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Abstract
Purpose To better understand the needs and experiences of the X-linked carrier community to improve future recognition,
diagnosis, and treatment by bringing X-linked carrier voices together.
Methods An anonymous survey link was distributed to members of Remember the Girls, a non-profit organization for female
(XX) carriers of X-linked conditions, through its website, Facebook group, Instagram, and Twitter. The survey was developed to
gather data on XX carriers of numerous X-linked conditions.
Results One hundred and fifty individuals participated in the study. The majority (81/150) of individuals learned about their
carrier status by giving birth to a son diagnosed with an X-linked condition. However, over 80% (120/145) believed that they
should learn this information before the age of 18. Over 80% of participants (124/148) felt that they either have or may have
symptoms attributable to their X-linked condition. Yet, only 10.1% (15/148) felt that they had sufficient access to knowledgeable
healthcare providers and/or medical information. Additionally, 46.7% (70/150) of participants reported that healthcare providers
did not discuss reproductive options with them. Improving carrier access to medical information, research studies, new treat-
ments, and reproductive methods was found to be the top priority.
Conclusion Limited information exists on X-linked carriers’ risk for symptoms and there is a lack of available treatments. This
study demonstrates the need for more knowledgeable healthcare providers and medical information within the X-linked carrier
community.
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Introduction

While the majority of genetic conditions are caused by chang-
es or variations in the 22 autosomes, more than 100 genetic
conditions can be attributed to changes in the X and Y chro-
mosomes commonly referred to as the sex chromosomes. Of

the disorders related to the sex chromosomes, the majority are
X-linked, caused by changes in genes on the X chromosome.

A person carrying one X chromosome and one Y chromo-
some will typically display the phenotype of the X-linked
condition, whereas a person with two X chromosomes typi-
cally does not. XX individuals heterozygous for X-linked con-
ditions are generally considered to be carriers and are thought
to be unaffected or mildly affected [1, 2]. Since XX individ-
uals have two copies of the X chromosome, it is generally
believed that the copy with the pathogenic variant tends to
be randomly inactivated, while the second copy masks the
effect of the pathogenic variant [3]. This process, known as
X-inactivation, ensures that genes on the X chromosome are
expressed at similar levels in XY and XX individuals [4].
However, when there is skewed or unequal distribution of
the X chromosome that is inactivated, carriers may express
symptoms and present with a wide spectrum of clinical man-
ifestations that can range between undetectable/mild and se-
vere [5–7].

Historically, carriers of both autosomal recessive and
X-linked conditions were commonly believed to be
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asymptomatic. However, as genetic testing and population
screening evolve, research has shown that carriers can be at
risk for symptoms [2], underscoring the importance of com-
municating information and potential risks to individuals
identified as carriers. Many medical providers have limited
knowledge about the possible symptoms and risks associated
with being a carrier, especially of X-linked conditions [8].
This may be attributed to the limited number of studies that
address the different phenotypes, disease onset, and progres-
sion in XX carriers compared to affected XY individuals [9].
As a result, carriers are often underdiagnosed and have limited
access to information regarding how to handle or find a treat-
ment for symptoms. Additionally, carriers are typically not
included in clinical trials [10].

Carriers of X-linked conditions often only find out about
their carrier status when learning that a XY relative such as a
father, brother, uncle, or nephew is affected with a condition
or when a XY child is diagnosed. The diagnosis of X-linked
adrenoleukodystrophy (X-ALD) in women is rarely made
without an affected XY relative, and many symptomatic XX
carriers are misdiagnosed until a family history is determined
[1]. Carriers of many X-linked conditions, who are often un-
aware of their carrier status, may experience symptoms and/or
complications that warrant medical management. For exam-
ple, carriers of Duchenne or Becker muscular dystrophy
(DMD/BMD) and Fabry disease are at an increased risk for
cardiomyopathy and may want to consider routine echocar-
diograms [5, 11–13]. Knowledge of one’s carrier status for an
X-linked condition may impact future reproductive planning;
therefore, it is imperative that individuals be provided with
counseling regarding the specific X-linked condition, risk to
carriers, and reproductive options available. For example, XX
premutation carriers of fragile X syndrome have an increased
risk for primary ovarian insufficiency and may want to con-
sider embryo and/or oocyte cryopreservation to preserve fer-
tility. Many carriers of fragile X syndrome do not even know
of their carrier status until they start having fertility issues, at
which time it can be difficult or impossible to begin banking
oocytes/embryos [14, 15].

Carriers of more severe X-linked conditions have been
found to want to avoid having an affected child. Conditions
like Lesch-Nyhan syndrome and Menkes disease are associ-
ated with progressive disability during childhood that leads to
death by early adulthood [16]. As there is a 50% chance of
passing the pathogenic variant to a future child for most
X-linked conditions, XX individuals may consider alternative
reproductive options such as in vitro fertilization with preim-
plantation genetic testing (IVF with PGT), use of donor eggs,
adoption, and/or diagnostic testing during pregnancy such as
chorionic villus sampling/amniocentesis. However, carriers
often receive judgment for choosing options such as prenatal
diagnostic testing or IVF with PGT since it can be viewed as
unethical by some individuals [17]. This can add to the

difficulty of the decision-making process for XX carriers.
Some carriers, on the other hand, choose to not have more
biological children after learning about their carrier status.

While studies focusing on specific X-linked conditions ex-
ist, there are no studies that explore the needs of the X-linked
carrier community. In 2019, a survey was conducted by
Remember the Girls, a non-profit organization that aims to
unite, educate, and empower XX carriers of X-linked condi-
tions. This survey found that 70% of X-linked carriers felt that
they either had or likely had physical symptoms attributable to
their condition, but only 9% felt that they had sufficient access
to medical information concerning those symptoms.
Additionally, 85% wanted to know about their carrier status
before the age of 18 (Remember the Girls, 2019). While this
initial survey was not published, it highlighted the importance
of exploring this topic on a larger scale. By bringing many
carrier voices together, the goal of this study was to better
understand the needs and experiences of the X-linked carrier
community to improve future recognition, diagnosis, and
treatment.

Methods

Participants

Participants were recruited through Remember the Girls. The
organization has over 800 members, and after a recent out-
reach campaign, most members of specific X-linked condition
groups are now also members of Remember the Girls. While
only members of Remember the Girls were targeted for this
study, a snowball sampling method was utilized to identify
other potential participants (Fig. 1).

In order to be eligible for the study, participants were re-
quired to be over the age of 18, XX, living in the USA, and
able to read English. Individuals not fitting these parameters
were excluded. Participants were also asked to select the con-
dition for which they are a carrier. The main author (JC)
reviewed the text entries for all participants who selected
“Other” once the survey was closed to confirm that they were
carriers of X-linked conditions. Their carrier status was
self-reported and not confirmed by laboratory tests.

Procedures

The anonymous online survey was distributed to members of
Remember the Girls through their website, Facebook group,
Twitter, and Instagram. In the invitation to take the survey,
participants were asked to share the survey with other eligible
family members or members of their individual X-linked
groups. Participants provided consent by agreeing to the first
page of the study. A disclaimer was included on the consent
form noting that the survey had been distributed to multiple
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groups and asked participants to only complete the survey
once.

The survey was open for a total of 10 weeks beginning on
October 10, 2020. Participants who completed the survey
were offered a chance to win one of 20 $25 Visa gift cards
as an incentive. Contact information for the raffle was collect-
ed in a separate form unlinked to their responses.

Instrumentation

A 31-question quantitative survey (Online Resource 1) was
developed to gather data on the experiences and needs of XX
carriers of numerous X-linked conditions. The survey drew

from the initial survey conducted by Remember the Girls
and was modified to address the objectives of this study.
Survey data was collected through the Qualtrics web applica-
tion and included multiple choice, Likert scale, and free re-
sponse questions. Questions addressed X-linked carriers’ ex-
periences with carrier identification, access to medical infor-
mation such as potential symptoms and/or risks associated
with being a carrier, reproductive plans, preferences for repro-
ductive options, and priority of needs. Demographic data such
as gender identity, age, ethnicity, religion, education level,
employment status, marital status, and household income
were included at the end of the survey. The survey took ap-
proximately 10 minutes on average to complete.

Fig. 1 Patient recruitment
process. *The survey invitation
asked participants to share the
survey with other X-linked car-
riers and their network
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IRB approval

This study was submitted to the Northwestern University IRB
and was deemed exempt (IRB ID no. STU00213427).

Data analysis

Data analysis was completed using IBM SPSS Statistics
(Version 26). Question-specific response rates varied since
all questions other than the inclusion criteria questions were
voluntary and skip-logic was used. All data was analyzed
regardless of the total number of responses for each question.
Descriptive statistics were computed for all numerical vari-
ables. Chi-square statistics or Fisher’s exact test was used to
compare categorical variables, and p-values (p < 0.05) were
used to determine if the associations, if any, between re-
sponses were statistically significant. Inferential statistics were
used to deduce what the broader X-linked carrier community
might think about their needs and experiences.

The responses from the open-ended survey question were
analyzed as follows: a master list of codes was developed by
JC and themes and subthemes were created. An initial analysis
was then completed by JC and co-author LP and then
reviewed for consistency. Direct quotes from the open-ended
survey question were selected to illustrate participants’ expe-
riences (see Online Resource 2).

Results

Demographics

A total of 179 individuals participated in the study.
Twenty-nine responses were excluded because they did not
meet the inclusion criteria, which left 150 responses to be
analyzed. Online Resource 3 includes the detailed demo-
graphic features of the participants. The majority of partici-
pants were between 30 and 50 years of age (65.8%, n = 96/
146), White (non-Hispanic/Latinx) (89.1%, n = 131/147), and
have a bachelor’s degree or higher (59.9%, n = 88/147). Of
note, 100% (n = 147) identified as female. Twenty-one
X-linked conditions were represented, with 46.3% (n = 69/
149) of participants being carriers of X-ALD (Table 1).

Experience with carrier identification

The mean age at which participants learned about their carrier
status was 29 years (Fig. 1a). Only 16% (n = 24/150) of par-
ticipants learned this information before the age of 18.
However, the mean age at which participants believed that
carriers should be told was 11 years (Fig. 2a). Over 80% (n
= 120/145) of participants believe that they should be told
before the age of 18. One participant stated, “I may not have

fully understood my carrier status when I was 11, however, it
did allow me to make informed decisions about future
reproduction.”Most participants (54.0%, n = 81/150) initially
learned about their carrier status by giving birth to a son diag-
nosed with an X-linked condition (Fig. 2b).

Access to medical information regarding symptoms
and treatments

Over 80% of participants (n = 124/149) felt that they either
have symptoms or may have symptoms attributable to their
X-linked condition (Table 2). In order to assess participants’
awareness regarding risk for symptoms, the X-linked condi-
tions that were represented in this study were categorized into
two groups: known symptoms in the carrier population and no
known symptoms in the carrier population. Nearly all of those
in the “no symptom” group were not aware of a risk to expe-
rience symptoms (Table 3). There were only 20.8% (n = 5/24)
of participants in the “no symptom” group that felt they expe-
rienced symptoms. However, among the “symptom” group,
we see that less than half of the cohort (48.8% n = 61/125) was
aware that they could be at risk for symptoms but over 65% (n
= 82/125) reported being symptomatic. The awareness level
between the “symptom” group and “no symptom” group was
found to be statistically significant (Fisher’s exact, p < 0.001).

Table 1 List of X-linked conditions represented

Conditions represented n = 149

Aarskog syndrome 2 (1.3%)

Adrenoleukodystrophy 69 (46.3%)

Alport syndrome 4 (2.7%)

Barth syndrome 2 (1.3%)

Blue cone monochromacy 11 (7.4%)

Choroideremia 1 (0.7%)

Chronic granulomatous disease 10 (6.7%)

Conradi Hunermann 1 (0.7%)

Duchenne/Becker muscular dystrophy 9 (6.0%)

Fragile X syndrome (premutation carrier) 5 (3.4%)

Hemophilia A/B 6 (4.0%)

Kennedy’s disease 4 (2.7%)

L1 syndrome 2 (1.3%)

Lesch-Nyhan syndrome 3 (2.0%)

MECP2-related disorders 5 (3.4%)

Myotubular myopathy 5 (3.4%)

Ornithine transcarbamylase deficiency 2 (1.3%)

X-linked chondrodysplasia punctata type 1 1 (0.7%)

X-linked hypophosphatemia 1 (0.7%)

X-linked ichthyosis 5 (3.4%)

X-linked severe combined immunodeficiency 1 (0.7%)
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Similarly, the X-linked conditions represented in this study
were recategorized into two groups: known treatment for car-
riers and no known treatment for carriers to assess partici-
pants’ awareness of any medications, treatments, or therapies
for their symptoms. Among the “no treatment” group, partic-
ipants were generally not at all aware of any available treat-
ments (69.8%, n = 30/43) (Table 4). Among the “treatment”

group, there is more variability in the responses with the most
participants somewhat aware to not at all aware (70.8%, n =
75/106). The awareness level between these two groups was
found to be statistically significant (p < 0.001).

Only 10.1% (n = 15/148) of participants felt that they had
sufficient access to knowledgeable healthcare providers and/

Fig. 2 Experiences with carrier
identification. a) The age at which
carriers learned that they were a
carrier of an X-linked condition in
comparison to the age at which
they believe individuals should be
told they are carriers. b) How
carriers initially learned about
their carrier status

Table 2 Access to medical information regarding symptoms and
treatments. Participants’ experience of symptoms attributable to their X-
linked condition

Yes No Maybe Total

“Symptom” group 82 16 27 125

“No symptom” group 5 9 10 24

Total 87 25 37 149

Table 3 Access to medical information regarding symptoms and
treatments. Awareness of risk when participants first learned of their
carrier status

Yes No Total

“Symptom” group 61 64 125

“No symptom” group 2 22 24

Total 63 86 149

*p < 0.001

2761J Assist Reprod Genet (2021) 38:2757–2767



or medical information concerning possible symptoms and/or
risks associated with being a carrier. Several participants
expressed that, “Many doctors have not believed me that car-
riers can have symptoms, the severity of symptoms, or that I
could have symptoms at a younger age.”

Reproductive plans and preferences for reproductive
options

Participants reported that their healthcare providers did not
discuss reproductive options with 46.7% (n = 70/150) of them
(Figure 3a). For those who indicated their reproductive op-
tions were discussed, prenatal diagnostic testing was
discussed the most often (75.0%, n = 60/80), followed by
IVF with PGT (68.8%, n = 55/80). Using an oocyte donor
was discussed the least often (26.3%, n = 21/80). When ana-
lyzing preferred reproductive options when cost is not a bar-
rier, the majority (61.7% n = 71/115) indicated they would
prefer IVF with PGT (Figure 3b). Over 22% (n = 34/149)
would not choose an alternative reproductive option. One par-
ticipant stated, “I wish for more understanding and knowl-
edgeable doctors and counselors about options, and not dis-
couragement about having naturally and taking a chance as
well.”

Needs of the X-linked carrier community

In order to assess the needs of the X-linked carrier community,
participants were provided with statements and asked how
important each statement was to them. The statement that
was most commonly seen as “Very Important” was
“Improving carrier access to medical information, research
studies, new treatments, and reproductive methods,” (85.1%,
n = 126/148) (Figure 4). Other commonly selected statements
include “Ensuring that all potential carriers have access to
affordable genetic testing to determine or confirm carrier sta-
tus,” (84.1%, n = 122/145) and “Mobilizing the medical com-
munity to perform studies and develop clinical trials for XX
carriers to help identify treatments/cure” (82.2%, n = 120/
146).

In order to delineate how early knowledge of carrier
status impacted decision-making, participants were

asked to select various statements describing what ac-
tion they would have taken with early identification
compared to the action they ended up taking once they
were actually identified as a carrier. The most common-
ly selected statements for when participants had early
knowledge were “I would have been able to advocate
for myself more” (45.9%, n = 68/148), “I would have
looked for more information/support groups” (44.6%, n
= 66/148), and “I would have considered an alternative
reproductive option” (44.6%, n = 66/148) (Figure 4).
When describing how learning information about their
carrier status impacted them, the most commonly select-
ed statements were “I looked for more information/
support groups” (64.2%, n = 95/148), “I was able to
or plan to inform my other family members about their
risks” (62.8%, n = 93/148), and “I know that the symp-
toms I am experiencing are due to my carrier status”
(54.1%, n = 80/148) (Figure 5). The statements “I
would have considered an alternative reproductive op-
tion,” “I would have had my children undergo genetic
testing at birth,” “I would have chosen not to have
children,” and “I would have known that there were
associated symptoms with my carrier status and sought
out medical evaluation” describe what they would have
done differently. Three of those four statements demon-
strate that participants would have made changes to
their family planning if they had known about their
carrier status earlier.

Discussion

This study is the first to bring together carrier voices
aimed to better understand the experiences and perspec-
tives of the X-linked carrier community. It establishes
that there is a need for more information on X-linked
carriers and better access to knowledgeable healthcare
providers, research studies, clinical trials, treatments,
and alternative reproductive methods.

While historically it was thought that carriers were
asymptomatic, the majority of participants in this study
experienced symptoms they felt were attributable to

Table 4 Awareness of
medications/treatments/therapies
for symptoms experienced by
carriers of the participant’s X-
linked condition

Extremely
aware

Moderately
aware

Somewhat
aware

Slightly
aware

Not at all
aware

Total

“Treatment”
group

17 14 20 19 36 106

“No treatment”
group

1 4 3 5 30 43

Total 18 18 23 24 66 149

*p < 0.001
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Fig. 3 Reproductive options. a)
Participants reported that these
options were discussed by their
healthcare provider. b)
Participants preferred these
options if cost or insurance were
not a barrier. *Participants could
select all that apply

Fig. 4 Priority of needs among
X-linked carriers. Participants
were asked to select how impor-
tant certain statements were relat-
ed to their X-linked disease.
*Participants were provided the
following options: Very
Important, Important, Moderately
Important, Slightly Important,
and Not Important
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their X-linked condition. While they may still be viewed
as asymptomatic by medical providers, this is a reflec-
tion of the patient experience and the limited informa-
tion available regarding symptoms associated with being
a carrier for an X-linked condition. However, most were
not aware that they could be at risk for symptoms when
they first learned about their carrier status. This suggests
that X-linked carriers are not consistently or thoroughly
counseled on their risk for symptoms. As all of these
conditions are classified as rare disorders, access to spe-
cialty clinics or knowledgeable providers are not readily
available to all and could impact patient awareness
levels. Even once X-linked carriers find out that their
symptoms are attributable to their carrier status, they
find it difficult to find a healthcare provider who under-
stands their risks and is able to provide the care that is
needed, indicating a lack of providers who are knowl-
edgeable on X-linked conditions and the potential symp-
toms associated with them. This may be because
practice-based guidelines [18] are not available for ev-
ery X-linked condition so providers do not know how
to counsel patients about the risk for symptoms and the
availability of treatments.

Of all the X-linked conditions that were represented in this
study, only DMD/BMD, Fabry disease, and fragile X syn-
drome have professional guidelines. In order for more guide-
lines to be created, additional research studies and clinical
trials on X-linked carriers are needed. Critically, this is a need
that the X-linked carrier community recognizes. On top of
creating more guidelines for how to treat the carrier popula-
tion, it is important for healthcare providers to counsel carriers
on communicating with their extended families about the risks
and heredity patterns of the X-linked condition they are affect-
ed by. Many studies show that carriers do not disclose to their
families for numerous reasons, indicating that it is critical they

are advised of the importance of and ways to initiate these
conversations [19]. Additionally, as we learn more about the
risks associated with individuals who are heterozygotes, cur-
rently referred to as “carriers” for these X-linked conditions,
we also need to consider re-evaluating the language and ter-
minology that is being used as carrier is not the most appro-
priate term for these individuals.

Another barrier faced by the X-linked carrier commu-
nity is that they often do not know about their carrier
status until they have an affected son. While most par-
ticipants found out about their carrier status in early to
middle adulthood, they felt that carriers should learn
about their carrier risk by middle adolescence. These
findings are consistent with previous research studies
on when X-linked carriers are made aware of their car-
rier risk and when they would be able to cope with the
result [20]. Knowing this information ahead of time by
having access to affordable testing allows carriers to
make informed reproductive decisions [17]. Participants
agree that if they had found out about their carrier sta-
tus earlier, they would have had reproductive options
that were not available to them previously. The 2015
expanded carrier screening joint statement states that
“the goal of preconception and prenatal carrier screening
is to provide couples with information to optimize preg-
nancy outcomes based on their personal values and
preferences” [21]. However, if X-linked carriers want
information about their carrier status but do not current-
ly have an avenue to receive this information, it raises
questions about whether we are accomplishing this goal
and providing appropriate healthcare to patients.
Furthermore, most genetic testing laboratories in the
US currently do not test minors unless they are preg-
nant due to ethical concerns about patient autonomy
[22]. While carrier screening focuses on reproductive

Fig. 5 How information about X-
linked carrier status would have
been used if it was known earlier
in comparison to the impact of
learning information about carrier
status
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risks, X-linked carriers have a risk to develop symp-
toms. For this reason, it may be appropriate to develop
a system in which a gene panel of X-linked conditions
be offered at primary care offices during routine visits
for XX individuals between ages 11 and 18 years.

Some X-linked conditions such as Alport syndrome and
Ornithine transcarbamylase deficiency have childhood onset
symptoms for XX carriers [23, 24]. This raises the question of
whether XX individuals with a known family history of an
X-linked condition should have the option to get genetic test-
ing at a younger age. However, more information is needed on
whether and how genetic testing could change the manage-
ment of symptoms for X-linked carriers in order to change the
testing guidelines and allow patients to be tested before the
age of 18 [25]. Additionally, over the years, the types of con-
ditions included on newborn screening programs have ex-
panded to include certain X-linked conditions such as
X-ALD and DMD [26]. At the moment, results are generally
only returned for affected XY individuals but not XX carriers.
As more and more research shows that these X-linked carriers
can be symptomatic themselves, additional consideration and
evaluation should be given to returning results for them as
well.

Most participants reported that a healthcare provider had
not discussed any alternative reproductive options with them.
Those who did have an alternative reproductive option
discussed were told about prenatal diagnostic testing the most
often, which was the second to least preferred option. This
highlights the need for healthcare providers to discuss all
available options to carriers, including natural conception
[3]. When given the option to choose any alternative repro-
ductive option, the vast majority of participants chose IVF
with PGT. Unfortunately, cost for these services is a barrier
for most individuals and cost plays a vital role in the
decision-making process. Many insurance companies will fi-
nancially cover or reimburse IVF for infertile couples but will
not solely for X-linked carriers [27]. Interestingly, using an
oocyte donor was the least preferred alternative repro-
ductive option by participants even though using an
oocyte donor is one way to almost guarantee not pass-
ing down an X-linked condition, assuming the oocyte
donor had negative expanded carrier screening including
the specific X-linked condition. While participants did
not cite specific reasons for not wanting to use an oo-
cyte donor, previous studies indicate that the absent ge-
netic connection varies in significance between mothers.
Many women reported the child felt like theirs, while
others struggled with the idea that their child was not
genetically related to them [28].

The study was limited by a survey that was not validated
and a small sample size. While this study was the first
IRB-approved study to our knowledge that examined the

experiences of the X-linked carrier community and brought
together many voices of the X-linked carrier community, it is
not generalizable. In addition, this study surveyed a targeted
population—members of an advocacy group. Many individ-
uals in advocacy groups have an affected child or are symp-
tomatic themselves. This may have skewed the data to-
wards those who are more information-seeking. The co-
hort was also skewed towards the X-ALD carrier com-
munity as the founder of Remember the Girls is an
X-ALD carrier. The use of the snowball sampling meth-
od may have led to the overrepresentation of this group.
In addition, our sample consisted of primarily White
individuals which is not representative of the experi-
ences of the whole X-linked carrier community.

Future areas of study include exploring the experi-
ence of X-linked carriers of more diverse backgrounds
and those living outside of the US. Experiences may be
different for individuals living in other countries since
their healthcare system, systems of support, and regula-
tions surrounding genetic testing may differ. It was not
possible to determine whether the experiences and needs
of X-linked carriers were truly the same from one
X-linked condition group to the other. Additional explo-
ration to examine possible differences between various
X-linked groups is also important. Future studies should
expand upon these findings by increasing the cohort
size and reaching out to targeted groups that have
symptoms and targeted groups that do not have symp-
toms to see how their experiences may differ. Another
future area of study involves a longitudinal project in
which teens are offered a gene panel consisting of
X-linked conditions. Subjects’ attitudes and reproductive
actions could be studied and assessed over time.

Conclusion

This study begins to describe the experience of the X-linked
carrier community. Currently, there is limited information
available on their risk for symptoms and the availability of
treatments, and there is a need for more knowledgeable
healthcare providers and medical information. This
study suggests that healthcare providers should inform
XX carriers that they could be at risk for symptoms, be
receptive to patients who express having symptoms, and
recommend them to the necessary specialists. Healthcare
providers should also present all available reproductive
options to X-linked carriers regardless of cost/insurance
coverage. In order to make these changes, there needs
to be guidelines and education so that healthcare pro-
viders can be informed.
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