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Abstract
Choosing a route to parenthood can be a difficult decision for individuals with Turner syndrome, who must consider the 
unlikely possibility of spontaneous pregnancy, the potential need for assisted reproductive technology such as in vitro fer-
tilization (IVF), and the risks of pregnancy-related complications. In addition, there are other options for parenthood, such 
as surrogacy and adoption. The perspectives of individuals with Turner syndrome regarding routes to parenthood have not 
been described in the literature, despite thorough investigation into the feasibility and safety of pregnancy in this popula-
tion. We conducted a novel online survey of 226 individuals with Turner syndrome to assess their interest in parenthood, 
their perspectives on available routes to parenthood, and the factors that influence their decision-making. One-quarter of 
the respondents were already parents, including 54.5% who had achieved pregnancy and 45.5% who adopted. Of those who 
were not parents, 68.5% expressed a desire to become a parent. Overall, participants had the strongest interest in adoption 
as a route to parenthood. Interest in adoption was significantly associated with fear of pregnancy-related risks to their health 
and the health of a future child. Participants also reported interest in pregnancy and IVF. Interest in both pregnancy and 
IVF were significantly associated with a desire to experience pregnancy and to have a biological child. This study provides 
important insights into the perspective of individuals with Turner syndrome with respect to building a family and serves as 
a valuable counseling resource for clinicians facilitating patient decision-making about options for parenthood.
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Background

Turner syndrome is a multisystem genetic disorder charac-
terized by the presence of one intact X chromosome and 
an absent or structurally abnormal second sex chromosome 
(Gravholt et  al. 2017). Almost half of individuals with 
Turner syndrome have mosaicism in which there is a com-
bination of 45,X and another cell line involving X or Y. In 
Turner syndrome, infertility, secondary to ovarian failure 

prior to or around the time of puberty, is common (Modi 
2003). Many individuals with Turner syndrome report infer-
tility as their primary challenge of living with the condition 
(Sutton et al. 2005).

The literature about pregnancy outcomes in Turner syn-
drome is growing (Calanchini et al. 2020; Grewal et al. 
2021). In a review of 276 individuals with Turner syn-
drome, 87.7% did not have children, 9.1% chose to adopt, 
and only 3.2% had experienced pregnancy (Hadnott et al. 
2011). While most individuals with Turner syndrome require 
oocyte donation to become pregnant, recent studies suggest 
that up to 8% of individuals with Turner syndrome can con-
ceive without assisted reproductive technology; these are 
most likely individuals with a mosaic 45,X/46,XX karyotype 
(Bernard et al. 2016; Birkebaek et al. 2002; Bryman et al. 
2011; Hadnott et al. 2011). However, pregnancy has risks to 
both the pregnant individual and fetus, regardless of spon-
taneous conception or use of assistive reproductive tech-
nology. Various factors involving the cardiovascular system 
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during pregnancy and delivery increase the risk for aortic 
dissection or rupture, which can be unpredictable, sudden, 
and life-threatening (Silberbach et al. 2018). The risk of 
aortic dissection or rupture during pregnancy is greater in 
individuals who have hypertension, baseline aortic dilation, 
bicuspid aortic valve, or coarctation of the aorta, which are 
of increased prevalence in the Turner syndrome population 
(Gravholt et al. 2006, 2017, 2019). Other pregnancy-related 
complications associated with Turner syndrome that may 
impact maternal and fetal health include obesity, diabetes, 
thyroid dysfunction, hypertension, and preeclampsia (Calan-
chini et al. 2020; Chevalier et al. 2011; Gravholt et al. 2006, 
2019; Grewal et al. 2021; Mercadal et al. 2011). Pregnan-
cies in individuals with Turner syndrome are also associated 
with increased rates of spontaneous abortion, fetal chromo-
some abnormalities, low birth weight, and prematurity (Ber-
nard et al. 2016; Bodri et al. 2006). Historically, the risk 
of pregnancy complications in Turner syndrome has led to 
recommendations to avoid pregnancy and consider gesta-
tional surrogacy or adoption as alternate routes to parent-
hood. However, recent data suggest risk can be managed by 
careful cardiovascular evaluation before, during, and after 
pregnancy (Calanchini et al. 2020).

Choosing a route to parenthood is a difficult decision that 
includes weighing the low possibility of spontaneous preg-
nancy, potential need for assisted reproductive technology, 
the risks to the individual carrying a pregnancy, and the risks 
to the fetus (Calanchini et al. 2020; Hadnott et al. 2011). At 
the same time, the desire for a biological child or the experi-
ence of pregnancy can be compelling (Sutton et al. 2005). To 
date, there is no literature on the perspectives of individuals 
with Turner syndrome on available paths to parenthood. A 
recent publication on the current state of clinical care and 
research in Turner syndrome (and other sex chromosome 
abnormalities) did not mention parenthood (Gravholt et al. 
2020). The purpose of this study is to obtain self-reported 
information from individuals with Turner syndrome about 
interest in various routes to parenthood and factors that 
influence this decision. This study will provide insight into 
the complexity of parenthood decisions and will serve to 
advance care and better facilitate decision-making surround-
ing routes to parenthood.

Methods

Study design and recruitment

We sought the opinions of English-speaking adults (18 years 
or older) with Turner syndrome using a self-administered 
online survey. The main source of recruitment was a Face-
book post distributed by the Turner Syndrome Society of 
the United States (TSSUS) across several Turner syndrome 

Facebook groups that are independent of TSSUS. The Face-
book groups have international membership, and not all indi-
viduals are also members of TSSUS. In addition, a recruit-
ment advertisement including the link to the survey was 
distributed in the November and December 2020 monthly 
newsletters of TSSUS. Lastly, information about the study 
was shared on Twitter by co-investigators. Enrollment took 
place between November 2020 and January 2021.

Instrumentation

The survey was designed by the research team, including a 
geneticist (AL), two genetic counselors (AC, MS), and two 
genetic counseling students (EF, ES). Survey commentary 
was provided by a 22-year-old woman with Turner syndrome. 
The instrument used novel close- and open-ended questions 
to capture demographic information, self-reported details 
about the participant’s Turner syndrome diagnosis, and expe-
riences with and preferences for various paths to parenthood. 
The survey instrument also included four questions from a 
prior study focusing on the wish to conceive and concerns 
about developing cardiovascular complications during preg-
nancy in individuals with Turner syndrome (van Hagen et al. 
2017). The survey utilized skip logic to determine which 
questions participants were presented with based on their 
parental status and interest in parenthood. Study data were 
collected and managed using REDCap (Research Electronic 
Data Capture), a secure web-based data collection applica-
tion, hosted at Mass General Brigham (Harris et al. 2009, 
2019).

Data analysis

Data were analyzed using R studio (RStudio Team, 2020). 
Spearman Rho analyses were performed to examine strength 
of association between factors influencing approach to par-
enthood, worry for personal health risks associated with 
pregnancy, and interest in routes to parenthood (pregnancy, 
IVF, adoption, surrogacy). Ordinal regression analysis was 
performed to assess effect of participant characteristics on 
interest in routes to parenthood. All reported relationships 
were statistically significant at the 0.05 level.

For questions using a 5-point Likert scale, responses were 
collapsed into 3 subcategories (“strong interest” = very or 
definitely interested, “interest” = slightly interested or inter-
ested, and “no interest” = not interested). Answers of “not 
sure” were excluded from analysis. Responses “very often” 
and “often” were combined in the analysis of frequency of 
worry associated with personal health risks associated with 
pregnancy.

Relationship status was combined for the responses “in a 
relationship” or “married” to indicate partnership, with all 
other responses grouped into “other.” Additionally, age at 
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Turner syndrome diagnosis and age of learning about infer-
tility in Turner syndrome were grouped into under or over 
age of 13 for analysis purposes.

Results

Recruitment results

There were a total of 292 survey responses. Sixty-six 
(22.6%) responses were incomplete and were removed 
from analysis. The 226 participants who completed all the 
questions presented to them in the survey were included in 
the analysis. Participant characteristics are summarized in 
Table 1. Their ages ranged from 18 to 71, with a mean age 
of 34. Most participants self-identified as white (89.4%) and 
female (98.2%). Regarding karyotype, 41.6% of participants 
reported they were not sure; 29.6% reported having 45,X; 
and 11.9% reported having 45,X/46,XX mosaicism.

Successful routes to parenthood

Of the total 226 participants, 58 (25.7%) were parents. Of 
the 58 parents in our sample, 28 (48.3% of parents and 
12.4% of the total cohort) reported carrying a pregnancy, 
27 (46.6% of parents and 11.9% of the total cohort) adopted 
children, and 4 (6.9% of parents and 1.8% of the total cohort) 
reported being stepparents. Of those who personally car-
ried a pregnancy, 75% used IVF. 95.2% of the pregnancies 
achieved by IVF used donor oocytes.

Current parenthood plans among parents 
and prospective parents

Among parents, 11 (19%) reported they were currently try-
ing to expand their family, either by adoption (45.5%) or 
pursuing their own pregnancy (54.5%) (Table 2). Of those 
pursuing pregnancy, 66.7% reported they are pursuing IVF, 
all using donor oocytes.

Of the 168 participants who are not parents (74.3%), 
68.5% expressed a desire to become one, 18.5% were not 
sure, and 13.1% did not want to become a parent. Thirty-
two participants who are not parents (19%) reported they 
are currently pursuing routes to parenthood (“prospective 
parents”); 56.3% of prospective parents are pursuing adop-
tion and 59.4% are pursuing their own pregnancy (Table 2). 
Ten (31.3%) prospective parents were pursuing more than 
one route. Of those pursuing their own pregnancy, 18.2% 
are using IVF and 42.1% of those are using oocyte dona-
tion. Surrogate pregnancy is being pursued by 18.8% of 
prospective parents and most are not using IVF (66.7%). A 
single participant reported using IVF with their own eggs 
for surrogate pregnancy (16.7%). Lastly, a small percentage 

Table 1  Demographic information for surveyed participants

a Because participants could select more than one answer, percentages 
do not add up to 100%

Total 
participants 
(n = 226)

Age (years)
  Mean (SD) 34 (10.18%)
  Range 18–71

Gendera

  Female 222 (98.2%)
  Non-binary 4 (1.77%)
  Decline to answer 1 (0.4%)

Race/ethnicity
  White 202 (89.4%)
  Latinx/Hispanic 11 (4.9%)
  African-American/Black 5 (2.2%)
  Native American/Alaska Native/First Nations 3 (1.3%)
  South Asian 3 (1.3%)
  East/Southeast Asian 1 (0.4%)
  Caribbean 1 (0.4%)

Karyotype
  Not sure 94 (41.6%)
  45,X 67 (29.6%)
  45,X/46,XX 27 (11.9%)
  45,X/46,XY 10 (4.4%)
  45,X,r(X) 9 (4.0%)
  46,X,i(Xq) (mosaic/non-mosaic) 8 (3.5%)
  Other 8 (3.5%)
  45,X/47,XXX 3 (1.3%)

Parental status
  Not a parent 168 (74.3%)
  Parent 58 (25.7%)

Age at diagnosis, years
   < 13 161 (71.2%)
   ≥ 13 65 (28.8%)

Age learned of infertility, years
   < 13 90 (39.8%)
   ≥ 13 100 (44.3%)
  Not sure 36 (15.9%)

Table 2  Currently pursued routes to parenthood, by parental status. 
Participants could select more than one option

Current route to parenthood Parent, expanding 
family (n = 11)

Prospective parent 
(n = 32)

My own pregnancy 6 (54.5%) 19 (59.4%)
A partner’s pregnancy — 1 (3.1%)
A surrogate’s pregnancy — 6 (18.8%)
Adoption 5 (45.5%) 18 (56.3%)
Fostering — 1 (3.1%)
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of prospective parents reported pursuing foster care (3.1%) 
or a partner’s pregnancy (3.1%).

Interest in routes to parenthood

When asked to indicate their level of interest in differ-
ent routes to parenthood, participants were most likely to 
report a strong interest in adoption (63.5%), followed by IVF 
(44.7%) and pregnancy (40.8%). Participants expressed less 
interest in surrogacy (Fig. 1).

Certain participant characteristics influenced the par-
ticipants’ interest in parenthood routes. Participant age was 
inversely related to their interest in routes to parenthood. 
Specifically, for every one-year increase in age, there is 
about a 5% decrease in the odds of reporting interest in preg-
nancy (log(odds) =  − 0.048, SE = 0.015, t =  − 3.242), adop-
tion (log(odds) =  − 0.048, SE = 0.015, t =  − 3.035), and IVF 
(log(odds) =  − 0.05, SE = 0.015, t =  − 3.451). For each year 
increase in age, the odds of reporting interest in surrogacy 
decreased by about 3% (log(odds) =  − 0.03, SE = 0.014; 
t =  − 2.061).

When compared to non-parents, the odds of parents 
reporting interest in certain routes to parenthood was lower 
by (1) 51% for IVF (log(odds) =  − 0.722, SE = 0.296, 
t =  − 2.437); (2) 55% for adoption (log(odds) =  − 0.791, 
SE = 0.325, t =  − 2.435); and (3) 79% for surrogacy 
(log(odds) =  − 1.57, SE = 0.326, t =  − 4.809). Odds 
of reporting interest in adoption lowered by 47% 
(log(odds) =  − 0.63, SE = 0.295, t =  − 2.132) for those mar-
ried or in a relationship.

No other participant characteristics had a significant 
effect on interest in routes to parenthood.

Factors influencing interest in routes to parenthood

Participants reported that many factors influenced their 
approach to parenthood (Fig. 2). The most common factor 
was their age (68.1% of participants), followed by fear for 
their health (61.9%), time required for a route (60.6%), desire 
to carry a pregnancy (58.8%), fear for health of a future child 
(54.9%), and desire for a biological child (52.7%). Addi-
tionally, partner’s interests were a factor for 31.9% of the 
overall cohort and 61.5% of participants in a relationship 
or married.

Association between factors influencing approach 
to parenthood and interest in routes to parenthood

As shown in Table 3, the desire to experience pregnancy and 
the desire to have a biological child were both significantly 
associated with an interest in using pregnancy as a route 
to parenthood (p < 0.001 for both) and an interest in IVF 
(p < 0.0001 and p < 0.0001, respectively). The time required 
for a route was associated with interest in adoption (p < 0.05) 
and surrogacy (p < 0.05).

Fears associated with pregnancy

Approximately one-third of participants reported that 
they are often afraid that pregnancy could have a negative 
influence on their aorta dimension (35.8%), overall health 
(33.6%), and heart (33.2%). However, fear about over-
all health was generally the most prevalent, with 76.5% 
feeling afraid often or sometimes. Only one-quarter to 

Fig. 1  Interest in routes to 
parenthood among parents and 
prospective parents
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one-third of patients were never worried about pregnancy-
related risks to their cardiovascular or overall health. 
Responses are summarized in Fig. 3.

As shown in Table 3, there were significant associations 
between interest in adoption as a route to parenthood and 
fear that pregnancy could have a negative influence on the 

Fig. 2  Factors influenc-
ing approach to parenthood. 
Percentage reflects those who 
responded yes to whether 
the factor is influencing their 
approach

Table 3  Factors associated with 
interest in routes to parenthood. 
Significant associations between 
factors influencing approach 
to parenthood and interest in 
routes to parenthood

Route of interest Associated factor rs p-value

Adoption Fear pregnancy could have a negative 
influence on my:

Aorta 0.2012  < 0.01
Heart 0.1484  < 0.05

Fear for my health 0.1402  < 0.05
Fear for health of a future child 0.1607  < 0.05
Time required for a route 0.1769  < 0.05

Pregnancy Desire to carry a pregnancy 0.5712  < 0.0001
Desire for a biological child 0.3899  < 0.0001

IVF Desire to carry a pregnancy 0.4889  < 0.0001
Desire for a biological child 0.2402  < 0.0001

Surrogacy Time required for a route 0.1769  < 0.05

Fig. 3  Fears associated with 
pregnancy. Participants were 
asked how often they have felt 
afraid pregnancy could have 
a negative influence on their 
health, heart, aorta, or mental 
health
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aorta (p < 0.01) or heart (p < 0.05). Interest in adoption 
was also associated with fear for overall personal health 
(p < 0.05) and fear for health of a future child (p < 0.05).

Individuals born with a congenital heart defect had 1.9 
times higher odds (compared to those born without a con-
genital heart defect) of feeling afraid that pregnancy could 
have a negative influence on their heart (log(odds) = 0.63, 
SE = 0.289, t = 2.198) and had twice as high odds of 
reporting feeling afraid about their aorta (log(odds) = 0.7, 
SE = 0.292, t = 2.393).

Discussions about parenthood

Participants most often discussed their approach to parent-
hood with a friend (70.8%), followed by a parent or guard-
ian (64.8%), or a partner (54.9%). Only a minority (7.1%) 
reported discussing with no one (Table 4).

Eighty-two participants (36.3%) reported discussing 
parenthood with a medical provider, most commonly an 
endocrinologist (25.7%), followed by a primary care doc-
tor (19.9%), obstetrician (15.0%), cardiologist (14.2%), and 
geneticist (6.2%).

Speaking with a cardiologist had no significant effect on 
interest in routes to parenthood or fears about pregnancy-
associated health risks. Speaking with a medical provider 
had no significant effect on interest in routes to parenthood, 
but did demonstrate a significant effect on the odds of report-
ing feeling afraid pregnancy could have a negative influence 

on their heart. Specifically, those who spoke with a medical 
provider (compared to those who did not) had (1) twice as 
high odds of being afraid of a negative influence on their 
heart (log(odds) = 0.72, SE = 0.261, t = 2.737); (2) 1.7 times 
higher odds of being afraid of a negative influence on their 
aorta (log(odds) = 0.55, SE = 0.259, t = 2.122); and (3) 2.1 
times higher odds of being afraid of negative effects on their 
health overall (log(odds) = 0.73, SE = 0.260, t = 2.806).

Discussion

In our study, we investigated the attitudes towards parent-
hood in a cohort of 226 individuals with Turner syndrome 
ascertained through an advocacy organization and independ-
ent Facebook groups. The findings demonstrated a strong 
interest in parenthood in the Turner syndrome community. 
Approximately 25% of our cohort were already parents, and 
among those who are not parents, 68.5% expressed a desire 
to be a parent and 15.8% were unsure. While different paths 
to parenthood were experienced or desired by participants, 
adoption was the approach most favored by those who are 
interested in becoming a parent. Many factors played a role 
in decisions about parenthood, including participant age, 
time required for a route to parenthood, health-related preg-
nancy risks, risks to future children, and desire to experience 
pregnancy or have a biological child.

In our cohort, the rates of pregnancy and adoption were 
similar among parents, but adoption was the approach most 
favored by those who are interested in becoming a parent. 
Interest in adoption correlated with a fear that pregnancy 
could have a negative influence on their heart and aorta and 
62% of the cohort reported that fear for their health was a 
factor influencing their approach to parenthood. Compared 
to a previous study by van Hagen et al. (2017) on concerns 
related to cardiovascular complications during pregnancy, 
our participants were more worried about pregnancy-related 
cardiovascular risks (71% vs 58%). These results emphasize 
the importance of patient-provider communication about 
individualized risk for poor pregnancy outcomes (Gravholt 
et al. 2017). Furthermore, despite strong interest in adoption, 
only 11.9% of the overall cohort had successfully adopted 
and 19.3% were currently pursuing adoption. While not 
explored in the current study, there may be obstacles to 
adoption that could be mitigated with additional supports.

It seemed inconsistent that those who cited the amount 
of time required for a route to parenthood influenced their 
approach were more likely to have an interest in adoption 
or surrogacy. This may reflect a knowledge gap about the 
time required for adoption or surrogacy. Additionally, inter-
est in IVF and surrogacy demonstrated a statistically sig-
nificant association. This may potentially be due to a desire 

Table 4  Individuals with whom the participants discussed their 
approach to parenthood. Other = Turner syndrome social media 
groups and coworkers

Total 
participants 
(n = 226)

Person
  Friend 160 (70.8%)
  Parent or guardian 145 (64.2%)
  Partner 124 (54.9%)
  Sibling 84 (37.2%)
  Medical provider 82 (36.3%)
  Mental health professional 46 (20.4%)
  No one 16 (7.1%)
  Religious leader 12 (5.3%)
  Teacher 6 (2.7%)
  Other 6 (2.7%)

Medical provider
  Endocrinologist 58 (25.7%)
  Primary care doctor 45 (19.9%)
  Obstetrician 34 (15.0%)
  Cardiologist 32 (14.2%)
  Geneticist 14 (6.2%)
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to use one’s own oocytes and have a surrogate to carry the 
pregnancy.

Similar interest levels in pregnancy and IVF may be 
reflective of participant knowledge that IVF may be nec-
essary for conception in this population given high rates 
of ovarian failure (Modi 2003). A desire to experience 
pregnancy and to have a biological child both had a sig-
nification association with interest in pregnancy. Overall, 
53% of participants reported that a desire for a biological 
child was influencing their approach to parenthood and 
59% desired carrying a pregnancy. As ovarian tissue and 
oocyte cryopreservation technology advances for those 
with Turner syndrome, fulfilling this desire for a biological 
child may become more feasible (Gravholt et al. 2019; Jeve 
et al. 2019; Kristensen and Andersen 2018). With monitor-
ing and care from an interdisciplinary team, pregnancy may 
be as well (Calanchini et al. 2020; Donadille et al. 2019). 
Compared with a similarly sized cohort reported by Hadnott 
et al. (2011), our cohort included nearly four times (12.4% 
vs 3.2%) more individuals who had experienced pregnancy, 
which could be due to sampling bias and/or reflect changes 
in practice and advancements in the multidisciplinary care 
of these individuals over the past decade.

Participants most often discussed parenthood with friends 
and parents or guardians. Only about one-third of partici-
pants reported discussing their approach to parenthood with 
a medical provider, most often an endocrinologist. Speaking 
with a medical provider was significantly correlated with 
fear that pregnancy could have a negative influence on the 
heart or aorta. These findings highlight not only the need for 
education for and by providers, but also the important role 
that family and friends play in the decision-making process.

Future research

Future research directions may include a study of barriers to 
the adoption process for those with Turner syndrome given 
the strong interest within this cohort and disproportionately 
low rates of adoption. Exploration of the impact of finan-
cial barriers on attitudes towards routes to parenthood may 
also be informative. Informational resources about adoption 
targeted towards individuals with Turner syndrome may be 
appropriate. Future research into interest in oocyte cryo-
preservation in an adolescent population will have utility 
as these options become more readily available (Jeve et al. 
2019; Kristensen and Andersen 2018; Oktay et al. 2016).

Limitations

The study cohort was relatively homogenous and there-
fore may not be generalizable to a more racially and eth-
nically diverse population with Turner syndrome. We 

recruited a sample of convenience through a patient advo-
cacy organization and Turner syndrome Facebook groups 
which may lead to sampling bias. Clinical information 
obtained for this study was self-reported and not verified 
by review of medical records. Many participants could not 
recall or did not know their karyotype, limiting our ability 
to analyze results by karyotype. Lastly, it is possible that 
survey responses were influenced by the introduction of 
topics in the survey questions themselves and may not 
reflect previously held perspectives.

Conclusion

In summary, members of the Turner syndrome community 
have a strong interest in parenthood and consider multi-
ple paths to achieve that goal. Individuals weigh many 
factors when considering options for parenthood includ-
ing age, time demands, and the potential for poor health 
and pregnancy outcomes. A greater understanding of a 
patient’s attitudes towards parenthood will assist providers 
in counseling and facilitating informed decision-making 
surrounding options for parenthood.
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