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ABSTRACT

Introduction: Turner syndrome (TS) is associated with subfertility and infertility. Nevertheless, an
increasing number of women become pregnant through oocyte donation. The wish to conceive
may be negatively influenced by the fear of cardiovascular complications. The aim was to investi-
gate the wish to conceive and the concerns about cardiovascular complications during preg-
nancy in women with TS.

Methods: The patient association for TS invited all members of >18 years old (n=344) to com-
plete a specifically developed, disease-specific questionnaire, including questions about fertility,
wish to conceive, attempts and concerns. Results were compared with previously published
results of this questionnaire in women with congenital heart disease.

Results: The questionnaire was completed by 89 women (median age 30.1 years,
Q1-Q3 =22.9-39.4). Of them, 51% had 45, X0-monosomy and 38% had >1 cardiac abnormality.
Seventeen women (19%) had attempted to become pregnant and 12 of them succeeded to
become pregnant. Women who had not undertaken attempts to conceive (81%), considered
themselves mainly too young or had no partner. Of the total sample, 58% were concerned about
the influence of pregnancy on their cardiovascular status. This was higher (75%) in the sample
of women with TS and cardiac abnormalities, than in women with congenital heart disease from
a previously published cohort (21%), (p <.001). There were no differences in concerns about
pregnancy complications between women with TS who respectively had or had not attempted
to become pregnant.

Discussion: Women with TS, especially those with cardiac abnormalities, show serious concerns
about the risks pregnancy may have. Patients should be timely counseled and specifically asked
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about their concerns. Psychosocial care should be provided when necessary.

Introduction

Turner syndrome (TS) is caused by a partial or total
monosomy of the X-chromosome. One in 2000 live
born girls is affected [1,2]. TS is characterized by short
stature, webbed neck and gonadal dysgenesis. The
phenotype varies considerably and some women have
barely dysmorphic features. Awareness of TS from sev-
eral disciplines has increased in the past decades and
in the Netherlands it resulted in a multidisciplinary
approach which is now part of standard care [3].
Cardiac or aortic abnormalities are present in 30-40%
of women with TS [1,4,5]. Pregnancy in women with
TS is an important challenge due to the gonadal

dysgenesis, which may lead to premature ovarian fail-
ure. Only a small minority of women with TS is able to
conceive spontaneously. Nevertheless, since oocyte
donation became available, pregnancy became pos-
sible for a larger group of these women. The risk of
complications during pregnancy in women with TS is
suggested to be increased, in particular the risk of aor-
tic dissection [6]. Pregnancy is assumed to decrease
the integrity of the aortic wall [7]. The loss of structure
may have deleterious consequences in women with an
aortic syndrome and associated preexistent wall abnor-
malities. Several reports have described aortic dissec-
tion during pregnancy in patients with TS [8,9]. It is
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important to address this when counseling these
women. So far, it is unknown how many women with
TS are hesitant to become pregnant due to their
knowledge about this specific cardiovascular risk dur-
ing pregnancy.

The wish to conceive and concerns regarding preg-
nancy are rather unexplored and neglected field.
Whether one wants to have children or not and con-
cerns in this domain, are crucial subjects in a woman'’s
life. The surplus value of this study is that by gaining
more specific knowledge on essential themes, counsel-
ing of women with TS can be attuned more to these
women'’s wishes.

Since the past two decades the possibility to con-
ceive increased and evolved in this group of women,
the present study aims to investigate how many
women with TS have a wish to conceive and how
many actually undertake attempts to conceive. Also,
the concerns and fear for cardiovascular complications
during pregnancy are assessed.

Methods

This is a cross-sectional observational study organized
together with the Dutch patients association for
women with TS (“Turner Contact Nederland”). All adult
women with TS, who were the members of the associ-
ation, were approached by the association in
November 2014. After giving informed consent, partici-
pants received a questionnaire. The medical status of
all participants was checked to retrieve data on karyo-
type, cardiac abnormalities and conception or preg-
nancy outcomes. Institutional review board approval
was obtained (MEC-2014-457). The study was con-
ducted according to the Declaration of Helsinki (ver-
sion October 2013).

Data

A validated questionnaire about concerns and fear
for potential pregnancy complications in this specific
group is lacking. Hence, we based our questionnaire
as much as possible on an existing questionnaire for
patients with congenital heart disease, with pub-
lished data [10]. Questions are presented in the
results section. The karyotypes were subdivided into
the seven groups commonly used in the literature
[11]: monosomy, mosaic, isochromosomes, deletions,
polyploidy, ring chromosomes and Y material.

Statistical analysis

Age, karyotypes and cardiac abnormalities are
described. Concerns and fears were analyzed for age

groups, karyotypes and presence versus absence of
cardiac abnormalities. We compared women younger
than 25 years of age with women over 25, because
we hypothesized that the younger group may have
been influenced by the rapid increase in the
Netherlands of well organized and multidisciplinary
care and the availability of oocyte donation in the
past 10 years in particular. Continues variables were
checked for normality and presented as mean with
standard deviation, or as median with first and third
quartile (Q1-Q3). Categorical variables are presented
as frequencies and percentages, and compared using
chi-squared tests providing a p value. The p values
smaller than .05 was considered significant. The
Bonferroni method was used to correct for multiple
hypothesis testing, for each subgroup (corrected
oo=.05/n, with n=number of hypotheses tested). All
analyses were performed using SPSS version 21.0
(IBM Corp., Armonk, NY).

Results

Of the total 344 women with TS invited for this study,
104 women (30%) responded and gave informed con-
sent. The questionnaire was completed by 89 women
(86%). Median age was 30.1 years (Q1-Q3 =22.9-39.4;
range 18.0-65.7 years). Patient characteristics including
bicuspid aortic valve, aortic dilatation and coarctation
are presented in Table 1. One or more of these
anomalies were presented in 28 women (37.8%). Nine
women had other cardiac abnormalities: partial anom-
alous pulmonary venous return (n=4), abnormal ori-
gin of the right subclavian artery (n=2), corrected
persistent arterial duct (n=1), right descending aorta
and persistent left superior vena cava (n=1), dextro-
position (n=1).

Table 1. Patient characteristics.

n=289 %

Age (median, Q1-Q3) median =30.1 Q1-Q3 =22.9-39.4
Cardiac abnormalities® (total) 28 37.8
Bicuspid aortic valve® 20 28.6
Aortic dilatation 9 12.2
Coarctation 6 8.1
Other 9 12.2
Karyotype®

Monosomy 37 51.4
Mosaic 9 125
Isochromosomes 1 153
Deletions 3 42
Polyploidy 7 9.7
Ring chromosomes 1 14
Y material 4 5.6

?Cardiac abnormalities: unknown in 15 (16.9%) of patients.
bValve morphology: unknown in 19 (21.3%) of patients.
Karyotype: unknown in 17 (19.1%) of patients.
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Fertility and wish to conceive

The majority of the responders had been told by their
physician that they probably needed oocyte donation
to conceive (Table 2). Seventeen women (19.1%) were
told they were infertile (median age of 22.6 years,
Q1-Q3: 19.6-46.6, range: 18.5-62.6). Eleven patients
did not know their fertility status (median age of 22.1
years, Q1-Q3: 19.1-41.3, range: 18.0-65.7).

Seventeen patients (19.1%) had attempted to
become pregnant. The reason for not trying to get
pregnant in the remaining 72 patients, as shown in
Table 3, was in the majority their young age and the
fact that they felt a child would not (yet) fit into their
lives. Patients that reported their young age as a rea-
son for not trying to get pregnant (n=28), had a
median age of 21.1 years (Q1-Q3: 19.0-22.9, range
18.0-26.4). Three patients (3.4%) did not have a wish
for a child at all.

Of the 17 women, who had attempted to become
pregnant, 14 women had been treated with assisted
reproductive therapies. Five women failed to become
pregnant, of whom two were still trying to get preg-
nant. Eventually, 12 women became at least once
pregnant, which resulted in seven miscarriages before
20 weeks, one therapeutic abortion because of anen-
cephaly, and eight live births. Preconception cardiac
screening was performed in 12 of the 17 women; two
patients had not been screened (in one of them it was
20 years ago) and in three patients TS had not been

Table 2. Fertility.

Patients awareness of their fertility: n %

If I would like to attempt pregnancy, then | would 49 55.1
be dependent of an oocyte donation.

| might have natural hormone production and thus 12 135
| have a chance to conceive spontaneously.

Doctors told me | could not get pregnant at all. 17 19.1

| do not know about my fertility. 1 12.4

Table 3. Pregnancy attempts.

n %

Pregnancy attempt 17 19.1
No pregnancy attempt 72 80.9
Reason for no pregnancy attempts

Too young 18 20.2
Children do not fit (yet) into my life 14 15.7
Too young and combination of other reasons 10 11.2
Rather not by oocyte donation 6 6.7
Never tried due to small chances 5 5.6
Never had a partner, too old 5 5.6
For a medical reason | should not get pregnant 4 4.5
No partner yet 3 34
No desire to have children 3 34
Aims to start reproductive therapy 2 2.2
Other reasons 1 1.1
Unknown 1 1.1
Total 89
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diagnosed at the time of their first attempt to
conceive.

Concerns regarding pregnancy and cardiac
complications

The results of the concerns questionnaire were avail-
able for 87 patients and are shown in Figure 1:
more than half of the patients had concerns about
the influence of pregnancy or delivery on their car-
diovascular status. Figure 2 shows the presence of
concerns in TS women with cardiac abnormalities
compared to those without. There were no signifi-
cant differences in the concerns of women with and
without pregnancy attempts. Women younger than
25 years of age (n=31) seemed to have more con-
cerns about the heredity of TS (36% versus 13%,
p=.013), but less concerns about not having enough
energy for raising a child (29% versus 55%, p=.022)
and fewer concerns about a negative influence of
pregnancy on their mental health (13% versus 36%,
p=.023). After correction for multiple hypothesis
testing (p<.0033 considered significant), none of
these results were significantly different. No signifi-
cant differences were found in the answers to the
questionnaire between patients with (n=37) versus
without monosomy (n=34).

Table 4 shows the results of the comparison of
the questionnaires of the TS women with cardiac
abnormalities in our cohort with the questionnaires
of another cohort of women with congenital heart
disease [10]. The table shows that women with TS
and cardiac abnormalities had more concerns than
women with congenital heart disease regarding
pregnancy risks, also related to the possible
negative influence on their heart (75% versus 21%,
p <.001).

Discussion

In this study, we explored the wish to conceive and
the concerns of cardiovascular complications during
pregnancy in women with TS. Pregnancy had been
attempted by 19.1% of all women, while only 3.4%
had no wish for a child at all. More than half of all
women with TS have or have had concerns about
the influence of a potential pregnancy on their car-
diovascular health. In women with TS and cardiac
abnormalities this percentage was as high as 75%.
Women with TS and cardiac abnormalities also had
much more concerns regarding pregnancy and pos-
sible complications, than women with congenital
heart disease.
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N =87 0% 10%

How often have you felt concerns about fertility? :#:
1 !

Have you ever been afraid about transmision of Tumer syndrome to the child?

Have you ever been afraid about transmision of other hereditary disorders?

Have you ever been afraid of any harmful effects of Turner syndrome on your child?

Have you ever been afraid of not having encugh energy to raise a child?

Has your perceived life expectancy influenced your decision about attempting pregnancy ?*
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T 7 Never (9

Do you feel a certain heart disease could be a limiting factor in having children?

e Sometimes (%)

Have you ever been afraid pregnancy can have a negative influence on your heart?
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Have you ever been afraid pregnancy can have a negative influence on your acrta?

Have you ever been afraid pregnancy can have a negative influence on your overall heaith?

Have you ever been afraid pregnancy can have a negative influence on your mental health?

Have you ever been afraid delivery can have a negative influence on your heart?

Have you ever been afraid delivery can have a negative influence on your aorta?

Have you ever been afraid delivery can have a negative influence on your overall health?
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Figure 1. Concerns about pregnancy experienced by Turner patients.

Questionnaire in Turner patients with and without cardiac abnormalities

B Tumer patients with cardiac abnormalities (n=46) (%)

How often have you felt concerns about fertility?

Have you ever been afraid about transmision of Turer syndrome to the child?

Have you ever been afraid about transmision of other hereditary disorders?

Have you ever been afraid of any harmful effects of Turner syndrome on your child?

Have you ever been afraid of not having enough energy to raise a child?

Has your perceived life expectancy influenced your decision about attempting pregnancy?
Do you feel a certain heart disease could be a limiting factor in having children?

Have you ever been afraid pregnancy can have a negative influence on your heart?

Have you ever been afraid pregnancy can have a negative influence on your aorta?

Have you ever been afraid pregnancy can have a negative influence on your overall health?
Have you ever been afraid pregnancy can have a negative influence on your mental health?
Have you ever been afraid delivery can have a negative influence on your heart?

Have you ever been afraid delivery can have a negative influence on your aorta?

Have you ever been afraid delivery can have a negative influence on your overall health? |

Have you ever been afraid delivery can have a negative influence on your mental health?

B Tumer patients without cardiac abnormalities (n=28) (%)

pvalue*

‘ & 074
038

047

i 063

— - 093
— 18 0.47
eees——— 20 ' <0.001
* 0.0027
e 7 0005

I3 o 0.21

P 5 072
i 0.001

" <0.001

054

082

Figure 2. Concerns about pregnancy in Turner patients with cardiac abnormalities compared to Turner patients without cardiac
abnormalities. *p values of significance after Bonferroni's correction: p=.00333

Cardiovascular risks of reproductive therapy and
Turner’s syndrome

Awareness of cardiovascular pregnancy risks in women
with TS has evolved since 2003, when a study
reported an estimated 2% risk of maternal mortality
[6] in pregnancy after oocyte donation. This percent-
age, however, was based on equivocal extrapolation of
data. In the following 10 years, several papers were
published containing retrospective data on pregnancy
complications reporting aortic dissection rates during
pregnancy of 0% (0/9[12]; 0/13[13]; and 0/18[14]), 0.8%
(1/122[9]) and 2.2% (2/93[8]). Most of these patients
conceived through oocyte donation. In a national

study that might have partially overlapped with one of
these studies, one aortic dissection was found in 202
pregnancies (0.5%), where the majority conceived
spontaneously [15]. Outside pregnancy, the presence
of aortic dilatation, a bicuspid aortic valve and hyper-
tension are risk factors for aortic dissection in women
with TS [16]. However, also in the absence of these
factors and with a normal diameter of the aorta, dis-
section has been reported. Hence, women with TS
without aortic dilatation still need to be informed
about these risks: not only about the risk of dissection
but also about other pregnancy complications, like
hypertension and early onset preeclampsia. A large
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Table 4. Concerns about pregnancy in Turner patients (with
cardiac abnormalities) compared to other patients with con-
genital heart disease.

Turner
patients with
cardiac/aortic CHD p
disease patients® values®
N=287 (%) (%)
Have you ever felt concerns about 82 26 <.001
fertility?
Have you ever been afraid of any 50 37 a7
harmful effects of your disease on
your child?
Have you ever been afraid of not hav- 50 11 <.001
ing enough energy to raise a
child?
Do you feel a certain heart disease 75 22 <.001
could be a limiting factor in having
children?
Have you ever been afraid pregnancy 75 21 <.001

can have a negative influence on
your heart?

Have you ever been afraid pregnancy 61 21 <.001
can have a negative influence on
your overall health?

Have you ever been afraid delivery 71 28 <.001
can have a negative influence on
your heart?

Have you ever been afraid delivery 46 22 .005
can have a negative influence on
your overall health?

?Percentages of CHD patients extracted from: from: Opic et al. [10].
Pp values of significance after Bonferroni's correction: p =.00625.

Scandinavian study has shown the substantial risk of
hypertensive complications during pregnancy in
women with TS, who conceived by oocyte donation
[9. In 35% of these patients, pregnancy induced
hypertension or preeclampsia occurred, which might
be both related to TS and oocyte donation.

Since cardiac screening of women with TS prior to
conception is advocated by the European Society of
Cardiology guidelines [17], several studies have
reported on the number of preconceptionally screened
patients, which ranged from 37.6% to 48.7% [6,8,9].
Apart from those that received the diagnosis of TS
after pregnancy attempts or pregnancy, cardiac screen-
ing was performed in almost all women who
attempted pregnancy in our cohort, except for one
patient who delivered in 2009 and one patient who
tried to become pregnant in the nineties.

Fertility and counseling

Fertility issues and TS are closely connected, and the
majority of women in our cohort do seem to be
informed about their situation. However, 12.4% of
(mainly younger, median age 22 years) patients did
not know whether they are fertile or not. In a previous
study, nondisclosure or partial disclosure of the TS
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diagnosis or associated infertility appeared to be a
common strategy of physicians toward their patients,
mostly in consensus with the patient’s parents [18].
Withholding such important information may induce
fear, isolation and depression [18,19]. However, in
recent research it seemed that mainly parents of very
young children had barriers to communicate about
fertility [20]. Overprotective parents of the child with
an (cardiac) anomaly influences the evolvement of
body image and self-esteem, and parents should be
guided in how to communicate with their child about
reproductive matters [21].

Patients with sex development disorders were previ-
ously reported to have difficulties with social inter-
action and impaired cognition, fewer experiences with
sexual relationships and lack of initiative to finding a
partner [22,23,24]. Talking about these subjects may
help to lower the thresholds for entering a relation-
ship. Also, early puberty induction may optimize their
psychosocial development [25,26]. When fertility is dis-
cussed, a patient should also be informed about her
risks of pregnancy complications. Timing of this add-
itional information should not be delayed to adult
age. Although adolescents with TS are generally older
when they become sexually active [27], the age of
onset of sexual intercourse decreases in the general
population, and this may also happen in young
patients with TS. In patients with congenital heart dis-
ease the (perceived) level of information regarding
sexual activities and pregnancy seems to be deficient
[10]. In Marfan syndrome, where the risk of aortic dis-
section during pregnancy is much better documented,
women reported not having started a family partly
because of the chances for an affected child, but also
because of worries for personal health in 30% of the
study cohort [28]. An increase in consciousness in
reproductive decision-making was reported, similarly
to some other genetic counseling populations. The
authors do emphasize that this may also bring induce
an undesired increased psychological burden.

Education about fertility and cardiovascular risks in
women with TS by cardiologists and gynecologists
should be adequately timed, and when necessary fol-
low-up by a psychologist should be offered.

Anxiety and pregnancy

The women in this study seem to have much more
concerns about pregnancy and delivery risks, particu-
larly when they have a cardiac abnormality, than
women with congenital heart disease assessed by the
same questionnaire. The female patients in the refer-
ence cohort were older (median age 39) than in our
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study cohort, which could partly explain the fact that
patients were less worried about pregnancy complica-
tions. Women were older and hence, might remember
fewer concerns. However, comparing patients younger
than 25 years to those older than 25, revealed no sig-
nificant differences. Also, fertility is less of an issue in
women without TS, which should be taken into
account when interpreting our results.

It remains unknown if the difference between the
two cohorts is due to information provided during
counseling, or if this is associated with an underlying
anxiety disorder or symptoms, which are known to be
more common in women with TS [1]. Furthermore, a
previous study described that women with congenital
heart disease who thought they were unable to bear a
child, often had expressions of self-hate and a feeling
of inadequacy as women [21]. Regardless of the under-
lying cause, during pregnancy, stress symptoms have
shown to be associated with adverse pregnancy out-
comes [29,30,31]. Thus, the presence of anxiety symp-
toms does warrant extra psychosocial care.

Clinical implications

Young women with TS, should be adequately
informed about fertility issues, but also about the risks
of pregnancy, irrespective of conceiving by spontan-
eous conception or oocyte donation [32,33,34]. After
full disclosure of risks, women should be offered not
only psychosocial support regarding subfertility or
infertility, but also regarding fear or concerns of preg-
nancy complications since this might influence their
pregnancy outcome as well.

Limitations and future perspectives

Since a validated questionnaire about this topic was
not available from literature, we derived questions from
a questionnaire already used in a cohort study of
women with congenital heart disease [10]. We added
questions focusing on the aorta and also on mental
health. The questions were based on literature and clin-
ical experience of experts in this field (JR;EU). However,
since this is the first study using this questionnaire,
future studies are needed to replicate our findings.

The initial response rate was quite low, which is
probably related to the fact that people were
approached through a nonmedical institution by air-
mail, so not in person, and first had to give their con-
sent before questionnaires were sent. Since, we do not
have data from nonresponders, we do not know to
what extent a potential selection bias may have influ-
enced our results. Overall, the age of women in our

cohort was quite low, given the fact that all age catego-
ries are represented within the patient society. The
topic of research is probably most appealing for
women of young age who are considering their options
of starting a family. Although this might induce a selec-
tion bias, the risk of recall bias is subsequently lower.

Finally, we did not report the medical fertility status,
as opposed to the perception about fertility of women
with TS in our cohort. It would be interesting to know
whether there is a discrepancy between fertility and
perceived fertility.

Conclusion

In this cohort, half of the women with TS currently or
previously experienced fears and concerns about car-
diac or aortic complications during pregnancy. This
holds particularly for women with a cardiac abnormal-
ity. Information about these risks should be given, and
psychosocial support during fertility and pregnancy
counseling should be provided without restraint.
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» Current knowledge on the subject:

TS is often characterized by infertility.

An increasing number of women with TS can conceive through oocyte donation.

They have an increased risk of cardiovascular complications and potentially of aortic dissection during
pregnancy.

» What this study adds:

Women with TS appeared to have considerable concerns about the influence of pregnancy on their heart
and aorta.

This was even more pronounced in women with TS and cardiac abnormalities who showed much more
concerns than other women with congenital heart disease.

Women should be adequately informed about the cardiovascular risks during pregnancy, but also screened
for the need of additional psychological support to deal with these risks.
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