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Abstract

Turner syndrome is one of the most frequently reported sex chromosomal abnormalities, affecting approximately 40 in every 100 000 live fe-
male births. The underlying chromosomal alteration is the complete or partial loss of X chromosome or mosaicism. Because of primary ovarian
insufficiency, the synthesis of estrogen hormones is compromised, and patients require hormone substitution. Apart from the phenotypical
presentation (short stature, primary amenorrhea), the effects of ovarian insufficiency can affect diverse organ systems (such as cardiovascular,
endocrine, and lymphatic systems). Hepatobiliary pathology can present on a broad spectrum: from mild asymptomatic hypertransaminasemia
to marked architectural changes. Estrogen hormone replacement therapy in these patients can improve the perturbations of laboratory values
and can attenuate the progression of hepatic structural changes. Moreover, providing sufficient estrogen replacement has numerous benefits
for other conditions of the patients as well. Both the all-cause mortality and deaths from cardiovascular complications are greatly increased in
Turner syndrome, and hormone replacement might contribute to the decreased incidence of these events. The diagnostics of Turner syndrome
are outside the scope of our paper, and we briefly discuss the cardiovascular complications because many the liver involvement partially involves
alterations of vascular origin. Though we sought to highlight the importance of proper hormone replacement therapy, we did not attempt to
write a comprehensive recommendation for exact treatment protocols. We provided an overview of preferred therapeutic approaches, as the
treatment should be tailored according to the individual patient’'s needs.
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Turner syndrome (TS) is one of the most frequently reported
chromosomal abnormalities. Its prevalence is approximately
40 in every 100 000 live female births [1, 2]. The syndrome
is characterized by the total or partial loss of one of the
X-chromosomes, with 1 intact sex chromosome in phenotyp-
ical females, being the only monosomy compatible with life
[3-6]. The karyotype is either X-monosomy (45, X) or mosaic-
type, 45X, 46XX. Other mosaicism might be with 45, X/46,
XY karyotype; thus, the presence of an Y-chromosome can be
seen in 5% to 10% of cases, and carries a risk for subsequent
gonadoblastomas [7]. Partial deletions of X-chromosome can
also cause TS [8, 9]. Apart from genetics, patients with TS
display characteristic phenotypical findings. These clinical
features (stigmata) are required for the diagnosis of TS along
with the cytogenetic changes [10].

The most common phenotypical findings are short
stature and delayed puberty, and primary ovarian insuf-
ficiency, affecting nearly 90% of all patients with TS [3,
10]. Other physical findings are variable but can be present.
These are neck webbing, edematous hands and feet, broad

shield-like chest, characteristic craniofacial alterations
(small mandible, rotated ears, high arched palate, low pos-
terior hairline), and even nail abnormalities (hypoplasia,
hyperconvexity).

Multisystemic involvement is typical in TS [11]. The mani-
festations of TS are not exclusively consequential to es-
trogen deficiency; other factors contribute to the phenotype
as well. TS can be associated with congenital cardiovascular
(left-sided cardiac anomalies, such as aortic coarctation, bi-
cuspid aortic valve [12, 13]), and renal malformations (for
example, horseshoe kidney [14]), representing a major cause
of morbidity and mortality, and the associated excess risk is
increasing with the advancement of age ([15].). GH replace-
ment therapy is also warranted because it is shown to facili-
tate normal growth and metabolic health in affected girls.
Patients are at increased risk for autoimmune and endocrine
(mostly related to the thyroid gland: Hashimoto thyroiditis
and hypothyroidism) disorders [2]. The phenotypical findings
and characteristic features can be present even in patients
with mosaicism.
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Autoimmune conditions might also be involved in the
contribution to hepatobiliary pathology. Though the role of
sex chromosomes is implicated in the development of the
cerebral cortex, the intellectual capabilities of patients are
usually normal [16, 17]. Nonetheless, proper estrogen con-
centrations are beneficial for cognition and memory, thus fur-
ther highlighting the importance of proper replacement. The
syndrome is often associated with decreased self-esteem and
psychological disturbances, both benefiting from estrogen
replacement therapy (ERT) [18]. By writing our paper, we
sought to emphasize the importance of estrogen hormone
substitution in patients with TS, as implicated in current
guidelines [35, 6].

Etiology of Hepatic Alterations in TS

Several endocrine derangements were shown to predispose
patients to steatosis of the liver [19-21]. Thus, nonalcoholic
fatty liver disease (NAFLD) is frequently associated with
hypogonadism as well [22, 23]. NAFLD is frequently associ-
ated with metabolic syndrome and is otherwise defined by the
presence of excess intrahepatic fat deposits, not attributable
to the consumption of alcoholic beverages [24, 25].

The relationship between liver and endocrine abnormalities
seems to be bidirectional [19]. Patients with TS often display
multiple endocrine derangements and hepatic steatosis; likely,
their hypogonadism is both an exacerbating factor behind the
liver abnormalities as well as being slightly aggravated by hep-
atic dysfunction. Another possible underlying cause of endo-
crine origin is the presence of hypothyroidism, which often
accompanies TS. Patients with TS also display a somewhat in-
creased likelihood of both celiac disease (gluten-sensitive en-
teropathy) and inflammatory bowel diseases (Crohn disease
and ulcerative colitis). These conditions might also enhance
the risks for hepatic alterations, with distinct patterns. A re-
cent study conducted by Voss et al. on the UK Biobank sam-
ples investigated the characteristics of immune-mediated
gastrointestinal diseases on hepatobiliary laboratory findings
[26]. Whereas mild hypertransaminasemia (elevated alanine
aminotransferase [ALT] and aspartate aminotransferase)
is mostly seen in celiac disease, the elevation of gamma-
glutamyltransferase is mostly seen in inflammatory bowel
diseases (both Crohn and ulcerative colitis) cases. All of these
intestinal inflammatory diseases show an association with
elevated levels of alkaline phosphatase. As implicated, pa-
tients might also require GH administration. Short stature is
a common phenotypical finding in TS, seen in up to 95% of
patients. Girls affected by TS usually require GH replacement
therapy, which is shown to be effective in alleviating their hin-
dered growth [6, 18, 27]. Furthermore, GH is essential for
optimal metabolic health and nutrient homeostasis and thus
can be beneficial for the often encountered fatty liver disease
and obesity. Adequate levels of GH aid the repartitioning of
fat mass to lean mass and thus can improve glucose homeo-
stasis and metabolic syndrome.

Hepatobiliary Histological Changes in TS

Hepatic manifestations are frequent in TS [28]. These are usu-
ally mild, with a moderate propensity to progress with age.
The reported prevalence of these alterations ranges from 20%
to 80%. A large cohort study of adults with TS found that
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36% of patients at 33 years had liver test abnormalities, with
an annual incidence increase of 3.4% in 5 years [29]. Liver
enzyme changes or even liver steatosis (fatty liver) can pre-
sent in children, even before the recognition of TS [29]. This
phenomenon indeed questions the possible role of estrogen
deficiency as a key underlying factor behind hepatobiliary
alterations. Before puberty, the levels of circulating female
sex steroid hormones are only a fraction of what is seen in
later life [30-32]. Thereby, it is plausible that the etiology of
liver derangements is multifactorial and cannot be contrib-
uted to estrogen deficiency alone. Probably the changes are
consequential to an interplay of environmental, lifestyle, and
epigenetic and genetic risk factors, predisposing to metabolic
and hepatic dysfunction [33, 34].

The hepatic damage seen in TS might range from mild ele-
vation of liver-related laboratory parameters, with minimal
to no change in liver histology, to cirrhosis and nodular re-
generative hyperplasia [33, 35]. Because these require histo-
logical sampling to diagnose, hitherto no large cohort studies
were evaluating the prevalence of more severe liver architec-
tural changes in TS. A schematic overview of possible hepatic
pathology is depicted in Fig. 1.

Marked architectural changes, such as cirrhosis, nodular
regenerative hyperplasia (NRH), and multiple focal nodular
hyperplasias (FNH), were also observed in TS. These might
originate from primary vascular involvement (in a later
section of our paper, we briefly discuss the associated vas-
cular abnormalities in TS) [35]. The typical picture of NRH
is multiple small parenchymal nodules, and conserved portal
tracts, without annular fibrosis [36]. NRH is thought to be
an adaptation to microcirculatory disturbances, resulting in
altered intrahepatic perfusion. NRH is thus a combination
of hepatocyte atrophy in areas of decreased perfusion, with
compensatory hepatocyte hyperplasia in areas with preserved
blood flow [33, 35, 36].

FNH is similarly regarded as hyperplasia of hepatocytes in
foci, resulting from the uneven portal perfusion of the liver
parenchyma. Areas with the finding of the histological pic-
ture of FNH are generally well perfused, unlike the rest of
the organ. FNH is characterized by the presence of large
nodules, with, or without intranodular fibrosis, alternating
with fibrotic areas, with abnormal vasculature and bile duct-
ules [35, 37, 38]. The nodules in FNH might become larger
and progress with time, as described by Roulot et al [35].
Abnormalities of the intrahepatic portal veins included
thrombosis, intimal thickening, and even complete obstruc-
tion and replacement by fibrous tissue, containing several ves-
sels. These are frequently encountered in the presence of liver
parenchymal alterations and are regarded as features of oblit-
erative portal venopathy [35, 39]. Cirrhosis without a known
cause for chronic liver disease might represent the final stage
of the vascular abnormalities seen in TS. In severe cases, pa-
tients might require transplantation [40].

Although estrogen deficiency alone cannot explain the
previously mentioned hepatic changes, it is likely to be a
contributing factor. Estrogen-deficient states often correlate
with liver pathology, for example, after oophorectomy or in
postmenopausal women [41-43]. As implicated previously,
low levels of estrogen hormones can be associated with ex-
cess liver adiposity (not only in TS [44], oophorectomized
[43], and postmenopausal women [41], but also in men with
defective aromatase activity [45]). Thereby in these states,
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Figure 1. Contributing factors behind Turner hepatobiliary abnormalities. CIMT, carotid intima-media thickness, CV, cardiovascular; FNH, focal nodular
hyperplasia; NAFLD, nonalcoholic fatty liver disease; NRH, nodular regenerative hyperplasia.

estrogen substitution can potentially ameliorate fatty liver
disease. However, the exact cause of hepatic findings is not
yet elucidated. Estrogen deficiency in itself is not sufficient to
cause liver steatosis because the development of NAFLD is
highly likely to be multifactorial and dependent on environ-
mental and lifestyle factors as well.

Biliary involvement of various types has been reported in
TS. These include sclerosing cholangitis, primary biliary chol-
angitis (PBC), biliary atresia, and paucity of the bile ducts.
Concentric fibrosis of small intrahepatic bile ducts, without
inflammation, was reported frequently. These lesions resemble
primary sclerosing cholangitis (PSC). It is noteworthy that TS
patients have a greater propensity for developing inflamma-
tory bowel diseases, which are associated with an increased
prevalence of PSC [46, 47]. Although PSC mostly involves
extrahepatic bile ducts, in TS, only the intrahepatic bile ducts
develop lesions. Furthermore, those cases of TS, where there
is evidence of biliary pathology, are generally not associated
with cooccurring inflammatory bowel disease. Thus it is
plausible that the pathogenesis of biliary ductal fibrosis dif-
fers from that what is seen in the case of PSC.

Bile duct fibrosis is frequently seen in those patients, who
have arteriolar damage in the proximity of the biliary ducts.
Therefore, it might represent a consequential manifestation
of vascular compromise. It also raises the question of whether
the presence of biliary duct alterations without overt liver
architectural changes might represent a milder degree of vas-
cular involvement.

The atresia of intrahepatic biliary ducts was described in
pediatric TS patients. A possible explanation is abnormal
angiogenesis might underlie the deranged development of bile
ducts. Cholangitis and ductopenia are frequently encountered
in patients with PBC, as well as in TS. Though the prevalence
of PBC in TS is not known, the picture of biliary involve-
ment share commonalities. TS patients have a greater risk of
developing autoimmune disorders; thus, there were reports
of PBC in TS as well. It should also be emphasized that PBC
patients also display an increased risk for developing other
immune-mediated inflammatory disorders. TS is character-
ized by the partial or total loss of an X chromosome, and a
study reported X-monosomy in women with PBC to be more
common [48].

Likely, the X chromosome contains genes involved in im-
mune tolerance. The loss of an X chromosome thus could pre-
dispose TS patients to the breakdown of self-tolerance and
the subsequent development of immune-mediated diseases.
So far, only 1 homeobox-containing gene has been identified,
with a clear implication for TS phenotype. SHOX or short-
stature homeobox gene is found in the pseudoautosomal re-
gion (PAR1) of X chromosomes. As implicated, it is involved
in the short stature phenotype of TS patients. Its role in the
development of immune-mediated diseases or liver dysfunc-
tion is not yet described.

So far, detailed information on the long-term follow-up of
TS patients with hepatic involvement is lacking. A smaller
cohort study, published by Roulot and colleagues, with an
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average follow-up time of 9 years found mostly favorable
outcomes [35]. Mild liver involvement did not deteriorate
into an overt disease in most cases. More serious compli-
cations were observed in 3 patients, all of them displaying
hepatic architectural changes. One patient died from uncon-
trolled refractory ascites, pleural effusion, and heart failure.
Another patient required liver transplantation 6 years after
the diagnosis of hepatic involvement. The patient suffered
from bleeding from esophageal varices and intractable
cholestasis. The third patient experienced recurrent vari-
ceal bleeding, necessitating surgical portocaval shunting
[35]. Therefore, serious complications seldom occur in TS
and are only observed in those with hepatic architectural
alterations.

Diagnostic Workup of Patients With Liver
Abnormalities

The detailed diagnostic algorithms and discussion of chromo-
somal alterations in TS are outside the scope of this work.
Nonetheless, we summarize the main aspects in our paper.
An excellent overview of diagnostic considerations was pub-
lished in 2018 by Shankar and Backeljauw [49]. Even though
TS is widely recognized, there is often a marked delay in the
diagnosis of the condition [3]. For a rapid overview of the
general characteristics of TS, please refer to Table 1.

In patients with known TS and abnormal hepatic enzyme
values, other possible underlying causes of liver enzyme de-
rangements (alcohol abuse, medications, infections by hepa-
titis or herpesviruses, metabolic diseases, alpha-1 antitrypsin
deficiency, Wilson disease, autoimmune liver diseases [PBC
and PSC, respectively], and autoimmune hepatitis) should be
tested for and excluded. Most of the time, the clinical pic-
ture is characterized by cholestatic enzyme elevations, with
normal or mildly elevated transaminases (serum glutamic
oxaloacetic transaminase and serum glutamic pyruvic trans-
aminase, or ALT and aspartate aminotransferase in US ter-
minology) [29, 33, 39, 50]. The history of the patients and the
previous laboratory studies might provide valuable insight for
the clinicians.

Table 1. Overview of general characteristics of Turner syndrome
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Even though fatty liver disease is frequently associated
with TS, this entity is also prevalent in the general popu-
lation. We should emphasize that, particularly, NAFLD is
on the rise recently because the consumption of spirits was
decreasing before the recent COVID-19 pandemic [51, 52].
However, at least temporarily, the number of drinkers rose
during the lockdowns and restrictions in 2020 and 2021
[53, 54]. Infections with hepatotropic viruses are also be-
coming scarce because of immunization and sanitation prac-
tices; thereby, some other lifestyle factor is likely to be the
underlying cause.

Possible diagnostic difficulty in determining hepatobiliary
alterations might be the presence of various risk factors.
Apart from alcoholic beverages, excessive fructose and
sugar consumption can aggravate hepatic enzyme abnor-
malities and liver steatosis [55-57]. Thereby, careful assess-
ment of other risk factors is required. Even though clinicians
ought to inquire about additional contributing factors, the
self-reported habits of patients (regarding alcohol, nutrition,
and medications) are not always reliable. Excess adiposity
and liver steatosis can also be underlying causes of deranged
laboratory findings. Furthermore, liver steatosis and mild
hypertransaminasemia are very common in the population,
thereby not specific to TS [58, 59].

ERT: Modes of Administration

Unless contraindicated, women with TS should be given estra-
diol therapy, not only for optimizing sexual development and
health and enhancing skeletal mass but also for improving
quality of life and metabolic parameters [5, 60]. Practicing
physicians are encouraged to prefer transdermal estrogen
patches as opposed to the oral route of administration or
contraceptive pills. One should not disregard the elevated risk
of venous thromboembolism with contraceptive pills, particu-
larly ethinyl-estradiol. The exact length of estrogen replace-
ment can be debated. It would be plausible to replicate the
natural course of estrogen throughout the lifespan, thereby
ceasing treatment at roughly 50 years of age (corresponding
to the average age of menopause).

Epidemiology 40 in every 100 000 live female births
Only monosomy compatible with life
Risk does not increase with the advanced age of the mother
Diagnosis can be delayed in mild cases
Karyotype 45 XO is most common, mosaicism possible—usually with less severe symptoms

Partial deletions of X chromosome are possible
Total monosomy is associated with increased risk of spontaneous abortions

Typical phenotype

Stature: height and growth is reduced, increased upper-to-lower segment, broad chest, wide-spaced nipples.

Facial features: dental deformations, malocclusion, micrognathia

Lymphatic abnormalities: lymphedema of hands and feet, webbed neck, short posterior hairline, possible
cystic hygroma in newborn, lung hypoplasia

Cardiovascular: About one-half of the patients might have cardiovascular abnormalities: coarctation of the
aorta, bicuspid aortic valve, increased risk of hypertension of renovascular origin

Metabolic: Increased body fat, visceral fat, propensity for developing metabolic syndrome

Rudimentary streak ovaries, deficient follicles. Infertility, primary amenorrhea, impaired development of

Estrogen replacement therapy (preferred application is transdermal, mimicking the natural course of

Reproductive
secondary sexual characteristics
Therapy
estrogen-hormone fluctuations), GH therapy for stature
Treat comorbidities (eg, hypothyroidism) when indicated
Outcome

Usually favorable, normal life expectancy if there are no complications. Increased risk of X-linked diseases

2202 1990120 90 U0 15NB Aq 0120999/ LOBAG/0 L/9/91911E/S8l/W09"dNO"01WapED.//:SA)Y WOy PaPEOjUMOd



Journal of the Endocrine Society, 2022, Vol. 6, No. 10

Other routes of administration are either oral micronized es-
tradiol or transdermally applied creams. The dosage should be
started at low levels and gradually titrated to reach physiolo-
gically optimal concentrations. Nonetheless, creams and oral
micronized estradiol are not sufficient for inducing puberty.
The administration of transdermal patches is convenient be-
cause patients are only required to apply patches once or twice
per week. The release of estrogen from these patches is gradual.

The Relationship of Cardiovascular and
Hepatic Alterations in TS

Cardiovascular morbidity is the most threatening health
problem for adults with TS, contributing to the increased
mortality rates. Increased risks for cardiovascular malfor-
mations, renal abnormalities, and hypertension predispose
patients to increased risk for aortic dilatation and dissection
[28, 61]. Extrahepatic vascular alterations are represented by
coarctation of the aorta, bicuspid aortic valve, cerebral aneur-
ysms, and gastrointestinal telangiectasias. These are not un-
common in TS. The abnormalities of thoracic vessels are seen
in up to half of the patients with TS [28]. The abnormalities
of the aorta are more frequently encountered in patients with
overt architectural changes in the liver parenchyma. Estrogen
replacement (with higher than usual doses) can also reduce
the markers of cardiovascular risk in TS [62, 63].

Some authors described more complex cardiovascular
phenotypes. These were even observable in otherwise asymp-
tomatic patients. Via the combination of echocardiography
and magnetic resonance imaging, it was found, that nearly
75% of adult TS patients have dilated ascending aorta, and
this could be associated with the increased diameter of other
major arteries (brachial and carotid arteries) [62, 64, 65].

Carotid intima-media thickness and arterial diameters
are increased in TS, compared with healthy control subjects
[28, 62, 65-67]. One proposed explanation was estrogen
deficiency. Supporting this concept is that estrogen replace-
ment seems to attenuate these alterations, thus reducing
carotid intima-media thickness in young women with TS.
Additionally, proper ERT had beneficial effects on several
metabolic parameters, further optimizing cardiovascular risk
(high-density lipoprotein cholesterol, triglycerides, glucose
levels, hemoglobin Alc) [63, 68].

TS subjects display increased cardiovascular mortality,
mostly from aortic dissection. This is regarded as the leading
cause of early mortality in TS patients with cardiovascular
alterations. The risk of aortic dissection was recently reported
as being 12 times higher in TS than in healthy individuals
[64]. In addition to structural abnormalities, there is also an
increased prevalence of ischemic heart disease [66].

Previously, highly sensitive 3-dimensional cardiovascular
magnetic resonance imaging techniques were used to evaluate
aortopathy in adult TS patients. Findings indicated acceler-
ated ascending aortopathy, with marked growth of aortic
diameter during the 2.4 years of follow-up [65]. It is yet not
known whether changes in other vascular areas might also
be seen with age. As mentioned previously, with increasing
age, patients have more tendency to develop liver architec-
tural and circulatory changes. Thereby, possibly these findings
share a common etiological origin.

Abnormalities and malformations of the venous system,
like agenesis or hypoplasia of the portal venous system, may
also be seen in TS women [65]. The eponymous Druveilhier-
Baumgarten disease corresponds to presinusoidal portal

hypertension because of congenital hypoplasia of the
intrahepatic portal system [69]. Examination revealed no
cirrhosis, but severe parenchymal atrophy, causing liver
dysfunction.

Thromboembolic events are more common in TS pa-
tients [69]. There is also evidence for increased levels of von
Willebrand factor, factor VIII, fibrinogen, and C-reactive
protein. The factor V Leiden mutation is frequent as well [69].
These disorders could favor the development of obliterative
portal venopathy, observed in the liver of some TS patients
[70, 71]. The risk for deep venous thrombosis and portal vein
thrombosis is also enhanced in TS [72].

Controversial Effects of ERT

The administration of exogenous estrogen substitution is
known to cause (cholestatic) liver enzyme abnormalities
[39, 73]. On the other hand, estrogen deficiency is also det-
rimental to liver health. Thus, in TS, hormone replacement
therapy can improve the laboratory derangements [50]. There
is no evidence for the role of either excess weight or ERT
causing liver test alterations in TS [33, 35]. Estrogen-induced
liver toxicity has been also regarded as a cause of deranged
liver tests. This theory was never proven and eventually was
discarded. Proper hormone replacement therapy in fact can
facilitate the normalization of abnormal transaminase and
gamma-glutamyltransferase laboratory studies in these pa-
tients [18, 74]. By comparing 3 different routes of estrogen
administration, it was found that combined oral contracep-
tives predisposed patients to higher blood pressure and lipid
profile abnormalities. Transdermal patches were indeed asso-
ciated with elevated liver enzymes and hemoglobin Alc com-
pared with estrogen-only pills [6]. Nonetheless, it is accepted,
that the cessation of ERT is not warranted purely based on
deranged liver function.

Moreover, as TS patients are more inclined to develop
thromboembolic events, and, administration of female sex
hormones can aggravate the formation of clots, clinicians
should not exceed physiologic levels of estrogen. Regular
follow-up laboratory studies are recommended.

Conclusions

Summarizing the evidence, one can conclude that the exact
etiology of the liver abnormalities is not yet elucidated and
can almost rule out exogenous estrogen replacement agents as
an underlying cause. More studies reported improvement in
cholestatic laboratory values and mild improvement in trans-
aminases in TS, after the initiation of ERT [5, 6]. It should be
emphasized that hormone replacement is warranted in TS pa-
tients, and regular follow-ups of laboratory studies on the liver
and cardiovascular risk parameters are recommended [27].

Funding

No funding was received to assist with the preparation of this
manuscript.

Author Contributions

L.E. was responsible for writing the main text, and summar-
izing literature findings. E.V. and Z.B. provided invaluable
assistance in the correction of the manuscript. All authors re-
viewed the manuscript.

2202 1990120 90 U0 15NB Aq 0120999/ LOBAG/0 L/9/91911E/S8l/W09"dNO"01WapED.//:SA)Y WOy PaPEOjUMOd



Disclosures

The authors have nothing to disclose.

Data Availability

Data sharing is not applicable to this article as no datasets
were generated or analyzed during the current study.

References

1.

10.

11.

12.

13.

14.

15.

16.

Jafri RZ, McNamara EA, Snyder EA, et al. Further delineation of
liver involvement in girls and women with Turner syndrome: case
report of a 2-year-old with liver dysfunction and review of patients
followed in the MassGeneral Hospital Turner Syndrome Clinic.
Horm Res Paediatr. 2020;92(5):328-334. doi:10.1159/000502842.
de Marqui ABT. Turner syndrome and genetic polymorphism: a
systematic review. Rev Paul Pediatr (English Ed). 2015;33(3):363-
370. doi:10.1016/j.rppede.2015.06.001.

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 ]| Endocrinol. 2017;177(3):G1-G70.
doi:10.1530/EJE-17-0430.

Yuan X, Zhu Z. Turner syndrome with rapidly progressive puberty:
a case report and literature review. | Int Med Res. 2020;48(5):0-5.
do0i:10.1177/0300060519896914.

Gravholt CH, Backeljauw P. New international Turner syndrome
guideline: a multi-society feat. Eur | Endocrinol. 2017;177(3):E1-
E2. doi:10.1530/EJE-17-0540.

Cameron-Pimblett A, Davies MC, Burt E, et al. Effects of estrogen
therapies on outcomes in Turner syndrome: assessment of induc-
tion of puberty and adult estrogen use. | Clin Endocrinol Metab.
2019;104(7):2820-2826. d0i:10.1210/c.2018-02137.

Cools M, Drop SLS, Wolffenbuttel KP, Oosterhuis JW,
Looijenga LH]J. Germ cell tumors in the intersex gonad: old paths,
new directions, moving frontiers. Endocr Rev. 2006;27(5):468-
484. doi:10.1210/er.2006-0005.

Elsheikh M, Dunger DB, Conway GS, Wass JAH. Turner’s syndrome
in adulthood. Endocr Rev. 2002;23(1):120-140. doi:10.1210/
edrv.23.1.0457.

Ibarra-Ramirez M, Martinez-de-Villarreal LE. Clinical and gen-
etic aspects of Turner’s syndrome. Med Univ. 2016;18(70):42-48.
d0i:10.1016/j.rmu.2016.03.003.

Zhong Q, Layman LC. Genetic considerations in the patient with
Turner syndrome--45,X with or without mosaicism. Fertil Steril.
2012;98(4):775-779. d0i:10.1016/j.fertnstert.2012.08.021.

Santos V, Mar¢al M, Amaral D, Pina R, Lopes L, Fonseca G.
Sindroma de turner da crianca ao adulto:...uma abordagem
multidisciplinar. Acta Med Port. 2010;23(5):873-882.

Miller M], Geffner ME, Lippe BM, et al. Echocardiography
reveals a high incidence of bicuspid aortic valve in Turner
syndrome. |  Pediatr. 1983;102(1):47-50. doi:10.1016/
$0022-3476(83)80284-4.

Lin AE, Lippe BM, Geffner ME, et al. Aortic dilation, dissec-
tion, and rupture in patients with Turner syndrome. | Pediatr.
1986;109(5):820-826. doi:10.1016/s0022-3476(86)80700-4.
Lippe B, Geffner ME, Dietrich RB, Boechat MI, Kangarloo H.
Renal malformations in patients with Turner syndrome: imaging in
141 patients. Pediatrics. 1988;82(6):852-856.

Schoemaker M]J, Swerdlow AJ, Higgins CD, Wright AF
Jacobs PA. Mortality in women with Turner syndrome in great
Britain: a National Cohort Study. | Clin Endocrinol Metab.
2008;93(12):4735-4742. d0i:10.1210/jc.2008-1049.

O’Donoghue S, Green T, Ross JL, et al. Brain development in school-
age and adolescent girls: effects of Turner syndrome, estrogen
therapy, and genomic imprinting. Biol Psychiatry. 2019;87(2):113-
122. doi:10.1016/j.biopsych.2019.07.032.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Journal of the Endocrine Society, 2022, Vol. 6, No. 10

Hong D, Kent JS, Kesler S. Cognitive profile of Turner syndrome
NIH public access. Dev Disabil Res Rev. 2009;15(4):270-278.
doi:10.1002/ddrr.79.

Klein KO, Rosenfield RL, Santen RJ, et al. Estrogen replacement
in Turner syndrome: literature review and practical considerations.
J Clin Endocrinol Metab. 2018;103(5):1790-1803. doi:10.1210/
jc.2017-02183.

Loria P, Carulli L, Bertolotti M, Lonardo A. Endocrine and
liver interaction: the role of endocrine pathways in NASH. Naz
Rev Gastroenterol Hepatol. 2009;6(4):236-247. doi:10.1038/
nrgastro.2009.33.

Lonardo A, Mantovani A, Lugari S, Targher G. NAFLD in
some common endocrine diseases: prevalence, pathophysi-
ology, and principles of diagnosis and management. Int | Mol
Sci. 2019;20(11):2841. Published Jun 11, 2019. doi:10.3390/
ijms20112841.

Lonardo A, Carani C, Carulli N, Loria P. “Endocrine NAFLD”
a hormonocentric perspective of nonalcoholic fatty liver disease
pathogenesis. | Hepatol. 2006;44(6):1196-1207. doi:10.1016/j.
jhep.2006.03.005.

Mintziori G, Poulakos P, Tsametis C, Goulis DG. Hypogonadism
and non-alcoholic fatty liver disease. Minerva Endocrinol.
2017;42(2):145-150. doi:10.23736/S0391-1977.16.02570-0.
Singeap A-M, Stanciu C, Huiban L, et al. Association between
nonalcoholic fatty liver disease and endocrinopathies: clin-
ical implications. Filipovi¢ B, ed. Can | Gastroenterol Hepatol.
2021;2021:6678142. doi:10.1155/2021/6678142.

Pirola CJ, Sookoian S. Epigenetics factors in nonalcoholic fatty
liver disease. Expert Rev Gastroenterol Hepatol. 2022;16(6):521-
536.doi:10.1080/17474124.2020.1765772.

Juanola O, Martinez-Lopez S, Francés R, Goémez-Hurtado I.
Non-alcoholic fatty liver disease: metabolic, genetic, epigenetic
and environmental risk factors. Int | Environ Res Public Health.
2021;18(10):5227. doi:10.3390/ijerph18105227.

Voss J, Schneider CV, Kleinjans M, Bruns T, Trautwein C,
Strnad P. Hepatobiliary phenotype of individuals with chronic
intestinal disorders. Sci Rep. 2021;11(1):19954. doi:10.1038/
s41598-021-98843-7.

Gonzalez L, Witchel SE. The patient with Turner syndrome: puberty
and medical management concerns. Fertil Steril. 2012;98(4):780-
786. d0i:10.1016/j.fertnstert.2012.07.1104.

Ho VB, Bakalov VK, Cooley M, et al. Major vascular anomalies in
Turner syndrome: prevalence and magnetic resonance angiographic
features. Circulation. 2004;110(12):1694-1700. doi:10.1161/01.
CIR.0000142290.35842.B0.

El-Mansoury M, Berntorp K, Bryman 1, et al. Elevated liver enzymes
in Turner syndrome during a 5-year follow-up study. Clin Endocrinol
(Oxf). 2008;68(3):485-490. doi:10.1111/j.1365-2265.2007.03166.x.
Bay K, Andersson AM, Skakkebaek NE. Estradiol levels in pre-
pubertal boys and girls - analytical challenges. Int | Androl.
2004527(5):266-273. doi:10.1111/1.1365-2605.2004.00487 .x.
Klein KO, Baron J, Colli MJ, McDonnell DP, Cutler GB]J. Estrogen
levels in childhood determined by an ultrasensitive recombinant cell bi-
oassay. | Clin Invest. 1994;94(6):2475-2480. doi:10.1172/JCI117616.
Bidlingmaier F, Wagner-Barnack M, Butenandt O, Knorr D.
Plasma estrogens in childhood and puberty under physiologic
and pathologic conditions. Pediatr Res. 1973;7(11):901-907.
doi:10.1203/00006450-197311000-00006.

Roulot D. Liver involvement in Turner syndrome. Liver Int.
2013;33(1):24-30. doi:10.1111/1iv.12007.

Roulot D, Valla D. Hepatic disease in Turner syndrome. Int Congr
Ser. 200651298:146-151. d0i:10.1016/.ics.2006.06.006.

Roulot D, Degott C, Chazouilléres O, et al. Vascular involvement of
the liver in Turner’s syndrome. Hepatology. 2004;39(1):239-247.
d0i:10.1002/hep.20026.

Hartleb M, Gutkowski K, Milkiewicz P. Nodular regenerative hy-
perplasia: evolving concepts on under diagnosed cause of portal
hypertension. World | Gastroenterol. 2011;17(11):1400-1409.
doi:10.3748/wjg.v17.i111.1400.

2202 1990120 90 U0 15NB Aq 0120999/ LOBAG/0 L/9/91911E/S8l/W09"dNO"01WapED.//:SA)Y WOy PaPEOjUMOd


https://doi.org/10.1159/000502842
https://doi.org/10.1016/j.rppede.2015.06.001
https://doi.org/10.1530/EJE-17-0430
https://doi.org/10.1177/0300060519896914
https://doi.org/10.1530/EJE-17-0540
https://doi.org/10.1210/jc.2018-02137
https://doi.org/10.1210/er.2006-0005
https://doi.org/10.1210/edrv.23.1.0457
https://doi.org/10.1210/edrv.23.1.0457
https://doi.org/10.1016/j.rmu.2016.03.003
https://doi.org/10.1016/j.fertnstert.2012.08.021
https://doi.org/10.1016/s0022-3476(83)80284-4
https://doi.org/10.1016/s0022-3476(83)80284-4
https://doi.org/10.1016/s0022-3476(86)80700-4
https://doi.org/10.1210/jc.2008-1049
https://doi.org/10.1016/j.biopsych.2019.07.032
https://doi.org/10.1002/ddrr.79
https://doi.org/10.1210/jc.2017-02183
https://doi.org/10.1210/jc.2017-02183
https://doi.org/10.1038/nrgastro.2009.33
https://doi.org/10.1038/nrgastro.2009.33
https://doi.org/10.3390/ijms20112841
https://doi.org/10.3390/ijms20112841
https://doi.org/10.1016/j.jhep.2006.03.005
https://doi.org/10.1016/j.jhep.2006.03.005
https://doi.org/10.23736/S0391-1977.16.02570-0
https://doi.org/10.1155/2021/6678142
https://doi.org/10.1080/17474124.2020.1765772
https://doi.org/10.3390/ijerph18105227
https://doi.org/10.1038/s41598-021-98843-7
https://doi.org/10.1038/s41598-021-98843-7
https://doi.org/10.1016/j.fertnstert.2012.07.1104
https://doi.org/10.1161/01.CIR.0000142290.35842.B0
https://doi.org/10.1161/01.CIR.0000142290.35842.B0
https://doi.org/10.1111/j.1365-2265.2007.03166.x
https://doi.org/10.1111/j.1365-2605.2004.00487.x
https://doi.org/10.1172/JCI117616
https://doi.org/10.1203/00006450-197311000-00006
https://doi.org/10.1111/liv.12007
https://doi.org/10.1016/j.ics.2006.06.006
https://doi.org/10.1002/hep.20026
https://doi.org/10.3748/wjg.v17.i11.1400

Journal of the Endocrine Society, 2022, Vol. 6, No. 10

37.

38.

39.

40.

41.

42.

43.

44,

4S.

46.

47.

48.

49.

50.

S1.

52.

S3.

54.

55.

Vilgrain V. Focal nodular hyperplasia. Eur | Radiol. 2006;58(2):236-
245. d0i:10.1016/j.ejrad.2005.11.043.

Roncalli M, Sciarra A, Tommaso LD. Benign hepatocellular nodules
of healthy liver: focal nodular hyperplasia and hepatocellular ad-
enoma. Clin Mol Hepatol. 2016;22(2):199-211. do0i:10.3350/
c¢mh.2016.0101.

Salerno M, Di Maio S, Gasparini N, Rizzo M, Ferri P, Vajro P. Liver
abnormalities in Turner syndrome. Eur | Pediatr. 1999;158(8):618-
623. doi:10.1007/s004310051163.

Kawabata S, Sakamoto S, Honda M, ez al. Liver transplantation
for a patient with Turner syndrome presenting severe portal hy-
pertension: a case report and literature review. Surg Case Rep.
201652(1):4-9. d0i:10.1186/s40792-016-0194-x.

DiStefano JK. NAFLD and NASH in postmenopausal women:
implications for diagnosis and treatment. Endocrinology.
2020;161(10):bgaa134. doi:10.1210/endocr/bqaal34.

Brady CW. Liver disease in menopause. World | Gastroenterol.
2015;21(25):7613-7620. doi:10.3748/wjg.v21.i25.7613.

Florio AA, Graubard BI, Yang B, et al. Oophorectomy and risk
of non-alcoholic fatty liver disease and primary liver cancer
in the Clinical Practice Research Datalink. Eur | Epidemiol.
2019;34(9):871-878. d0i:10.1007/s10654-019-00526-1.

Ostberg JE, Thomas EL, Hamilton G, Attar MJH, Bell JD,
Conway GS. Excess visceral and hepatic adipose tissue in Turner
syndrome determined by magnetic resonance imaging: estrogen de-
ficiency associated with hepatic adipose content. | Clin Endocrinol
Metab. 2005;90(5):2631-2635. doi:10.1210/jc.2004-1939.

Maffei L, Murata Y, Rochira V, et al. Dysmetabolic syndrome in a
man with a novel mutation of the aromatase gene: effects of tes-
tosterone, alendronate, and estradiol treatment. | Clin Endocrinol
Metab. 2004;89(1):61-70. doi:10.1210/¢.2003-030313.

Wegiel M, Antosz A, Gieburowska J, et al. Autoimmunity predispo-
sition in girls with turner syndrome. Front Endocrinol (Lausanne).
2019;10:1-6. doi:10.3389/fend0.2019.00511.

Khater D. Autoimmune diseases in Turner syndrome: an over-
view. Acta Biomed. 2019;90(3):341-344. doi:10.23750/abm.
v90i3.8737.

Bianchi I, Lleo A, Bernuzzi F, Caliari L, Smyk DS, Invernizzi P.
The X-factor in primary biliary cirrhosis: monosomy X and xeno-
biotics. Autoimmun Highlights. 2012;3(3):127-132. do0i:10.1007/
s13317-012-0043-2.

Shankar RK, Backeljauw PE. Current best practice in the man-
agement of Turner syndrome. Ther Adv Endocrinol Metab.
2018;9(1):33-40. d0i:10.1177/2042018817746291.

Elsheikh M, Hodgson HJF, Wass JAH, Conway GS. Hormone re-
placement therapy may improve hepatic function in women with
Turner’s syndrome. Clin Endocrinol (Oxf). 2001;55(2):227-231.
doi:10.1046/j.1365-2265.2001.01321.x.

Lopez-velazquez JA, Silva-vidal KV, Ponciano-rodriguez G, et al.
The prevalence of nonalcoholic fatty liver disease in the Americas.
Ann Hepatol. 2014;13(2):166-178.

Bellentani S, Scaglioni F, Marino M, Bedogni G. Epidemiology of
non-alcoholic fatty liver disease. Dig Dis. 2010;28(1):155-161.
doi:10.1159/000282080.

Pollard MS, Tucker ]S, GreenHD]Jr. Changes in adult alcohol use
and consequences during the COVID-19 pandemic in the US.
JAMA Netw Open. 2020;3(9):€2022942-2022942. doi:10.1001/
jamanetworkopen.2020.22942.

Julien J, Ayer T, Tapper EB, Barbosa C, Dowd WN, Chhatwal J.
Effect of increased alcohol consumption during COVID-19 pan-
demic on alcohol-associated liver disease: a modeling study.
Hepatology. 2022;75(6):1480-1490. d0i:10.1002/hep.32272.
Nakagawa T, Tuttle KR, Short RA, Johnson R]. Hypothesis:
fructose-induced hyperuricemia as a causal mechanism for the
epidemic of the metabolic syndrome. Nat Clin Pract Nephrol.
2005;1(2):80-86. doi:10.1038/ncpneph0019.

S6.

57

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Jensen T, Abdelmalek ME, Sullivan S, et al. Fructose and sugar:
a major mediator of non-alcoholic fatty liver disease. | Hepatol.
2018;68(5):1063-1075. d0i:10.1016/j.jhep.2018.01.019.

. Johnson R], Stenvinkel P, Andrews P, et al. Fructose metabo-

lism as a common evolutionary pathway of survival associated
with climate change, food shortage and droughts. | Intern Med.
2020;287(3):252-262. doi:10.1111/joim.12993.

Liebe R, Esposito I, Bock HH, et al. Diagnosis and management of
secondary causes of steatohepatitis. ] Hepatol. 2021;74(6):1455-
1471. doi:10.1016/j.jhep.2021.01.045.

Al-Busafi SA, Hilzenrat N. Mild hypertransaminasemia in primary
care. ISRN Hepatol. 2013;2013:1-6. d0i:10.1155/2013/256426.
Milbrandt T, Thomas E. Turner syndrome. Pediatr Reuv.
2013;34(9):420-421. doi:10.1542/pir.34-9-420.

Turtle EJ, Sule AA, Bath LE, ef al. Assessing and addressing car-
diovascular risk in adults with Turner syndrome. Clin Endocrinol
(Oxf). 2013;78(5):639-645. doi:10.1111/cen.12104.

Gravholt CH. Turner syndrome and the heart: cardiovascular
complications and treatment strategies. Am | Cardiovasc Drugs.
2002;2(6):401-413. d0i:10.2165/00129784-200202060-00005.
Ostberg JE, Storry C, Donald AE, Attar MJH, Halcox JPJ,
Conway GS. A dose-response study of hormone replacement in
young hypogonadal women: effects on intima media thickness
and metabolism. Clin Endocrinol (Oxf). 2007;66(4):557-564.
doi:10.1111/1.1365-2265.2007.02772.x.

Thunstrom S, Krantz E, Thunstr66m E, Hanson C, Bryman I, Landin-
Wilhelmsen K. Incidence of aortic dissection in Turner syndrome: a
23-year prospective cohort study. Circulation. 2019;139(24):2802-
2804. doi:10.1161/CIRCULATIONAHA.119.040552.

Mortensen KH, Hjerrild BE, Stochholm K, et al. Dilation of the
ascending aorta in Turner syndrome - a prospective cardio-
vascular magnetic resonance study. | Cardiovasc Magn Reson.
2011;13(1):24. d0i:10.1186/1532-429X-13-24.

Dulac Y, Pienkowski C, Abadir S, Tauber M, Acar P.
Cardiovascular abnormalities in Turner’s syndrome: what preven-
tion? Arch Cardiovasc Dis. 2008;101(7-8):485-490. doi:10.1016/j.
acvd.2008.05.007.

Mavinkurve M, O’Gorman CS. Cardiometabolic and vascular risks
in young and adolescent girls with Turner syndrome. BBA Clin.
2015;3:304-309. doi:10.1016/j.bbacli.2015.04.005.

Gravholt CH, Mortensen KH, Andersen NH, Ibsen L, Ingerslev J,
Hjerrild BE. Coagulation and fibrinolytic disturbances are re-
lated to carotid intima thickness and arterial blood pressure in
Turner syndrome. Clin Endocrinol (Oxf). 2012;76(5):649-656.
doi:10.1111/j.1365-2265.2011.04190.x.

Perkins JD. Techniques to ensure adequate portal flow in the pres-
ence of splenorenal shunts. Liver Transpl. 2007;13(5):767-768.
doi:10.1002/1t.

Kopacek C, Brenner J, Elnecave R. Portal vein thrombosis and
high factor VIII in Turner syndrome. Horm Res. 2006;66:89-93.
doi:10.1159/000093693.

Calcaterra V, Gamba G, Montani N, ez al. Thrombophilic screening
in Turner syndrome. | Endocrinol Invest. 2011;34(9):676-679.
doi:10.3275/7724.

Peters M, Syed RK, Katz M, et al. May-Thurner syndrome: a not
so uncommon cause of a common condition. Baylor Univ Med
Cent Proc. 2012525(3):231-233. doi:10.1080/08998280.2012.11
928834.

Wemme H, Pohlenz J, Schonberger W. Effect of oestrogen/ges-
tagen replacement therapy on liver enzymes in patients with
Ullrich-Turner syndrome. Eur | Pediatr. 1995;154(10):807-810.
doi:10.1007/BF01959786.

Gravholt CH, Poulsen HE, Ott P, Christiansen ]S, Vilstrup H.
Quantitative liver functions in Turner syndrome with and without
hormone replacement therapy. Eur | Endocrinol. 2007;156(6):679-
686. doi:10.1530/EJE-07-0070.

2202 1990120 90 U0 15NB Aq 0120999/ LOBAG/0 L/9/91911E/S8l/W09"dNO"01WapED.//:SA)Y WOy PaPEOjUMOd


https://doi.org/10.1016/j.ejrad.2005.11.043
https://doi.org/10.3350/cmh.2016.0101
https://doi.org/10.3350/cmh.2016.0101
https://doi.org/10.1007/s004310051163
https://doi.org/10.1186/s40792-016-0194-x
https://doi.org/10.1210/endocr/bqaa134
https://doi.org/10.3748/wjg.v21.i25.7613
https://doi.org/10.1007/s10654-019-00526-1
https://doi.org/10.1210/jc.2004-1939
https://doi.org/10.1210/jc.2003-030313
https://doi.org/10.3389/fendo.2019.00511
https://doi.org/10.23750/abm.v90i3.8737
https://doi.org/10.23750/abm.v90i3.8737
https://doi.org/10.1007/s13317-012-0043-2
https://doi.org/10.1007/s13317-012-0043-2
https://doi.org/10.1177/2042018817746291
https://doi.org/10.1046/j.1365-2265.2001.01321.x
https://doi.org/10.1159/000282080
https://doi.org/10.1001/jamanetworkopen.2020.22942
https://doi.org/10.1001/jamanetworkopen.2020.22942
https://doi.org/10.1002/hep.32272
https://doi.org/10.1038/ncpneph0019
https://doi.org/10.1016/j.jhep.2018.01.019
https://doi.org/10.1111/joim.12993
https://doi.org/10.1016/j.jhep.2021.01.045
https://doi.org/10.1155/2013/256426
https://doi.org/10.1542/pir.34-9-420
https://doi.org/10.1111/cen.12104
https://doi.org/10.2165/00129784-200202060-00005
https://doi.org/10.1111/j.1365-2265.2007.02772.x
https://doi.org/10.1161/CIRCULATIONAHA.119.040552
https://doi.org/10.1186/1532-429X-13-24
https://doi.org/10.1016/j.acvd.2008.05.007
https://doi.org/10.1016/j.acvd.2008.05.007
https://doi.org/10.1016/j.bbacli.2015.04.005
https://doi.org/10.1111/j.1365-2265.2011.04190.x
https://doi.org/10.1002/lt
https://doi.org/10.1159/000093693
https://doi.org/10.3275/7724
https://doi.org/10.1080/08998280.2012.11928834
https://doi.org/10.1080/08998280.2012.11928834
https://doi.org/10.1007/BF01959786
https://doi.org/10.1530/EJE-07-0070

	Etiology of Hepatic Alterations in TS
	Hepatobiliary Histological Changes in TS
	Diagnostic Workup of Patients With Liver Abnormalities
	ERT: Modes of Administration
	The Relationship of Cardiovascular and Hepatic Alterations in TS
	Controversial Effects of ERT
	Conclusions

