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WOMEN'S ISSUES IN FRAGILE X SPECTRUM DISORDERS

Mothers and grandmothers of children with fragile X syndrome (FXS) are confronted with many
issues that impact their children, their own health, and the extended family’s health. Raising a child
with FXS can be very stressful and the fragile X premutation influences the body’s response to stress.
Women with a premutation are at risk for unique health conditions that are not associated with
carrying a full mutation. They have a high risk for fragile X-associated primary ovarian insufficiency
(FXPOI) and a variety of health problems including thyroid disease, fibromyalgia, chronic fatigue,
hypertension, anxiety, and depression. In addition, genetic counseling will lay out the options of
future reproduction and in vitro fertilization (IVF) in a way to ensure a desired pregnancy. Hormonal
replacement therapy and the diagnosis of FXPOI will be reviewed in detail. Various interventions to
stay healthy in aging will be reviewed.

MATERNAL STRESS AND STRESS CORRELATES

Caring for a child with intellectual and developmental disabilities (IDD), such as FXS, can lead to
higher levels of maternal stress compared to those experienced by mothers of typically developing
children due to the unique psychosocial, financial, and physical challenges (Abbeduto et al. 2004;
Bailey et al. 2008b; Smith et al. 2010). Elevated maternal stress can lead to maladaptive outcomes,
such as decreased maternal quality of life, elevated rates of depression and anxiety, and impaired
social functioning (Sarimski 1997; Franke et al. 1998; Rodriguez-Revenga et al. 2008; Bailey et al.
2008b; Roberts et al. 2009; Lovell et al. 2012). Thus, recent research focused on premutation (PM)-
associated outcomes, such as increased rates of mental health issues, has aimed to discern the dual
contributions of the genetic vulnerability inherent to carrying a PM allele and exposure to elevated
maternal stress.

Prior studies have indicated that the biggest predictor of maternal well-being and caregiver burden
among mothers of children with FXS is related to child behavior problems (Bailey et al. 2008b; Bailey
etal. 2012). Specifically, results from a national parent survey indicate that child behavior problems sig-
nificantly contributed to parental stress, symptoms of depression and anxiety, and quality of life (Seltzer
et al. 2010). Blunted cortisol responses have been reported among mothers of children with IDD, with
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severity of child behavior the day before predicting cortisol responsivity, indicating a dysregulation of the
neuroendocrine response to maternal stress. The presence of non-maternal stress (e.g. work stress) has
also been found to predict cortisol awakening responses among mothers of children with FXS or autism
spectrum disorder (ASD), but not among mothers of children without an intellectual or developmental
disability (Wong et al. 2014). These results indicate that women experiencing elevated maternal stress are
at risk of altered cortisol reactivity and are more susceptible to the impact of stress in general.

However, some studies indicate a genetic vulnerability to stress conferred by carrying a PM. Hartley
et al. (2012) reported that women with a lower X inactivation ratio (i.e. a lower percentage of cells with
the normal X chromosome active compared to the X chromosome with the PM allele) had lower levels
of cortisol on mornings following days when their child manifested more episodes of behavior problems
compared to mothers with higher X inactivation ratios. Seltzer et al. (2012) reported higher rates of
anxiety and depression and a more blunted cortisol awakening response in mothers of a child with FXS
who had experienced a stressful life event the year before, with women carrying premutation alleles in
the mid-range being the most at risk compared to those with higher or lower-sized PM repeats. This
unusual non-linear association with repeat size has also been found with FXPOI (Sullivan et al. 2005;
Allen et al. 2007).

Hunter et al. (2012) reported among mothers of children with FXS a subset was at increased
risk of social anxiety with this risk based on the genotype for a major regulator of cortisol reac-
tivity, corticotrophin releasing hormone receptor 1 (CRHR1). These results indicate an impact of
genetic variability on cortisol reactivity beyond carrying a PM. These findings were significant as an
increased risk of social anxiety may limit a woman’s ability to seek help and establish robust social
support systems, two factors important to the mental health outcomes of mothers of children with
EXS (Bourke-Taylor et al. 2012).

Alrogether, these findings indicate that women with a PM may be more susceptible to dysregulation
of cortisol response in response to stress and that mental health outcomes among women who carry
a PM allele may be attributed to or exacerbated by the psychosocial impact of raising a child with
EXS. These findings are consistent with the diathesis—stress model, which aims to explain the impact of
stress exposure on mental health by attributing variability to resilience to stress as a result of genetic or
developmental factors (diathesis) in conjunction with exposure to stressful events that bring about the
onset of a mental health disorder (Feder et al. 2009). However, there is much to be understood about
the relationship between carrying a PM, stress, stress-associated biological pathways, and mental health
outcomes among women with a PM.

Recent evidence indicates that mindfulness and acceptance play a protective role in parenting, and
are associated with reduced stress, anxiety, depression, and daily health symptoms among mothers of
children with FXS (Wheeler et al. 2018). In addition, a recent study reported the feasibility of a smart
phone app for mindfulness training among mothers of children with FXS, suggesting an accessible tool
for improving mindfulness and the health and well-being of women experiencing elevated stress (Hunter
etal. 2019).

FXPOI

Roughly 20% of women who carry a PM develop fragile X-associated primary ovarian insufficiency
(EXPOI) over their reproductive lifetime compared to 1% in the general population. In fact, the fragile
X PM is the most common single gene cause of primary ovarian insufficiency (POI) (Sherman 2000).
POI is a spectrum and is diagnosed when indicators of ovarian function are reduced and show an
impaired response, although women may still be having menstrual cycles (Welt 2008).
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EXPOIL is diagnosed based on the presence of (1) unpredictable (more frequent or skipped menses)
or absent menses for 4 months before age 40, and (2) menopausal levels of serum follicle stimulating
hormone (FSH), on two occasions 1 month apart. Women with FXPOI may experience symptoms of
estrogen deficiency, such as hot flashes/flushes, night sweats, vaginal dryness and painful intercourse.
Reduced levels of anti-Mullerian hormone (AMH) may indicate decreased ovarian reserve (or impaired
ovarian responsiveness) in earlier stages of POI and may be useful for screening (Rohr et al. 2008;
Spath et al. 2011). Low AMH, however, is not diagnostic of POI since women can continue to have
regular cycles for years with an undetectable AMH. It should not be assumed that irregular menses
are due to FXPOI even if a woman is known to carry a PM. Initial diagnostic investigations should
include a pregnancy test, measurement of serum FSH, prolactin, and thyroid hormone levels to assess
for other medical conditions, such as thyroid disease, polycystic ovarian syndrome, or pregnancy, which
can present similarly.

In the past, both premature ovarian failure (POF) and premature menopause were used to describe
POI; however, these are not as accurate, as there are differences between menopause and POI besides
the age of the woman. About 50% of women diagnosed with POI have varying and unpredictable
ovarian function. Indeed, about 5-10% of women with POI go on to conceive a viable pregnancy fol-
lowing their diagnosis of POI (Taylor et al. 1996; van Kasteren and Schoemaker 1999; Rebar 2009).
This rate may be higher among women with FXPOI (about 13%), as indicated in a recent study (Hipp
et al. 2016).

Importantly, there are many women with a PM who go through natural menopause at a similar
age to women without a PM. This variability emphasizes the importance of identifying risk factors
to predict onset of FXPOI. Women who carry a PM should inform their primary care physician or
gynecologist of their increased risk for POI in order to facilitate recognition of early symptoms and
better management. All women presenting with POI should be tested for the fragile X PM, regardless
of their family history (American College of Obstetricians and Gynecologists 2017). The National
Fragile X Foundation has provided a consensus document for FXPOI written by the Fragile X Clinical
and Research Consortium from which much of the following information was drawn (see www.
fragilex.org).

Currently, there is no treatment to regain ovarian function for women with FXPOI. However, there
are ways to address the clinical and emotional consequences associated with POI (Nelson 2009):

1. Emotional well-being. The loss of fertility due to POI can be emotionally devastating. Health-
care providers should be prepared to address the psychological impact of this diagnosis and provide
appropriate support and resources. Furthermore, women with the PM may be at increased risk for
depression and anxiety; thus, a follow-up visit to screen for symptoms of depression and anxiety is
suggested.

2. Hormone replacement therapy (HRT). The American Society for Reproductive Medicine and the
International Menopause Society recommend hormone replacement therapy (HRT) for women
with POI (Board of the International Menopause Society et al. 2007; Practice Committee of the
American Society for Reproductive Medicine 2004) to promote bone density growth. Importantly,
the conclusions of the Women’s Health Initiative (Rossouw et al. 2002) conducted on older women
do not apply to young women with POI given bone density growth continues through the 20s
and 30s. There is an age window during which HRT is beneficial, and its use is recommended
by The North American Menopause Society until the median age of natural menopause (North
American Menopause Society 2012). However, a recent study indicated that, less than half of the
women with FXPOI receive optimal HRT use, with the majority reporting that their doctor never
mentioned HRT use or even advised against using HRT (Hipp et al. 2016). Thus, there needs to
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be increased awareness of the benefits of HRT for women with FXPOL. In interviews with women
carrying a PM, Hipp et al. (2016) revealed that a proportion of women, and in some cases their
physicians, did not appreciate the importance of HRT in young women with POI. Thus, each
woman should openly voice her questions or concerns about HRT and discuss alternatives and
risks with her physician to identify her best option for care. At the age of 50, the risks and benefits
of HRT should be reevaluated.

3. Bone mineral density. Estrogen deficiency resulting from POI leads to reduced bone mineral den-
sity and osteoporosis. Bone mineral density should be measured at the time of diagnosis of POI,
with follow-up depending on the result. Women with FXPOI are recommended to follow general
guidelines to minimize bone loss. This includes weight-bearing physical activity and a healthy bal-
anced diet. Calcium intake is recommended, though calcium obtained through food is preferred
over supplements given the additional nutritional value of dairy products. The recommended
dietary allowance (RDA) for calcium is 1000mg per day for women 19-50 years old and 1300mg
per day for girls 9-18 years old. Adequate vitamin D status is recommended, indicated by a serum
25-hydroxyvitamin D level of 30ng/ml (75nmol/L). Supplementation may be required based on
lifestyle. Bisphosphonates are not recommended in young women with POI because of potential
embryo toxic effects in the event of a subsequent unexpected pregnancy (Nelson 2009). On the
appropriate regimen of physiologic HRT up to the typical age at menopause (~50 years of age),
bone mineral density can return to normal in women with POI, although this has not been tested
in women with FXPOI. Recommendations for women older than 50 years should be assessed by
each woman’s clinician.

4. Family planning. Women with FXPOI should assume that they can get pregnant spontaneously,
as noted above. Contraception is recommended for those not wanting to conceive. For all women,
intra-uterine devices are recommended over oral contraceptives, but each woman should make their
decisions based on the advice of their clinician and their own lifestyle. A menstrual diary is advised,
with prompt pregnancy testing in the case of late menses.

5. Parenthood. There are several reproductive options available to women with FXPOI, all of which
should be discussed with a woman diagnosed with FXPOI. Some women may choose to not inter-
vene and see if conception happens naturally while on HRT. Some women may choose fertility treat-
ment, such as IVE This option allows for preimplantation genetic testing (PGT) to test for a fragile
X mutation. Fertility treatment with a woman’s own eggs may not be successful depending on the
severity of diminished ovarian reserve. In cases of severe diminished ovarian reserve, a woman may
not be considered a candidate to try IVE Some women choose adoption. Some women proceed with
other assisted reproductive technologies using egg or embryo donation.

Women with a PM who have mild FXPOI or are at risk for FXPOI, but are not yet ready for family
planning, may consider oocyte or embryo cryopreservation. This approach allows women to wait until
they feel ready to conceive.

In general, women diagnosed with FXPOI who desire pregnancy should not take the oral contracep-
tive pill because it is known to create hostile cervical mucus, which impedes the ability of sperm to reach
the egg should they ovulate. Also, the oral contraceptive pill is known to cause thinning in the lining
of the uterus, which may impede implantation of the embryo should an egg be fertilized. Physiologic
HRT has the advantage of lowering serum luteinizing hormone levels to normal in women with FXPOI,
which theoretically could improve their chance of typical follicle growth and subsequent ovulation.
When a woman is diagnosed with FXPOI, a referral to a genetic counselor is very helpful to discuss the
risks of transmission of the fragile X pre or full mutation to offspring and the risk of fragile X-related
conditions in other family members.
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PM WOMEN AND OTHER CLINICAL OUTCOMES

Following the description of FXPOI in premutation women in 1999 (Sherman 2000), medical co-
morbidities related to FXPOI, such as osteoporosis, were identified (Hundscheid et al. 2003; Allen
et al. 2007). More recently, a broader spectrum of disorders among all women carrying a PM has been
reported. In 2008, Coffey et al. (2008) reported a significant increase in many medical comorbidities
in a study of 146 premutation carriers and 69 non-carriers. Women with a premutation showed a sig-
nificant increase in reporting of thyroid problems, hypertension, seizures, fibromyalgia, muscle pain,
and symptoms related to fragile X-associated tremor/ataxia disorder (FXTAS) such as tremor, ataxia,
and neuropathy. This study sample was expanded by Winarni et al. (2012) with 344 PM carriers and
72 control women. A comparison of groups revealed a significant increase in immune-mediated dis-
orders, autoimmune-type thyroid disorders, and fibromyalgia among women with a premutation. A
national parent survey that included results on 199 premutation females found an increase in reporting
for anxiety (31%), depression (28%), and attention problems (14%) and these individuals did not have
children with FXS (Bailey et al. 2008a). An additional scudy by Hunter et al. (2010) reported a signifi-
cant increase in mental health disorders (attention deficit hyperactivity disorder [ADHD], anxiety, and
depression) and learning disabilities among 334 PM carriers compared with 203 non-carriers. Survey
data from Wheeler and colleagues found that women with a diagnosis of FXPOI were also more likely to
experience dizziness, nausea, and muscle weakness compared to women without a diagnosis of FXPOL.
Also, they found that having comorbid depression and anxiety was predictive of increased medical con-
ditions and increased daily physical health symptoms (Wheeler et al. 2014). A recent study performed an
unbiased population-based review of electronic medical records and found increased health service use,
diagnoses, and greater burden of disease among younger adults with the PM than controls (Movaghar
etal. 2019).

The molecular cause of these varied conditions is currently unknown. A study on the metabolomics
of 23 premutation carriers, both men and women, compared to 16 controls did identify metabolites
that have been associated with depression, learning and memory deficits, increased inflammation,
anxiety-related disorders, mood disorders, and mitochondrial dysfunction (Giulivi et al. 2016). In a
review of the many co-occurring conditions in premutation carriers, Hagerman et al. (2018) recently
termed the large group of neuropsychiatric problems of premutation disorders FXAND: fragile
X-associated neuropsychiatric disorders. The variety of neuropsychiatric disorders under this umbrella
term includes depression, anxiety, chronic fatigue, chronic pain, ADHD, obsessive compulsive dis-
order, ASD, and sleep disturbances (Schneider et al. 2016; Hagerman et al. 2018). Since some of
the FXAND conditions are more common in carriers compared to FXPOI or FXTAS this term was
created so that clinicians and researchers are more aware of these problems and focus on the need for
treatment.

The most common of the FXAND problems, depression and anxiety, typically respond well to selec-
tive serotonin reuptake inhibitors (SSRIs) and counseling even when they occur in childhood. Stimulant
medication works well in the treatment of ADHD, particularly in childhood, but sometimes these medi-
cations are needed in adulthood too. These problems associated with the premutation are likely related to
the calcium dysregulation leading to mitochondrial dysfunction and oxidative stress. Therefore exercise,
which can improve the psychiatric problems and the mitochondrial dysfunction, can be helpful and is
recommended on a daily basis (Polussa et al. 2014). In addition, antioxidants such as green tea, fresh
berries, omega 3, curcumin, and other supplements are recommended to counteract oxidative stress
(Polussa et al. 2014).

FXTAS occurs in only approximately 13—-16% of women with the premutation and when this
occurs it is typically more mild than the symptoms that are seen in males (Hagerman and Hagerman
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2016). Women rarely demonstrate the classic sign of white matter disease in FXTAS seen on MRI called
the middle cerebellar peduncle (MCP) sign, seen in 60% of males with FXTAS. The symptoms of
EXTAS and treatment issues in males and females are described in more detail in Chapter 8.
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