoracic and abdominal aorta
were measured.

Echocardiographic evaluation was performed according to the American Society of
Echocardiography recommendations. All examinations were performed by the same clinician
(J.T.), using the echocardiography machine Vivid 7 or System Five (GE-Vingmed, Horten,
Norway) connected to a phased-array probe (2.5 and 3.5 MHz). Digitized measurements of the
aortic root were made in 2-dimensional parasternal long-axis views at end-diastole using the
leading-edge technique at four aortic levels: the annulus, the sinuses of Valsalva, the supra-
aortic ridge, and the proximal ascending aorta. The largest aortic diameter obtained in these
views was described.

A twelve lead electrocardiogram (ECG) was performed to diagnose conduction or
repolarization abnormalities.

Bone mineral density was measured at the lumbar spine (Li-L4) and the right femoral neck
using a QDR 4500 densitometer (Hologic, Zaventem, Belgium). Bone mineral density was
expressed as T- and Z-scores based on a normal reference population.

Standard renal ultrasound was performed for assessment of morphological abnormalities.

Hearing measurements were conducted according to standard audiometric methods (ISO
389) in a sound proof room. Air conduction thresholds were measured in dB hearing level at
0.25, 0.5, 1, 2, 4, and 8 kHz and bone conduction thresholds were measured in dB hearing level

ato.s, 1,2, 4,and 8 kHz.

Data Analysis and Statistics

The analysis was restricted to the findings of the initial evaluation. No data of subsequent
follow-up visits are presented. We recorded all newly identified diagnoses. In case of previous
diagnoses, relevant changes in treatment were recorded. Case finding definitions are given in
Table 3. For individual patients TS-related disease burden was calculated as the total number
of diagnoses among the following principal stigmata (maximum score of fourteen): bicuspid
aortic valve, coarctation of the aorta, elongation of the transverse aortic arch, dilation of the
aorta, diabetes, glucose intolerance, hypertension, dyslipidaemia, osteoporosis or osteopenia,
(subclinical) hypothyroidism, celiac disease, renal anomalies, liver enzyme disturbances and
hearing loss requiring a hearing aid.*# Results are expressed as mean (standard deviation), unless

mentioned otherwise. In order to analyze which patients benefit most from the standardized
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screening, we performed a subgroup analysis and compared the yield of diagnoses between
patients with different times since initial diagnosis, patients with or without previous care and
patients with monosomy 45,X versus patients with other karyotypes. For subgroup analyses
and comparisons of means, Student’s t-test or Chi-square tests were used where appropriate.

We used Statistical Package for the Social Sciences version 16.0 (SPSS, Inc., Chicago, Illinois).

Data were collected under conditions of regular clinical care, with institutional review board

approval obtained for the use of these data for scientific reasons.

TABLE 3

Case finding definitions

Case finding definition

Congenital anomalies of the heart/aorta Bicuspid aortic valve, coarctation of the aorta, elongation of the
transverse aortic arch

Dilation of the aorta Dilation of the ascending aorta based on BSA corrected values'
and/or local or fusiform dilation of the descending aorta

Diabetes Diabetes: random glucose > 11,1 mmol/l or Hbalc = 6.5 mmol/I
Impaired glucose tolerance: random glucose between 7.8 mmol/I
and 11.1 mmol/l or HbA1c between 5.7% and 6.4%*!

Hypertension Use of antihypertensive medication or systolic blood pressure > 140
mmHg and/or a diastolic blood pressure > 90 mmHg

Dyslipidemia Total cholesterol (TC) = 5.50 mmol/l and/or high density lipoprotein
cholesterol (HDL-C) < 1.10 mmol/l and/or low density lipoprotein
(LDL-C) = 3.50 mmol/l and/or triglycerides (TG) = 2.20 mmol/I
(random lipid profiles)

Diminished bone mineral density Osteoporosis: T-score below or equal to -2.5 SD. Osteopenia: T-score
between the -1.0 and -2.5 SD

Hypothyroidism Hypothyroidism: thyroid stimulating hormone above upper reference
limit of 4.0 mE/l and free thyroxin below lower reference limit of 8.0
pmol/I
Subclinical hypothyroidism: thyroid stimulating hormone > 4.0 mE/|
and free thyroxin within normal range (8.0-22.0 pmol/I)

Structural anomalies of the kidney Horse shoe kidney, duplication of the collecting system, agenesis and
rotation as TS specific renal malformations

Liver enzyme elevation Gamma-GT > 35 U/l and/or ASAT > 40 U/I

BSA=body surface area; gamma-GT=gamma-glutamyl transpeptidase; ASAT= aspartate-aminotransferase;
TS=Turner syndrome
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RESULTS

New diagnoses and total prevalence of morbidity are summarized in Table 4 and Figure 1. The
disease burden in individual patients was 1.2+1.2 diagnoses before screening and 3.5+1.9 