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Turner syndrome (TS) is the most frequent female chromosomal abnormality, with a higher overall mortality rate than the general population;
cardiovascular events are a significant risk factor. Cardiovascular manifestations in TS include congenital heart diseases, in addition to acquired
heart diseases such as acute aortic dissection, stroke, myocardial infarction, and hypertension. Growth hormone-insulin growth factor 1 axis
abnormality, estrogen hormone deficiency, liability for diabetes mellitus, and dyslipidemia all are endocrine risk factors affecting cardiovascular
health in TS. Heart anatomical defects should be closely monitored for progression and associated complications throughout the patient’s

lifetime by a skilled cardiologist.
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INTRODUCTION

Turner syndrome (TS) is a condition in which all or a portion
of an individual’s cells lack the second sex chromosome. It is
the most prevalent chromosomal defect in females, impacting
one out of every 2500 live-born girls."! Short stature, ovarian
dysgenesis, poor sexual development, cardiac and/or renal
anomalies, low-set ears, webbed neck, and skeletal deformities
including cubitus valgus, hearing difficulties, and susceptibility
to ear infections are all common clinical characteristics of
TS.2! According to an observational study, TS patients had
a three-fold higher overall mortality rate than the general
population.?®! Cardiovascular events, which occur in 41% of
patients, are a significant risk factor.!

CARDIOVASCULAR MANIFESTATIONS IN TURNER
SYNDROME

Cardiovascular abnormalities are a major area of concern both
during pregnancy and after birth. Fetal loss is believed to be
99% due to heart abnormalities that are not compatible with
life,’! whereas aortic coarctation and bicuspid aortic valve
are more frequently occurring live birth defects.[! Aortic
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aneurysms and dissections at a young age are associated
with an increased risk of death later in life. Hypertension
and diabetes mellitus are substantially more common among
young adults than in the general population.l” Cardiovascular
manifestations of TS can be classified into the following:

Congenital heart diseases

Fetal sonography performed at gestational weeks of 11-14 is
used to screen for TS in the early stages of pregnancy.®® Nuchal
translucency is common in karyotyping consistent with TS,
and this fetal appearance is associated with a poor prognosis
for fetal malformations, including cardiac and skeletal
malformations.””’ Neck webbing is a postnatal manifestation
of lymphedema in the lower neck region of patients with TS.
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Due to the association between this external characteristic and
congenital heart disease (CHD) in TS, a pivotal relationship
between lymph buildup and CHD had been hypothesized."!

Types of congenital heart disease in Turner syndrome
CHD spectrum extends from minor simple defects to serious
and extremely complex abnormalities; consequently, while
some lesions are asymptomatic,!'! others are incongruous with
a normal life span or even the survival of a fetus.['”! The type
of research conducted, the range of defects assessed, and the
karyotype distribution within the examined cohort all have an
effect on the frequency of CHD that is reported. The increased
early life death rate due to severe CHD may introduce selection
bias into research achieved in adolescent years, as less severe
cardiac phenotypes survive longer as individuals aged,"! these
cardiac defects include:

Bicuspid aortic valve

About 15%-30% of TS patients have a bicuspid aortic valve,!'
in comparison with 1%—-2% of the general population.t'*
Aortic valve anomalies of an instantaneous severity, such
as aortic valve congenital stenosis or dysplasia, may occur
infrequently in infants with TS.I' In children, the outcomes of
having a bicuspid aortic valve are optimistic, with the chance
of related morbidity increasing with age.['3] Although few
pediatric studies on aortic valve function in TS exist, adult TS
females with bicuspid aortic valve have stenosis in 28%—46%
of patients and regurgitation in 42%-50% of patients.'!l A
critical and significant point for clinicians is that with bicuspid
aortic valves, the yearly incidence of endocarditis in the overall
population rises by 0.3%—2%;!'3! therefore, because TS females
are more likely to have bicuspid aortic valves, the probability
of endocarditis must be higher in these women.!'”)

Coarctation of the aorta

It is found in up to 17% of females with TS,!"*!" in comparison
with 0.04% in the general population.l'¥ Coarctation of the
aorta (COA’s) severity in TS has gotten scant attention. The
frequency with which COAs are repaired is 5%—12% in
childhood and adulthood.'” Furthermore, cardiac magnetic
resonance (CMR) has revealed undetected COA in 5%—8%
of patients.!'!) Notably, correcting the coarctation may not
eliminate the risk of aortic dissection, as dissections can occur
even years after repair.l!

Numerous congenital heart diseases can be found in
patients with Turner syndrome, including the following
Ventricular septal defects are found in 1%—4% of TS patients,
while atrial septal defects are present in 1%-2% of them,!'*!®!
on the other hand partial anomalous pulmonary venous
drainage are present in 13%—15% of TS patients, persistent
left superior vena cava (in 8%—13%)."1 Interrupted inferior
vena cava and pulmonary valve stenosis are also congenital
heart diseases reported in TS patients."

CHD is detectable in both monosomy!'®'"l and mosaic
karyotypes,©®) demonstrating the diversity of CHD in TS. In
addition, distinctive external morphological characteristics

could be present or not to direct attention toward congenital
heart defects, and there is not always a perfect match between
exterior phenotype and congenital cardiac disease.*”

Acquired heart diseases

With an elevated risk of acute aortic dissection, stroke, and
myocardial infarction, these acquired heart diseases are the
primary cause of mortality in TS.Y Although acquired heart
disease adds more to all causes of mortality as people get older,
it can be hard to differentiate between congenital and acquired
heart disease and numerous adverse features, including aortic
dilation,"! proarrhythmic traits,?” and hypertension,** appear
to be interrelated and persistent in T'S.

Hypertension

Blood pressure is increased in TS patients of all ages.!**!
Children and adolescents suffer from hypertension at a rate of
21%-40%,1>¥ whereas adults suffer at a rate of 50%—58%.[!"!
Hypertension impacted the diastolic, systolic, and pulse
pressures with a blunted nocturnal dipping phase characteristic
of TS.3 Hypertension is linked to a considerable increase in
morbidity and mortality,['? and unfortunately, there is a high
rate of nondiagnosis, with approximately only 4%-22% of
patients receiving therapy.*”! No evidence exists to support
the use of specific antihypertensive therapy in TS; hence,
the therapeutic agent should be chosen based on general
guidelines where blood pressure reduction is the primary
target.[>!

EnpocrinNe AND MeTaBoLic Risk FACTORS AFFECTING
CARDIOVASCULAR HEALTH IN TURNER SYNDROME

Growth hormone deficiency or resistance

There is an unresolved inequity in the “growth
hormone (GH)-insulin growth factor-1 and insulin growth
factor binding protein” axis. This abnormality could be due to
relative resistance to GH actions,*®! GH synthesis failure, or
enhanced serum binding.?” Some studies have reported that
GH secretion, both spontaneous and induced, is reduced,!
whereas others have revealed normal GH secretion.[*”!
Given this knowledge base on GH signaling in TS, as well
as the fact that normal ultimate height can be achieved with
supraphysiological dosages of recombinant human GH,P"
treatment should begin in infancy to allow for proper skeletal
catch-up, and it should be stopped when the child reaches his
or her final height or the point at which growth potential is
exhausted.P*!

Excess GH, on the other hand, can produce calcifications in
the mitral and aortic valves, arrhythmia, and hypertension.?
Thus, there is a potential for serious cardiovascular effects
when higher doses of recombinant GH are given over several
years to young girls with TS, and it would be extremely
beneficial to conduct forthcoming studies on metabolism and
cardiovascular health in TS patients receiving recombinant
human GH treatment.?!
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Estrogen deficiency

The adverse prognostic effect of declining ovarian function
on cardiovascular health during normal menopause as well
as premature ovarian failure demonstrates the importance
of endogenous estrogen production by the ovaries for
cardiovascular system function,* and thus, TS girls are at risk
for this adverse effect due to estrogen deficiency.

Diabetes mellitus
Diabetes mellitus, Type 1 and Type 2, is more common in TS
patients and adversely affects patients’ cardiovascular health.?!

Dyslipidemia

Patients with TS appear to have more atherogenic lipid profiles
than those without TS, which appear to begin in childhood and
progress through adulthood. Half of the adult females with TS
have abnormally high total cholesterol, whereas one-quarter
of them have abnormally low high-density lipoprotein (HDL)
cholesterol.®¥ According to a retrospective cohort study
published recently, 27% of children and adolescents with TS were
suffering from hypercholesterolemia recognized in their hospital
medical records. Carotid artery intima-medial thickness, which
is a prognosticator of early atherosclerosis in young people with
TS, correlates positively with low-density lipoprotein (LDL)
cholesterol levels and negatively with HDL cholesterol levels.[*

DIAGNOSTIC MEASURES AND MANAGEMENT OF CARDIAC
DISEASES IN TS AND SUGGESTIONS FOR CLINICAL
PRACTICE ACCORDING TO THE AMERICAN HEART

ASSOCIATION

A fetal echocardiogram should be conducted if TS is strongly
suspected or has been confirmed prenatally. If CHD is
found, a pediatric cardiologist should be consulted and a
multidisciplinary postnatal therapy plan should be done.

All newly diagnosed TS patients should be assessed by
an expert cardiologist who is aware of the full range of
cardiovascular disorders associated with TS. Additionally, they
should experience the following evaluations:

»  Athorough physical examination, including cardiovascular
system assessment especially the measurement of femoral
pulses and four extremities’ blood pressures must be
conducted.

*  Even if a fetal echocardiogram and cardiac examination
are normal, a thorough transthoracic echocardiogram
(TTE) should be done because some cardiac defects may
be undetectable on a fetal echocardiogram.

* TTE should be used to visualize the coronary arteries
in infants, or computed tomography (CT) or cardiac
magnetic resonance (CMR) in adults.

An electrocardiogram (ECG) should be performed to rule out

any conduction abnormalities.

Management
Patients with TS who have congenital heart problems should
be managed by their cardiologist in collaboration with a

multidisciplinary team. Persons without structural heart
diseases should have their blood pressure checked annually,
and clinical practitioners should be cautious in checking girls
with TS for hypertension, and treat them according to general
population standards. For those with normal-appearing aortas,
periodic surveillance imaging is recommended. Finally,
clinicians should refer to the American Heart Association’s
most recent guidelines for the prevention and treatment of
infective endocarditis.[

CONCLUSIONS

TS individuals’ cardiovascular systems may be compromised
throughout their lives. Whether these comorbidities are age
or karyotype related, every TS patient should have access to
close monitoring for cardiovascular health. Early detection of
endocrinopathies is critical for starting hormone replacement
therapy, such as estrogen and GH therapy, and balancing the
benefits and adverse effects for cardiovascular health, as well
as defining the duration of therapy. Heart anatomical defects
should be closely monitored for the progression of defects and
associated complications throughout the patient’s lifetime by a
skilled cardiologist using repeated echocardiography and CT/
magnetic resonance imaging.

Acknowledgment
The author would like to thank our dear University;
“Al Mustansiriyah” for their constant support.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Sybert VP, McCauley E. Turner’s syndrome. N Engl J Med
2004;351:1227-38.

2. Gravholt CH. Epidemiological, endocrine and metabolic features in
Turner syndrome. Arq Bras Endocrinol Metabol 2005;49:145-56.

3. Sun W, Li T. Analysis of cardiovascular diseases in Turner syndrome.
J Clin Pediatr 2014;32:195-8.

4. Cui X, CuiY, Shi L, Luan J, Zhou X, Han J. A basic understanding of
Turner syndrome: Incidence, complications, diagnosis, and treatment.
Intractable Rare Dis Res 2018;7:223-8.

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

6. Silberbach M, Roos-Hesselink JW, Andersen NH, Braverman AC,
Brown N, Collins RT, ef al. Cardiovascular health in Turner syndrome:
A scientific statement from the American Heart Association. Circ
Genom Precis Med 2018;11:¢000048.

7. Lin AE, Prakash SK, Andersen NH, Viuff MH, Levitsky LL,
Rivera-Davila M, et al. Recognition and management of adults with
Turner syndrome: From the transition of adolescence through the senior
years. Am J Med Genet A 2019;179:1987-2033.

8. Nicolaides KH. Screening for fetal aneuploidies at 11 to 13 weeks.
Prenat Diagn 2011;31:7-15.

9. Allan LD. The mystery of nuchal translucency. Cardiol Young
2006;16:11-7.

10. Sachdev V, Matura LA, Sidenko S, Ho VB, Arai AE, Rosing DR,
et al. Aortic valve disease in Turner syndrome. J Am Coll Cardiol

Mustansiriya Medical Journal | Volume 21 | Issue 2 | July-December 2022 -




[Downloaded free from http://www.mmjonweb.org on Saturday, March 11, 2023, IP: 37.237.80.28]

Abdullah, ef al.: Cardiovascular health in turner syndrome; manifestations, endocrine and metabolic risk factors with a look at clinical practice: A review article

20.
21.
22.

23.

24.

.Mustansiriya Medical Journal | Volume 21 | Issue 2 | July-December 2022

2008;51:1904-9.

. Mortensen KH, Hjerrild BE, Andersen NH, Serensen KE, Horlyck A,

Pedersen EM, et al. Abnormalities of the major intrathoracic arteries in
Turner syndrome as revealed by magnetic resonance imaging. Cardiol
Young 2010;20:191-200.

. Schoemaker MJ, Swerdlow AJ, Higgins CD, Wright AF, Jacobs PA,

United Kingdom Clinical Cytogenetics Group. Mortality in women
with turner syndrome in Great Britain: A national cohort study. J Clin
Endocrinol Metab 2008;93:4735-42.

. Siu SC, Silversides CK. Bicuspid aortic valve disease. ] Am Coll

Cardiol 2010;55:2789-800.

. Volkl TM, Degenhardt K, Koch A, Simm D, Doérr HG, Singer H.

Cardiovascular anomalies in children and young adults with
Ullrich-Turner syndrome the Erlangen experience. Clin Cardiol
2005;28:88-92.

. ZatuskaR, KaztowskiJ, GumkowskaA, Pikto-Pietkiewicz W. Congenital

disorders of the cardiovascular system and their complications in a
21-year-old woman with Turner syndrome — A case report. Kardiol Pol
2008;66:63-6.

. Hoffman JI, Kaplan S. The incidence of congenital heart disease. ] Am

Coll Cardiol 2002;39:1890-900.

. Hjerrild BE, Mortensen KH, Serensen KE, Pedersen EM, Andersen NH,

Lundorf E, et al. Thoracic aortopathy in Turner syndrome and the
influence of bicuspid aortic valves and blood pressure: A CMR study.
J Cardiovasc Magn Reson 2010;12:12.

. Ostberg JE, Brookes JA, McCarthy C, Halcox J, Conway GS.

A comparison of echocardiography and magnetic resonance imaging
in cardiovascular screening of adults with Turner syndrome. J Clin
Endocrinol Metab 2004;89:5966-71.

. Kim HK, Gottliecbson W, Hor K, Backeljauw P, Gutmark-Little I,

Salisbury SR, et al. Cardiovascular anomalies in Turner syndrome:
Spectrum, prevalence, and cardiac MRI findings in a pediatric and
young adult population. AJR Am J Roentgenol 2011;196:454-60.
Loscalzo ML, Van PL, Ho VB, Bakalov VK, Rosing DR, Malone CA,
et al. Association between fetal lymphedema and congenital
cardiovascular defects in Turner syndrome. Pediatrics 2005;115:732-5.
Stochholm K, Juul S, Juel K, Naeraa RW, Gravholt CH. Prevalence,
incidence, diagnostic delay, and mortality in Turner syndrome. J Clin
Endocrinol Metab 2006;91:3897-902.

Bondy CA, Van PL, Bakalov VK, Sachdev V, Malone CA, Ho VB,
et al. Prolongation of the cardiac QTc interval in Turner syndrome.
Medicine (Baltimore) 2006;85:75-81.

Nathwani NC, Unwin R, Brook CG, Hindmarsh PC. Blood pressure and
Turner syndrome. Clin Endocrinol (Oxf) 2000;52:363-70.
Landin-Wilhelmsen K, Bryman I, Wilhelmsen L. Cardiac malformations

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

and hypertension, but not metabolic risk factors, are common in Turner
syndrome. J Clin Endocrinol Metab 2001;86:4166-70.

Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R,
Germano G, et al. 2007 guidelines for the management of arterial
hypertension: The task force for the management of arterial hypertension
of the European Society of Hypertension (ESH) and of the European
Society of Cardiology (ESC). J Hypertens 2007;25:1105-87.

Westwood M, Tajbakhsh SH, Siddals KW, Whatmore AJ, Clayton PE.
Reduced pericellular sensitivity to IGF-I in fibroblasts from girls with
Turner syndrome: A mechanism to impair clinical responses to GH.
Pediatr Res 2011;70:25-30.

Gravholt CH. Epidemiological, endocrine and metabolic features in
Turner syndrome. Eur J Endocrinol 2004;151:657-87.

Zadik Z, Landau H, Chen M, Altman Y, Lieberman E. Assessment
of growth hormone (GH) axis in Turner’s syndrome using 24-hour
integrated concentrations of GH, insulin-like growth factor-I, plasma
GH-binding activity, GH binding to IM9 cells, and GH response to
pharmacological stimulation. J Clin Endocrinol Metab 1992;75:412-6.
Wit JM, Massarano AA, Kamp GA, Hindmarsh PC, van Es A, Brook CG,
et al. Growth hormone secretion in patients with Turner’s syndrome as
determined by time series analysis. Eur J Endocrinol 1992;127:7-12.
Ross JL, Quigley CA, Cao D, Feuillan P, Kowal K, Chipman JJ,
et al. Growth hormone plus childhood low-dose estrogen in Turner’s
syndrome. N Engl J Med 2011;364:1230-42.

Bondy CA, Turner Syndrome Study Group. Care of girls and women
with Turner syndrome: A guideline of the Turner Syndrome Study
Group. J Clin Endocrinol Metab 2007;92:10-25.

Colao A. The GH-IGF-I axis and the cardiovascular system: Clinical
implications. Clin Endocrinol (Oxf) 2008;69:347-58.

Lokkegaard E, Jovanovic Z, Heitmann BL, Keiding N, Ottesen B,
Pedersen AT. The association between early menopause and risk of
ischaemic heart disease: Influence of Hormone Therapy. Maturitas
2006;53:226-33.

Mavinkurve M, O’Gorman CS. Cardiometabolic and vascular risks
in young and adolescent girls with Turner syndrome. BBA Clin
2015;3:304-9.

Lebenthal Y, Levy S, Sofrin-Drucker E, Nagelberg N, Weintrob N,
Shalitin S, et al. The natural history of metabolic comorbidities in Turner
syndrome from childhood to early adulthood: Comparison between
45, X monosomy and other karyotypes. Front Endocrinol (Lausanne)
2018;9:27.

Pirgon O, Atabek ME, Oran B, Giiclii R. Atherogenic lipid profile and
systolic blood pressure are associated with carotid artery intima-media
thickness in children with Turner syndrome. J Clin Res Pediatr
Endocrinol 2008;1:62-71.

103




