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Background/Objective: There are limited studies on cardiovascular
abnormalities (CAs) and their warning signs in children with Turner syndrome
(TS). The main aim of this 15-year retrospective study was to investigate the
warning signs of CAs in children with TS and to suggest ways to prevent them.
Methods: This retrospective study analyzed children diagnosed with TS at our
pediatric endocrinology clinic. The study examined patients with TS with CAs
and their warning signs.

Results: A total of 37 cases were included in our study. The average age at
presentation was 7.48 + 3.49 years. According to the results of transthoracic
echocardiography, the children were divided into two groups: (1) TS without
CAs (n=31) and (2) TS with CAs (n=6). The incidence rate of CAs was 16.2%
(6/37). Of the six cases, five had congenital heart disease, four of which
underwent cardiac surgery. One patient developed descending aortic
coarctation during growth hormone therapy and underwent aortic coarctation
repair surgery. The proportions of haplotypes, chimeric types, and structural
abnormalities in the TS without CAs group were 9/31, 16/31, and 6/31,
respectively. In the TS with CAs group, these proportions were as follows: 1/6,
3/6, and 2/6, respectively. A comparative analysis revealed no statistically
significant variation in karyotype frequencies between the two groups. In the
TS without CAs group, 0.0% of the mothers had abnormal blood pressure
during pregnancy. In the TS with CAs group, the incidence of hypertension in
the mothers during pregnancy was 33.3%. A significant difference in
gestational hypertension was observed between the two groups (P=0.016).
However, no significant differences were observed between the groups in
terms of heart rate or blood pressure parameters (systolic/diastolic).
Conclusions: Children with TS born to mothers with gestational hypertension
appear to have a higher prevalence of CAs. These findings suggest that
maternal gestational hypertension may serve as a potential early clinical
marker for increased cardiovascular risk in this population and may warrant
closer postnatal cardiac surveillance.
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1 Introduction

Turner syndrome (TS) is the only monosomic syndrome that
can be survived in humans. It has a prevalence of approximately
1 in 2,500 live-born female infants and 1 in 4,000 live-born
infants (1). Cardiovascular abnormalities (CAs) occur in 50% of
the TS population, which is a significant cause of premature
death. This standardized mortality rate is three times higher than
that in the general female population (2). In recent years, there
has been an increase in studies on the TS population with CAs.
TS may lead to the development of CAs at different stages of life.
It is crucial to focus on the childhood phases of TS to improve
the quality of life of these patients. Nevertheless, few studies have
examined the rate of TS with CAs in children, nor have they
investigated the associated warning signs.

Our study involved a retrospective analysis of children with TS
with CAs, investigating the warning signs and providing ideas for
relevant prevention and treatment measures. Children diagnosed
with TS at our pediatric endocrine clinic and undergoing follow-
up at outpatient clinics were included in our study.

2 Materials and methods

2.1 Patients

This was a retrospective, record-based study. Children who
visited our pediatric endocrinology clinic with a diagnosis of
“short stature, postnatal edema, no breast development, vaginal
bleeding, and hypothyroidism” between January 2007 and
December 2021 were included in the analysis. They were
diagnosed with TS using a peripheral blood chromosomal
karyotype. The
ethics committee.

study was approved by our medical

Enrollment criteria included complete personal and basic
information, female external genitalia, and peripheral blood
chromosome karyotype analysis meeting the following criteria:
monosomic TS (45, X), chimeric TS (45,X/46,XX, 45, X/46,X,i
(X), 45,X/47, XXX, 45,X[35]/46,X, r(X), etc.), and X chromosome
structural abnormalities {partial deletions of the short arm of
chromosome X, isochromosome Xg, ring X chromosome [r(X)],
etc.} (3); they had transthoracic echocardiography reports.

Patients were excluded if they had (1) non-Turner syndrome
karyotypes, (2) severely incomplete medical records, or (3) lacked
transthoracic echocardiography reports.

2.2 Methods

The following clinical data were collected: birth date, birth
weight, chronological age at presentation, height, weight, presence
of Turner’s signs, bone age (TW3 method), blood pressure
(systolic blood pressure and diastolic blood pressure), heart rate,
electrocardiogram (ECG), transthoracic echocardiography, history
of cardiac surgery, other complications, whether or not the mother
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has gestational hypertension, and parental height. Body surface
area was calculated in m? as follows: <30 kg: weight x 0.035 + 0.1;
>30 kg: (weight —30) x0.02 + 1.1. Body mass index (BMI) was
calculated as follows (kg/m®): weight/(height x height). The BMI
standard deviation score (SDS), height-for-age SDS, and height-
for-bone-age SDS were calculated (4). Genetic target height was
calculated in cm as follows: [(Paternal height + Maternal
height) — 13 cm]/2.

Transthoracic echocardiography examinations at our hospital
were performed by a team of three experienced ultrasound
medicine specialists, each of whom has received specialized
training in pediatric cardiology and echocardiography. The team
adhered to standardized image acquisition and interpretation
protocols to ensure consistent and reliable results.

Senior pediatric cardiologists with over a decade of clinical
diagnostic experience confirmed the CA diagnoses, strictly
adhering to established clinical guidelines. These specialists based
their
transthoracic echocardiography.

evaluations on thorough clinical examinations and

The clinical parameters for a diagnosis of a CA were as follows:
blood pressure >140/90 mmHg after 20 weeks of gestation, a
negative urine protein test result or 24-h urine protein
quantification of <0.3 g/L, with no history of hypertension or
kidney disease before 20 weeks of gestation. The children were
diagnosed with hypertension by referring to the Chinese blood
pressure standard for those aged 3-17 years (5).

Figure 1 shows the patient screening flowchart in detail.

2.3 Statistical analysis

The statistical analysis was performed using SPSS version 25.0.
Measurement data were expressed as mean + standard deviation.
An independent samples t-test was used to compare the two
groups for parametric data, and the Mann-Whitney U-test was
used for non-parametric data. Enumeration data were expressed
as the number of cases and percentage and analyzed using the
chi-square (x?) test or Fisher’s exact probability method. A
P-value of <0.05 was considered statistically significant. All
figures were drawn using GraphPad Prism 9.5.0.

3 Results

3.1 Clinical characteristics and grouping of
children with TS

A total of 47 cases of TS were successfully screened. Ten cases
were excluded due to incomplete data and not meeting the
inclusion criteria. Ultimately, 37 cases were included in the
statistical analysis. Of the 37 cases, 32 had short stature, 1 had
1 had a lack of breast development, 1 had
1 had hypothyroidism, and 1 had delayed
breast development. The mean birth weight was 2.87 +0.46 kg
(range 2.00-3.50 kg).
7.48 £3.49 years (range 1.08-15.63 years). The mean bone age

postnatal edema,
vaginal bleeding,

The mean age at presentation was
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Pediatric Endocrinology Clinic
15 year medical records of girls
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FIGURE 1
Patient screening flowchart

was 6.54 +2.92 years (range 2.00-13.50 years). The mean height
was 108.25+16.95 cm (range 69.50-147.50 cm), and the mean
weight was 20.07 + 8.65 kg (range 7.94-50.00 kg).

The 37 cases of TS were divided into two groups according to
the presence or absence of CA: (1) TS without CAs (n=31) and (2)
TS with CAs (n =6, 16.2%) (Figure 2A). There were no statistically
significant differences in the following variables between the two
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groups: birth weight (kg), age at presentation (years), height
(cm), weight (kg), BMI (kg/mz), body surface area (m?), bone
age (TW3) (years), height-for-age standard deviation score,
height-for-bone-age standard deviation score, heart rate (beats
per min), systolic blood pressure (mmHg), diastolic blood
height The
parameters and corresponding P-values are shown in Table 1.

pressure (mmHg), and genetic target (cm).
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(**P =0.016).
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FIGURE 2

(A) Prevalence of CAs in children with Turner syndrome. The CA prevalence was 16.2% among the 37 children with TS, while the group without CAs
accounted for 83.8%. (B) Distribution of haplotype, chimeric type, and structural abnormalities in children with Turner syndrome. The prevalence of
haplotype, chimeric type, and structural abnormalities was 29.0%, 51.6%, and 19.4% in the TS without CAs group, respectively, while the prevalence in
the TS with CAs group was 1/6 (16.7%), 3/6 (50.0%), and 2/6 (33.1%), respectively. (C) Incidence of gestational hypertension in the TS without the CAs
and the TS with CAs groups. The incidence was significantly higher (33.3%) in the TS with CAs group compared to 0.0% in the TS without CAs group

TABLE 1 Comparison of baseline characteristics between children with
Turner syndrome with or without cardiovascular abnormalities.

Parameter | TS without | TS with CAs t/ P-
the CAs group Z-value | value
group (n = 31) (n=6)

BW (kg) 2.86 +0.42 2.92+0.65 0.293 0.771
CHA (years) 7.11+£3.22 9.39 +4.50 1.494 0.144
Height (cm) 106.50 + 15.41 117.28 +22.98 1.448 0.157
Weight (kg) 19.17 £7.26 2477 £13.81 1.476 0.149
BMI (kg/m?) 16.30 £2.02 1676 +3.11 —0.124 0.902
BMI SDS 022+1.12 —0.19%0.76 —0.683 0.495
BSA (m?) 0.74+0.18 0.88 +£0.31 1.433 0.161
BA (TW3) 6.17 £2.67 8.43+3.63 1.791 0.082
(years)

AHSDS —2.90 +0.50 —2.65+0.59 1.083 0.286
BAHSDS —221+1.42 —228+125 —0.097 0.924
HR (t/m) 96 + 12 90 +11 —1.156 0.256
SBP (mmHg) 99+6 104+15 1.235 0.226
DBP (mmHg) 62+6 67+15 —0.413 0.679
GTH (cm) 157.97 £ 5.01 158.33 +2.46 0.166 0.869

TS, Turner syndrome; CAs, cardiovascular abnormalities; BW, birth weight, one data point of
birth weight missing; CHA, chronological age; BMI, body mass index; BMISDS, body mass
index standard deviation score; BSA, body surface area; BA, bone age; AHSDS, height-for-age
standard deviation score; BAHSDS, height-for-bone-age standard deviation score; HR, heart
rate; SBP, systolic blood pressure, four data points missing; DBP, diastolic blood pressure,
four data points missing; GTH, genetic target height.

3.2 Differences in haplotypes, chimeric
types, and structural abnormalities between
the TS without CAs and the TS with CAs
groups

The frequency of haplotypes, chimeric types, and structural
abnormalities was 9/31 (29.0%), 16/31 (51.6%), and 6/31 (19.4%)
in the TS without CAs group, respectively, and 1/6 (16.7%), 3/6
(50.0%), and 2/6 (33.1%) in the TS with CAs group, respectively.
There was no statistical difference in the proportion of
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haplotypes (x>=0.390, P=0.532), mosaic type (x°=0.005,
P=0942), or structural abnormality (x*=0.580, P=0.446)
between the two groups. These details are shown in Table 2
and Figure 2B.

3.3 The difference in gestational
hypertension between the TS without CAs
and the TS with CAs groups

The incidence of gestational blood pressure abnormalities in
the TS without CAs group was 0.0% (0/31). Two cases of
gestational hypertension and one case of hypotension occurred in
the TS with CAs group, with an incidence rate of gestational
hypertension of 33.3% (2/6). Fisher's exact test revealed a
statistically significant difference in the incidence of gestational
hypertension between the two groups (P=0.016) (Figure 2C).
The incidence of gestational hypotension (16.7%, 1/6) was not
statistically significant compared to the TS without CAs group
(P=0.114). This suggests that gestational hypertension may be a
warning sign of TS with CAs, whereas gestational hypotension
may not be.

Heart rate and blood pressure data were missing for 4 of the 31
cases in the TS without CAs group. The incidence of an increased
heart rate in the TS without CAs group was 18.5% (5/27), while
elevated systolic and diastolic blood pressure occurred in 3.7%
(1/27) and 7.4% (2/27) of the cases, respectively. The incidence
of an increased heart rate in the TS with CAs group was 0.0%
(0/6). The incidence of increased systolic blood pressure and
diastolic blood pressure was 16.7% (1/6), respectively. There were
no statistically significant differences in the incidence of
increased heart rate, systolic blood pressure, and diastolic blood
pressure between the two groups (P=0.556, 0.335, and 0.464,
respectively). This suggests that children with TS have the same
probability of increased heart rate, systolic blood pressure, and
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TABLE 2 Peripheral
Turner syndrome.

Group _ No.___Kayoype
1

1) TS without CAs 45,X([50]

blood karyotypes in 37 children with

1
2 46,X,i(X)(q10)

3 45,X[58]/46,x,+mar[30]/46,X,r(X)(p22.3q28)[12]
4 45,X[39]/46,X,i(X)(q10)[11]

5 45,X[16]/46,X,i(X)(q10)[44]

6 45,X[54]/46,X,i(X)(q10)[6]

7 45X[21]/46,X,i(Xq)[9]

8 45X[7]/46,X,i(X)(q10)[43]

9

45X
10 45X
11 45,X[30]/46,X,psu idic(X)(q22.1)[30]
12 46,X,i(X)(q10)[30]
13 45,X[13]/46,X,i(X)(q10)[47]
14 45 X[47]/47, XXX[12]
15 45,X[51]/47,XXX[9]
16 45,X[45]/47,XXX[15]
17 46,X,i(X)(q10)
18 45,X[35]/46,X, r(X)(p22.3q28)X[15]
19 46,X,i(X)(q10)
20 45,X[91/46,X,i(X)(q10)[41]
21 45,X[5]/46,X,i(X)(q10)[37]/46,XX[8]
22 45,X[37]/46,XX[13]
23 45,X[52]/47,XXX[8]
24 45,X[50]
25 45,X[33]/46,X,i(X)(q10)[27]
26 45X
27 45X
28 45X
29 45X
30 45X
31 46,X,del(X)(p21.2),inv(9)(p12q13)
(2) TS with CAs 32 46,X,del(X)(p10)
33 45,X[44]/46,X,i(X)(q10)[16]
34 45,X[57]/46,X,+mar[3]
35 46,X,i(X)(q10)
36 45,X[30]
37 45,X[6]/46,X,del(X)(p11.2)[54]

TS, Turner syndrome.

diastolic blood pressure, regardless of whether they have a CA.
These indicators may not be statistically significant warning signs
for TS with CAs.

3.4 ECG abnormalities in the TS without
CAs and TS with CAs groups

ECG abnormalities were observed in seven cases in the TS
without CAs group, and ECG data were missing in six cases,
representing an incidence rate of 28.0% (7/25). Four patients had
sinus tachycardia. Two patients had changes to their ST segment,
and one patient had an incomplete right bundle branch block.
There were three cases with ECG abnormalities in the TS with
CAs group (3/6), with an incidence rate of 50.0%. Fisher’s exact
test revealed no statistical significance when comparing the
incidence rates of the two groups (P =0.358).
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The incidence of being small for gestational age was 22.3% (7/
30; data for birth weight were missing for 1 case) in the TS without
CAs group and 33.3% (2/6) in the TS with CAs group. This
difference was not statistically significant (P =0.627).

3.5 Transthoracic echocardiography data of
the TS with CAs group

A total of six cases in the TS with CAs group were diagnosed at
0.1-15.6 years). The
cardiovascular abnormalities were found at a median age of

a median age of 10.4years (range
7.2 years (range 0.2-15.8 years). Of the six cases, five had
congenital heart disease. Four of them underwent cardiac surgery
(surgical rate of 66.7%). The five cases included a ventricular
septal defect (subpulmonary type, approximately 8 mm) with the
formation of a membranous aneurysm, spontaneous healing of a
ventricular septal defect (5.5 mm), widening of the aortic root
with mild left ventricular enlargement, a secundum atrial septal
defect (16 mm), and a partial anomalous pulmonary venous
connection with an atrial septal defect. One patient developed
descending aortic coarctation during growth hormone therapy
and underwent aortic coarctation repair surgery.

4 Discussion

Our study suggests that gestational hypertension may serve as a
potential warning sign for TS with CAs in children. A study
showed that infants born to women with pre-eclampsia were
more likely to have congenital heart defects than those born to
women without the condition (6). The prevalence of septal
defects was highest among infants born to women with early-
onset pre-eclampsia (before 34 weeks), compared to those with
later onset (6). Of the six children in our study who had TS with
CA, two had mothers
particular, one infant was small for gestational age with a birth

with gestational hypertension. In
weight of 2.25kg. This is consistent with studies reporting that
arterial hypertension during pregnancy can increase the risk of
low birth weight and infants who are small for gestational age
(7). Gestational hypertension in mothers appears to be associated
with CA and/or low birth weight in female infants, warranting
consideration of TS in these infants. These findings suggest a
possible association between gestational hypertension and CA in
children with TS, though causality remains unconfirmed and
requires further study.

Transthoracic echocardiography (or cardiovascular MRI) is the
primary method for the diagnosis of CA and ongoing monitoring
in children with TS (8). Transthoracic echocardiography is
routinely recommended as the initial imaging modality upon TS
diagnosis. There is a high risk of cardiovascular complications,
particularly aortic dilation, in children with TS, and our study
found a CA prevalence of 9%, within the reported literature
range of 1%-45% (9). The most common CAs in TS include a
bicuspid aortic valve (20%-30%) and coarctation of the aorta
(7%-18%) (10). Our study identified two cases of aortic
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coarctation (5.4%, 2/37), suggesting a relatively low incidence. This
discrepancy may reflect that CA prevalence in TS is typically
reported across all age groups, whereas our study specifically
focused on pediatric cases. Some cardiac abnormalities develop with
age, and some children in this study have not yet reached the age
of onset of these CAs. Diagnosis is also limited by transthoracic
echocardiography technology. Therefore, it is essential to follow up
on cardiovascular changes in children with TS closely.

Due to the high risk of cardiovascular complications, it is
recommended to initiate cardiac-related examinations in patients
with TS at 12 years (11). The mean age of aortic dilation onset
was 25.55 £ 5.78 years (12), and the median age of onset of aortic
dissection was 35 years (13). In our study, the median age of
onset of cardiac abnormalities was 7.2 years (0.2-15.8 years). One
of the 37 cases had aortic root widening at the age of 4.3 years,
which was significantly younger than the onset age reported in
the literature, suggesting that cardiovascular changes in children
with TS younger than 12 years old should be monitored.

There were six children with TS with confirmed cardiac
abnormalities in our study. Four of them underwent cardiac
surgery, with an operation rate of 66.7%, among which surgery for
coarctation of the aorta made up 50%. As reported in the literature
(14), among 780 patients with TS aged 0-18 years who required
surgery, 274 (35%) underwent repair of coarctation of the aorta and
116 (15%) underwent repair of the aortic arch. The proportion of
children with TS receiving surgery for coarctation of the aorta in
our study was higher than in the studies referenced above, which
may be related to the small number of total cases with cardiac
abnormalities in our study. This suggests that the possibility of
coarctation of the aorta should be regularly monitored using
transthoracic echocardiography in children with TS. At least 12.6%
of girls born with aortic coarctation are diagnosed with TS (15),
indicating that if these girls are diagnosed with aortic coarctation
via transthoracic echocardiography during the fetal period or after
birth, the possibility of TS should be considered. Peripheral blood
karyotype analysis can aid in further diagnosis.

TS populations have exhibited significantly elevated systolic and
diastolic blood pressure, heightening cardiovascular complication
risks (16). In our study, although there was no statistical difference
in the occurrence of increased blood pressure between the two
groups, the rate of increased blood pressure was higher in the TS
with CAs group. One study demonstrated that pediatric patients
with TS and hypertension had heightened cardiovascular disease
predisposition, attributable to metabolic dysregulation (17). Our
that while
hypertension appeared to directly cause CAs in the children with

study revealed neither systolic nor diastolic
TS, patients with existing cardiac anomalies require regular blood
pressure surveillance for optimal complication prevention.

This study was limited by its retrospective design, small sample
size, and incomplete imaging data, which restricted the ability to
draw definitive conclusions. As a single-center cohort, the
findings may not be broadly generalizable. In addition, the
sample size was insufficient to fully assess all the statistical
associations explored, including the relationship between

and CA with TS.

Nonetheless, this study raises important concerns and highlights

gestational hypertension in patients
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patterns that warrant further investigation in larger, prospective
multicenter cohorts using age-specific surveillance protocols.

5 Conclusion

Children with TS born to mothers with gestational hypertension
appear to have a higher prevalence of CAs. These findings suggest
that maternal gestational hypertension may serve as a potential
early clinical marker for increased cardiovascular risk in this
population and may warrant closer postnatal cardiac surveillance.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

Ethics statement

This study involving humans was approved by the ethics
committee of the Affiliated Hospital of Jiangnan University. The
study was conducted in accordance with the local legislation and
institutional requirements. This study received an informed
consent waiver from our hospital’s Ethics Committee in

accordance with applicable regulations for retrospective studies.

Author contributions

HJ: Conceptualization, Data curation, Methodology, Software,
Writing - original draft, Formal analysis, Investigation. YL: Writing —
review & editing, Formal analysis, Software, Methodology. PH:
Writing - review & editing. BZ: Investigation, Formal analysis,
Resources, Writing — review & editing. YZ: Writing - review &
Methodology. ZX: Writing -
Conceptualization, Supervision, Validation. YM: Funding acquisition,

editing, review & editing,
Project administration, Resources, Supervision, Writing — review &
editing, Conceptualization, Data curation, Software, Validation,

Visualization.
Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This study was
supported by the Top Talent Support Program for Young and

Middle-aged People in the second term of the Wuxi Health
Committee (BJ2023054).

Acknowledgments

We are grateful to Jinping Li and Xiaowei Zheng, Jiangnan
University, for their helpful assistance with the statistics in the

frontiersin.org


https://doi.org/10.3389/fped.2025.1576434
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Jia et al.

paper. We are grateful to all individuals whose data contributed to
this retrospective analysis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

References

1. Ramage K, Grabowska K, Silversides C, Quan H, Metcalfe A. Maternal,
pregnancy, and neonatal outcomes for women with Turner syndrome. Birth Defects
Res. (2020) 112(14):1067-73. doi: 10.1002/bdr2.1739

2. Donato B, Ferreira MJ. Cardiovascular risk in Turner syndrome. Rev Port Cardiol
(Engl Ed). (2018) 37(7):607-21. doi: 10.1016/j.repc.2017.08.008

3. Lacka K, Pempera N, Gléwka A, Mariowska A, Miedziaszczyk M. Turner
syndrome and the thyroid function—a systematic and critical review. Int ] Mol Sci.
(2024) 25(23):12937. doi: 10.3390/ijms252312937

4. Li H, Ji CY, Zong XN, Zhang YQ. Height and weight standardized growth charts
for Chinese children and adolescents aged 0-18 years. Zhonghua Er Ke Za Zhi. (2009)
47(7):487-92 (in Chinese).

5. Fan H, Yan YK, Mi J; on behalf of the Chinese Child Blood Pressure References
Collaborative Group. Updating blood pressure references for Chinese children aged 3-17
years. Chin ] Hypertens. (2017) 25(5):428-35. doi: 10.16439/j.cnki.1673-7245.2017.05.009

6. Auger N, Fraser WD, Healy-Profités J, Arbour L. Association between
preeclampsia and congenital heart defects. JAMA. (2015) 314(15):1588-98. doi: 10.
1001/jama.2015.12505

7. Rocha de Moura MD, Margotto PR, Nascimento Costa K, Carvalho Garbi Novaes
MR. Hypertension induced by pregnancy and neonatal outcome: results from a
retrospective cohort study in preterm under 34 weeks. PLoS One. (2021) 16(8):
€0255783. doi: 10.1371/journal.pone.0255783

8. Birjiniuk A, Weisman AG, Laternser C, Camarda J, Brickman W], Habiby R, et al.
Cardiovascular manifestations of Turner syndrome: phenotypic differences between
karyotype subtypes. Pediatr Cardiol. (2024) 45(7):1407-14. doi: 10.1007/s00246-023-
03159-0

9. Bondy CA. Heart disease in Turner syndrome. Minerva Endocrinol. (2007)
32(4):245-61.

Frontiers in Pediatrics

07

10.3389/fped.2025.1576434

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

10. Donadille B, Christin-Maitre S. Heart and Turner syndrome. Ann Endocrinol
(Paris). (2021) 82(3-4):135-40. doi: 10.1016/j.and0.2020.12.004

11. Kostopoulou E, Bosdou JK, Anagnostis P, Stevenson JC, Goulis DG.
Cardiovascular complications in patients with Turner’s syndrome. Curr Pharm Des.
(2020) 26(43):5650-9. doi: 10.2174/1381612826666200531152459

12. Chou YY, Wang CJ, Lin CH, Chung HT, Lo FS. Association between
cardiovascular anomalies and karyotypes in Turner syndrome patients in Taiwan: a
local cohort study. Pediatr Neonatol. (2020) 61(2):188-94. doi: 10.1016/j.pedneo.
2019.10.001

13. Gravholt CH, Landin-Wilhelmsen K, Stochholm K, Hjerrild BE, Ledet T,
Djurhuus CB, et al. Clinical and epidemiological description of aortic dissection in
Turner’s syndrome. Cardiol Young. (2006) 16(5):430-6. doi: 10.1017/
$1047951106000928

14. Chew JD, Hill KD, Jacobs ML, Jacobs JP, Killen SAS, Godown J, et al. Congenital
heart surgery outcomes in Turner syndrome: the Society of Thoracic Surgeons
database analysis. Ann Thorac Surg. (2019) 108(5):1430-7. doi: 10.1016/j.athoracsur.
2019.05.047

15. Eckhauser A, South ST, Meyers L, Bleyl SB, Botto LD. Turner syndrome in girls
presenting with coarctation of the aorta. J Pediatr. (2015) 167(5):1062-6. doi: 10.1016/
j-jpeds.2015.08.002

16. Sandahl K, Wen J, Erlandsen M, Andersen NH, Gravholt CH. Natural history of
hypertension in Turner syndrome during a 12-year pragmatic interventional study.
Hypertension. (2020) 76(5):1608-15. doi: 10.1161/HYPERTENSIONAHA.120.15292

17. Silberbach M, Roos-Hesselink JW, Andersen NH, Braverman AC, Brown N,
Collins RT, et al. Cardiovascular health in Turner syndrome: a scientific statement

from the American Heart Association. Circ Genom Precis Med. (2018) 11(10):
€000048. doi: 10.1161/HCG.0000000000000048

frontiersin.org


https://doi.org/10.1002/bdr2.1739
https://doi.org/10.1016/j.repc.2017.08.008
https://doi.org/10.3390/ijms252312937
https://doi.org/10.16439/j.cnki.1673-7245.2017.05.009
https://doi.org/10.1001/jama.2015.12505
https://doi.org/10.1001/jama.2015.12505
https://doi.org/10.1371/journal.pone.0255783
https://doi.org/10.1007/s00246-023-03159-0
https://doi.org/10.1007/s00246-023-03159-0
https://doi.org/10.1016/j.ando.2020.12.004
https://doi.org/10.2174/1381612826666200531152459
https://doi.org/10.1016/j.pedneo.2019.10.001
https://doi.org/10.1016/j.pedneo.2019.10.001
https://doi.org/10.1017/S1047951106000928
https://doi.org/10.1017/S1047951106000928
https://doi.org/10.1016/j.athoracsur.2019.05.047
https://doi.org/10.1016/j.athoracsur.2019.05.047
https://doi.org/10.1016/j.jpeds.2015.08.002
https://doi.org/10.1016/j.jpeds.2015.08.002
https://doi.org/10.1161/HYPERTENSIONAHA.120.15292
https://doi.org/10.1161/HCG.0000000000000048
https://doi.org/10.3389/fped.2025.1576434
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Cardiovascular abnormalities in children with Turner syndrome: a 15-year retrospective study and analysis of warning signs
	Introduction
	Materials and methods
	Patients
	Methods
	Statistical analysis

	Results
	Clinical characteristics and grouping of children with TS
	Differences in haplotypes, chimeric types, and structural abnormalities between the TS without CAs and the TS with CAs groups
	The difference in gestational hypertension between the TS without CAs and the TS with CAs groups
	ECG abnormalities in the TS without CAs and TS with CAs groups
	Transthoracic echocardiography data of the TS with CAs group

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


