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Abstract Fragile X premutation carriers have 55–200 CGG
repeats in the 5’ untranslated region of the FMR1 gene.
Women with this premutation face many physical and emotional
challenges in their life. Approximately 20% of these women will
develop fragile X-associated primary ovarian insufficiency
(FXPOI). In addition, they suffer from increased rates of men-
strual dysfunction, diminished ovarian reserve, reduction in age
of menopause, infertility, dizygotic twinning, and risk of having
an offspring with a premutation or full mutation. Consequent
chronic hypoestrogenism may result in impaired bone health
and increased cardiovascular risk. Neuropsychiatric issues in-
clude risk of developing fragile X-associated tremor/ataxia syn-
drome, neuropathy, musculoskeletal problems, increased preva-
lence of anxiety, depression, and sleep disturbances independent
of the stress of raising an offspring with fragile X syndrome and
higher risk of postpartum depression. Some studies have reported
a higher prevalence of thyroid abnormalities and hypertension in
these women. Reproductive health providers play an important
role in the health supervision of women with fragile X

premutation. Awareness of these risks and correlation of the var-
ious manifestations could help in early diagnosis and coordina-
tion of care and services for these women and their families. This
paper reviews current evidence regarding the possible conditions
that may present in women with premutation-sized repeats be-
yond FXPOI.

Keywords Fragile X premutation . Primary ovarian
insufficiency . Premature ovarian insufficiency . Fragile
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Introduction

Mutations in the FMR1 gene cause fragile X syndrome (FXS),
the most common form of inherited mental retardation [1].
The spectrum of disorders associated with abnormalities in
this gene includes fragile X-associated primary ovarian insuf-
ficiency (FXPOI), a condition frequently recognized by repro-
ductive health care providers.

The FMR1 gene has a CGG repeat tract in the 5’ untranslated
region which varies in number of repeats throughout the popu-
lation, 29 being themost frequent number of repeats encountered
[1]. Depending on the number of CGG repeats present, this DNA
region becomes meiotically unstable and has a risk of expansion
upon maternal transmission that increases with the number of
trinucleotide repeats, with larger alleles expanding into the full
mutation more often than that with shorter alleles [1]. The risk of
expansion into the full mutation has been used to classify the
number of CGG repeats into normal, intermediate (Bgray zone^),
premutation, and full mutation. Both the American College of
Obstetrics and Gynecology (ACOG) and the American College
ofMedical Genetics andGenomic (ACMGG) have classified the
limits of the CGG alleles of the FMR1 gene into normal (5–44
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repeats), intermediate (45–54 repeats), premutation (55–200 re-
peats), and full mutation (>200 repeats) [2–4]. If the number of
repeats goes above 200, hypermethylation of the repeat sequence
and an adjacent CpG island occurs, which leads to silencing of
the gene and therefore an absence of fragile X mental retardation
protein (FMRP) [5, 6]. This protein is an RNA-binding protein
with nuclear localization and exports signals that has been proven
to associate with translating polyribosomes and messenger
RNAs (mRNAs), which suggests that it may shuttle between
the nucleus and cytoplasm and act as a translational modulator
of specific mRNAs [7–9]. Absence of FMRP is the cause of
FXS; the suggested mechanism involves a misregulation of pro-
tein synthesis during synapse development, which affects this
process and brain plasticity, thus ultimately leading to mental
retardation [7].

On the other hand, carriers of the premutation (55–200
repeats) do not have their FMR1 gene silenced. Kenneson
et al. (2001) [10] found that these patients have an increase
inFMR1RNA transcription proportionally related to the num-
ber of CGG repeats and a decrease in FMRP translation in-
versely related to the number of CGG repeats. The excess of
FMR1 mRNA seen in carriers leads to dysregulation of sev-
eral proteins and its deposition, along with FMR1 mRNA, in
the form of cellular inclusions in several parts of the body
including the central nervous system, peripheral nervous sys-
tem (especially autonomic ganglia), Leydig cells, and pituitary
among others [11–13]. Therefore, any pathology associated

with FMR1 premutations would not be caused by a complete
absence of FMRP like FXS is, but probably due to partial
FMRP deficiency and/or RNA toxicity.

The estimated carrier frequency of women with the fragile X
premutation in the USA is 1:178 [14], and recently, Tassone et al.
(2012) [15] through a blood-spot newborn screening study in CA
estimated the premutation prevalence in females to be 1:209.
This relatively high prevalence of carriers of the premutation
has several implications for reproductive health care providers
who frequently serve as the primary provider for women. Most
physicians are aware of the fact that FMR1 premutation is the
leading single-gene cause of primary ovarian insufficiency (POI)
[16]. However, there is growing evidence that female carriers of
the fragile X premutation are at risk for several comorbidities
spanning diverse systems throughout the body including a vari-
ety of neurologic, reproductive, endocrine, autoimmune, and
psychiatric conditions, besides FXPOI (Fig. 1).

The American College of Obstetrics and Gynecology
(ACOG) recommends fragile X premutation carrier screening
and genetic counseling for women with a family history of
fragile X-related disorders, POI, autism, unexplained mental
retardation, or developmental delay. In addition, women may
request screening regardless of family history [4]. Polymerase
chain reaction (PCR) and Southern blot analysis are used in
testing to determine the individual’s genotype [3].

The primary objective of this review is to familiarize repro-
ductive health care providers including reproductive
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endocrinology and infertility specialists with the different phe-
notypes encompassingFMR1 premutation carriers. It explores
the current evidence regarding all the possible conditions that
may arise in women with premutation-sized repeats beyond
FXPOI.

Reproductive involvement

The reproductive system is commonly involved, and manifes-
tations of its compromise are frequently encountered among
women carriers of the premutation. Overall, carriers have been
proven to go through menopause approximately 5 years ear-
lier than controls [17] and also to be at increased risk for
primary ovarian insufficiency [18]. Approximately 3% of fe-
male carriers have their final menses before age 29 and 1%
prior to age 18 [19].

Primary ovarian insufficiency was one of the first condi-
tions ever to be associated with carrier women. It has an ap-
proximate prevalence of 16% [20], and the exact pathophys-
iologic mechanism underlying its cause is presently unknown,
although it is suggested that it might be caused by an RNA-
toxic effect [18, 21].

What has been established regarding ovarian function and
FMR1 premutations is the intimate relation between the num-
ber of CGG repeats present and the ovarian phenotype. It has
been found that the risk of POI and the ovarian manifestations
present on a specific patient may have a non-linear association
with the number of CGG repeats, with the risk of developing
ovarian insufficiency increasing with the number of repeats
and then reaching a plateau or even decreasing after 80–100
CGG repeats are reached [21–24].

Allen et al. (2007) [24] did a study with 948 carriers with
varying repeat sizes in order to get a better view of the repro-
ductive aging milestones among these women and its relation
with the number of CGG repeats present. To accomplish this,
the author classified the subjects into non-carriers (<59), low
(59–79), medium (80–100), and high premutation alleles
(>100 repeats) and compared the prevalence of POI between
non-carriers and the other premutation groups. They found
that all the carrier groups had an increased prevalence of
POI compared to non-carriers, but the highest odds ratio for
POI was that of the medium-sized premutation group. The
same is true for menopausal age, with all groups of carriers
having a decreased mean menopausal age, but with the
medium-sized group presenting with the lowest mean age of
menopause overall. Regardingmenstrual cycle characteristics,
they reported that women in the low- and medium-sized
premutation groups were more likely to report short cycles
of less than 27 days and to have gone six or more weeks
without a period when compared to controls, whereas those
in the medium-sized group were more likely to report irregular
cycles. The latter group of patients, those with medium-sized

repeats, also had lower fertility compared to non-carriers and
the other groups in addition to an increased rate of dizygotic
twinning. However, there was no increase in the rate of spon-
taneous abortions, which indirectly suggests that oocyte qual-
ity is not compromised in these patients. Their overall conclu-
sion was that those carriers of premutations ranging from 80–
99 CGG repeats have increased rates of menstrual dysfunc-
tion, reduction in age ofmenopause, infertility, dizygotic twin-
ning, and POI when compared to non-carriers, but most im-
portantly, carriers of low and high premutation repeats also
suffer from certain degrees of ovarian insufficiency, just not
to such an extent as medium-sized carriers. This is important
since it leads to the hypothesis that women with premutations
may have a continuum of impaired ovarian function [18],
being POI one tail of the distribution and relating to the num-
ber of CGG repeats present in the FMR1 gene.

Besides Allen et al. (2007) [24], other investigators have
also reported a continuum of impaired ovarian function. Welt
et al. (2004) [25] recruited 11 women with the premutation
and compared them with age-matched controls in order to
show differences in menstrual cycles and hormonal changes.
Premutation carriers had shorter duration of their follicular
phase length, which consequently reflected in a decreased
total cycle length. The carriers also had increased follicular
and luteal FSH, whereas inhibin B was decreased in the fol-
licular phase, and inhibin A and progesterone were decreased
in the luteal phase, with no difference found in LH and estra-
diol. All women included in this study were having regular
ovulatory cycles; therefore, this finding supports the idea that
carriers are not only affected by POI but also have impaired
ovarian function despite having regular periods. An important
weakness of this study was the small number of carriers in-
cluded, the fact that the size of the CGG repeat was not
ascertained and that these measurements were only done
through one menstrual cycle. Premutation carriers with repeat
lengths beyond 70 also have lower AMH levels when com-
pared to carriers with repeat lengths shorter than 70 [26].

In addition to impaired ovarian function and all the poten-
tial consequences of chronic hypoestrogenism (i.e., impaired
bone health, increased cardiovascular risk, etc.), an additional
reported finding has been that of a significantly higher odds of
difficulty in achieving orgasm among premutation carriers
when compared to controls (12.87 vs. 0%; P = 0.002) [27].

Outcomes of assisted reproduction

Womenwith a premutation tend to present to infertility clinics,
not infrequently, seeking assisted reproduction either because
of subfertility or to undergo preimplantation genetic diagnosis
(PGD) due to expansion concerns. Several management issues
arise during the care of these women starting with the obstacle
posed by a diminished ovarian reserve even when the patient
does not have a history of infertility. As a matter of fact, a
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positive correlation between the number of CGG repeats and
parameters of ovarian response in addition to a negative cor-
relation between the former and the dose of rFSH among
patients undergoing controlled ovarian stimulation (COH)
for PGD has been reported [28], which is concordant with
the previously described effect of the premutation on ovarian
reserve. Patients with <100 CGG repeats have significantly
lower milestones of ovarian response and fertilization rates
than those with ≥100 CGG repeats [28], and it has even been
postulated that distinct FMR1 genotypes might explain differ-
ences in IVF outcome between races [29]. Kushnir et al. [30]
suggested that the FMR1 gene may negatively impact oocyte/
embryo quality and thus IVF pregnancy rates particularly
among those patients that have an allele with low repeats
independently from ploidy. Therefore, the number of repeats
found on the FMR1 gene may have a role not only in the
prognosis of IVF success through embryo quality expecta-
tions but also in treatment adjustments since some patients
may be initially managed as low responders [28–30]. In the
future, infertility clinics might become one of the main places
where affected families are identified. This identification has
wide implications and from the reproductive standpoint could
involve the possibility of fertility preservation with subse-
quent preimplantation genetic diagnosis for young women
with fragile X premutation. In addition, testing of poor re-
sponders, particularly if they are young, could potentially have
a role in the management of these subsets of patients.

Neuropsychiatric and muscular involvement

It is evident that the FMR1 gene has a vital function in the
nervous system, as expected from the abundant gene expres-
sion in the neural tissue [31] and from the clinical phenotype
seen among patients with FXS. But not only the absence of the
protein product may have consequences on the nervous sys-
tem; deviations from normal expression may also have critical
effects on nervous functioning, as exemplified by fragile X-
associated tremor/ataxia syndrome (FXTAS).

FXTAS was among the first conditions associated with
carriers of the premutation [32]. This is a neurodegenerative
disease mainly characterized by intention tremor and cerebel-
lar ataxia that tends to occur as a function of age, as evidenced
by Jacquemont et al. (2004) [33] who found an increased
prevalence of FXTAS among men with the premutation in
each subsequent decade of life after age 50. Besides ataxia
and tremor, FXTASmay also present with short-termmemory
loss, executive function deficits, cognitive decline, parkinson-
ism, peripheral neuropathy, lower limb proximal muscle
weakness, and autonomic dysfunction [34].

The most accepted theory regarding the pathologic mech-
anism involving FXTAS is an RNA gain of function toxicity
mechanism [35]. The latter would help explain why the

prevalence and symptoms of FXTAS worsen with age as the
toxic effect accumulates over time.

Differences in penetrance and expression have been ob-
served between the two genders. FXTAS has been classically
considered to be more prevalent in men than women [33];
Coffey et al. (2008) [36] found a FXTAS prevalence of
8.3% over age 40 in women carriers of the premutation, and
Rodriguez-Revenga et al. (2009) [37] found a penetrance of
FXTAS symptoms of 16.5% among women carriers older
than 50 years, whereas the prevalence in men is 40%. A pos-
sible explanation for the decreased prevalence of FXTAS in
women is the X chromosome inactivation process which
would lead to some cells only expressing the normal allele
and not the premutated one [35, 38].

However, neurological involvement in premutation carriers
does not only include FXTAS; it should be looked at as a
spectrum, with full-blown FXTAS on an end of the spectrum
and an absence of neurological symptoms on the other, which
would correlate with a high and a low expression of the
premutated allele, respectively.

This variation in the expression of the premutated allele
among women carriers of the premutation linked to the X
inactivation process may explain why they are less affected
by FXTAS and why they are presented with a variety of neu-
rological symptoms not diagnostic of FXTAS. It would also
explain why women who fulfill the FXTAS diagnostic criteria
demonstrate milder neuroradiological brain changes than af-
fected men [39] and possibly a milder phenotype and older
age of onset.

Several studies addressing the extent of neurological com-
promise in women carriers have been published. For example,
Jacquemont et al. (2004) [33] failed to report patients with
definite or probable FXTAS among his population of carrier
women, but they did find mild intention tremor and/or gait
ataxia in some of them, besides finding significantly higher
scores of the cerebellar dysfunction, International Cooperative
Ataxia Rating Scale (ICARS), parkinsonism, Unified
Parkinson’s Disease Rating Scale (UPDRS), and scales when
carriers were compared to controls. At that time, the author
concluded that this subclinical neurological involvement of
women carriers needed further evaluation. After that, several
studies that have addressed the expanded phenotype seen
among the specific population of women carriers of the
FMR1 premutation have revealed some evidence regarding
the neurological compromise of these patients.

Coffey et al. (2008) [36] studied 146 women carriers of the
premutation trying to determine their overall phenotype and
divided them into a non-FXTAS (n = 128) and a FXTAS (n =
18) group, the latter being composed of patients with probable
or definite FXTAS according to the classification criteria in
Jacquemont et al. (2003) [34]. The author found that those
patients in the FXTAS group had a greater comorbidity when
compared with contro ls . Among neuromuscular
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manifestations of disease, they found a significant difference
in prevalence of seizures, peripheral neuropathy, and fibromy-
algia, in addition to the typical symptoms of FXTAS (tremor
and ataxia). When comparing the non-FXTAS group with
controls, there was a significantly higher history of muscle
pain, persistent paresthesias in extremities, and history of
tremors. A difference in neuropathy was also found among
the non-FXTAS group, but this difference was not statistically
significant when compared to controls. With this data, the
author proposed that the mRNA toxicity seen in premutation
carriers might produce a continuum of neurological effects
directly related to the neurodegenerative phenotype associated
with FXTAS, and that this would explain why non-FXTAS
carriers present with more muscle pain, tremors, and paresthe-
sias and why FXTAS carriers tend to have more history of
seizures besides the components of the FXTAS complex.

Rodriguez-Revenga et al. (2009) [37] also studied the prev-
alence of different phenotypes associated with women with
the premutation. Their study included a total of 280 women
carriers, 195 of them between the age of 40 and 50 years and
85 of them older than 50 years. They found that among pa-
tients older than 50 years of age, the prevalence of FXTAS
was 16.5% and the penetrance of its symptoms was age-
related increasing together with the age of the individuals,
with the only exception being those patients older than
80 years of age, which showed a slight decrease in prevalence.
The author speculated that this was probably due to an early
death of these patients when compared to their non-FXTAS
age counterparts and that FXTAS was the probable cause of
their death. The prevalence of chronic muscle pain in this
population was 24.4%, which, when compared to the preva-
lence of this condition among the general population, yields a
statistically significant difference (P = 0.00002).

Hunter et al. (2010) [40] recruited a study population
of 334 women with the premutation aged 18–50 years,
and sought to determine which other diagnoses were be-
ing reported in these patients. The author found that over-
all mental health disorders were being reported signifi-
cantly more often in carriers than in non-carriers.
Among them, attention-deficit/hyperactivity disorder
(ADHD), anxiety, and depression were initially statistical-
ly different when comparing the crude data between the
two. When adjustment for covariates were made, this
trend changed and the significant difference was lost for
mental health disorders as a whole, anxiety and depres-
sion, but was maintained for ADHD. Another finding was
a marginally increased reporting of learning disabilities
for carriers of the premutation which was statistically sig-
nificant, and the fact that raising a child with FXS was not
found to be a significant predictor of anxiety, depression,
ADHD, or all mental health disorders combined. This last
outcome is important, since there has been much debate
regarding the psychological phenotype of these patients

being a consequence of the fact of having to raise a child
with FXS and not inherent to the premutation itself.

In this study, no difference was found regarding fibromy-
algia, chronic muscle pain, peripheral neuropathy, and sei-
zures between carriers and non-carriers. Among these condi-
tions, seizures were the only one directly addressed in the
questionnaire given to the participants. For the other condi-
tions, the way the author found this outcome was by analyzing
self-reported additional diagnoses not specifically queried,
which may have led to a decreased power of the study to find
such associations, although the younger age of the participants
(18–50 years) and the absence of women with either probable
or definite FXTAS in this population, unlike the populations
recruited by Coffey et al. (2008) [36] and Rodriguez-Revenga
et al. (2009) [37], may have also influenced such outcomes.

Despite Hunter et al. (2010) [40] not finding an association
with either fibromyalgia or chronic muscle pain among car-
riers, this has been a consistent finding in the literature, and
both fibromyalgia and chronic muscle pain are biologically
plausible in our current understanding of the mechanism of
disease.

Just like FXTAS, the presence of muscle pain among
carriers should also be looked at as a spectrum of neurolog-
ical compromise, being fibromyalgia on one end of the dis-
tribution and no muscle pain on the other, with some pa-
tients lying between them and expressing only some chron-
ic muscle pain without fulfilling the diagnostic criteria for
fibromyalgia.

Chonchaiya et al. (2010) [27] examined the prevalence
and the age onset of neurological symptoms among other
variables in 110 carriers between the ages of 30 and 65 with
FXTAS fathers vs. 36 carriers between the age of 35 and 66
whose fathers did not have FXTAS and 43 controls between
the ages of 30 and 55. They found that daughters of men
with FXTAS had significantly higher odds of neurological
problems when compared to non-carrier controls including
tremor (13.6 vs. 0%; P = 0.0065), balance problems (27.3
vs. 0%; P = <0.001), memory problems (38.9 vs. 7.0%;
P < 0.001), and dizziness (28.4 vs. 5.1%; P = 0.0026).
When these patients were compared to carriers whose fa-
thers have not developed FXTAS, only a statistically sig-
nificant difference in balance problems (27.7 vs. 5.6%; P =
0.0075) and an increased trend with respect to memory
problems (37.6 vs. 16.7%; P = 0.0222) were found even
though the observed percentages of neurological problems
were typically higher in the first group. Although no signif-
icant difference was observed between carrier daughters of
men with FXTAS and controls in terms of neuropathy, un-
like other studies, they tended to report these symptoms at
an earlier age when compared to controls, usually in their
early 40s.

Au et al. (2013) [41] assessed the prevalence and risk of
migraine headaches in premutation carriers comparing 203
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women carriers of the premutation vs. 83 control women and
found a significantly higher prevalence of migraines in car-
riers (54.2 vs. 25.3%; P = 0.0001) than in controls.

Carriers have also been long known to be at increased risk
for psychopathology. This is not surprising since we have
proven that a common denominator for those carriers of the
premutation is compromise of the nervous system, and as such
an impact on the psychological and psychiatric features of
these patients may be expected. The main example of the
psychiatric compromise of carriers occurs in those that devel-
op FXTAS, which is not only a neurodegenerative disease as
previously stated, but it is also considered to be a neuropsy-
chiatric condition that often courses with dementia especially
in male patients [42] which although previously believed to be
rare in women with the premutation, increasing evidence is
proving otherwise [43–46].

Besides dementia in FXTAS, carriers of the premutation
also develop several other psychopathologic manifestations.
Franke et al. (1998) [47] reported that these individuals have
an increased risk for social phobia, schizotypal, and avoidant
personality disorder when compared to controls. Johnston
et al. (2001) [48] reported schizotypal traits and emotional
difficulties including social anxiety and depressed mood.

Roberts et al. (2009) [49] found a high frequency of life-
time major depressive disorder, lifetime panic disorder with-
out agoraphobia, and current agoraphobia without panic at the
time of the study. The author stated that a large proportion of
women carriers are affected by a major depressive disorder at
some point in their lives, but few of them reported recurrent
episodes. They hypothesized that this might be due to the high
psychotropic medication use found in this population which
may account not only for the low recurrence rate of major
depressive disorder but also for the low frequency of other
disorders found at the time of the study.

This group also stated that the number of FXS children
and children’s behavioral problems was not associated
with major depressive disorder in their population of wom-
en with the premutation, and most importantly that 48% of
the sample that had a mood disorder, had it before the birth
of their first child with FXS. Therefore, they concluded
that the elevated rate of major depressive disorder could
not be explained by either raising a child with FXS or
receiving the diagnosis of FXS.

An interesting finding done by this same group is the fact
that the relationship between CGG repeat and major depres-
sive disorder was non-linear, with women with mid-range
repeat lengths having more risk to develop a major depressive
disorder than women with the highest repeat numbers. The
interesting fact about this finding is that it has also been re-
ported for ovarian insufficiency [21–24].

Unlike the findings of Roberts et al. (2009) [49], Obadia
et al. (2013) [50], when evaluating the characteristics of post-
partum depression (PPD) during a pilot study done in carriers,

found that mothers of children with FXS are at higher risk for
PPD than female carriers without affected children and that for
each additional child with FXS, the risk more than doubled.
PPD episodes in this studywere linked to having childrenwith
FXS since all PPD episodes occurred after carriers had a child
who was eventually diagnosed with FXS, even though the
syndrome’s diagnosis was usually done years later.

Bourgeois et al. (2011) [51] also revealed a significantly
higher lifetime prevalence of a major depressive disorder and
specific phobia in carriers with FXTAS and a higher preva-
lence of social phobia in those without FXTAS when com-
pared to the general population.

Regarding anxiety disorders, Roberts et al. (2009) [49]
found that overall, these women displayed a lower frequency
of anxiety disorders, although as mentioned before, specific
entities such as lifetime panic disorder without agoraphobia
and agoraphobia without panic at the time of the study were
more likely among carriers. This lower frequency of anxiety
disorders goes against previous findings by other groups who
have found that women carriers tend to have an increased risk
of anxiety disorders; in fact, Franke et al. (1998) [47] reported
a 41% lifetime diagnosis rate of anxiety disorder among car-
riers with FXS children. Nevertheless, the key to this differ-
ence may be related to the presence of affected children.
Roberts et al. (2009) [49] found that anxiety disorders in this
population were strongly related to child variables, including
the number of children with FXS and/or child problem
behavior.

One could argue that this was even suggested in the data
provided by Franke et al. (1998) [47] who reported that only
11.8% of women carriers without FXS children had anxiety
disorders vs. 41% of women carriers with FXS children.
Chonchaiya et al. (2010) [27], although did not include the
number of FXS children as a variable, did find a higher rate of
anxiety among carrier daughters of menwith FXTAS (65.1 vs.
34.9%; P < 0.001) when compared to non-carrier controls.
This group also found a significant difference when compar-
ing sleep problems to non-carrier controls (62.7 vs. 32.6%;
P = 0.001).

Specifically, about social phobia, Roberts et al. (2009) [49]
did not find an increase among carriers of the premutation
even though authors such as Franke et al. (1998) [47] reported
an increased risk independent of having children with FXS.
The weakness of the data provided by Franke et al. (1998) [47]
to draw such conclusion lies on the small number of carriers
without FXS children recruited.

Carriers of the premutation have also been associated
with the development of autistic disorder and autism spec-
trum disorders, however, most of the studies have been
done in boys. In girls, Clifford et al. (2007) [52] found that
4.7% of carriers met the Autism Diagnostic Observation
Schedule-Generic (ADOS-G) criteria for autism spectrum
disorders vs. 14.3% of boys. Other conditions reported in
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the literature include eating disorders, polysubstance abuse,
and somatoform disorders independent of the presence or
absence of FXTAS [53].

Involvement of other systems

Several studies attempting to describe the full extent of phe-
notypical involvement among women carriers of the
premutation have encountered certain degree of endocrine,
vascular, and autoimmune involvement.

Coffey et al. (2008) [36] reported that among those carriers
with definite or probable FXTAS, there was an increased prev-
alence of thyroid disease (50%) and hypertension (61.1%)
which was statistically significant when compared to controls.
An increased prevalence of thyroid disease (17%) and hyper-
tension (16.4%) was also found in the carrier group without
FXTAS, but this difference was not statistically significant
when compared to controls. Among the thyroid problems re-
ported, both hypothyroidism and hyperthyroidism were
present.

Hunter et al. (2010) [40] performed an exploratory analysis
using self-reported medical histories in a sample of 334 wom-
en carriers of the premutation and found a slightly higher
prevalence of thyroid disease which was not significantly el-
evated. However, the author relied on self-reported diagnosis
by participants in order to estimate the frequency of thyroid
problems, which may have led to an underestimation of the
real prevalence since many of these patients may have had
undiagnosed thyroid disease.

Regarding autoimmune diseases, recently, Winarni
et al. (2012) [54] studying 344 women with the
premutation aged 19–81 found that among study partici-
pants 44.77% had at least one immune-mediated disorder,
being autoimmune thyroid disorder the most common
(24.4%) followed by fibromyalgia (10.2%). The authors
found a strong association between FXTAS, FXPOI, and
immune-mediated disorders among premutation carriers;
the latter means that statistically significant differences
for immune-mediated disorders as a group were found
when comparing carriers with FXTAS and carriers with-
out FXTAS, as well as only carriers with FXTAS with
controls; however, no difference was found between car-
riers without FXTAS and controls. The same statistically
significant difference was found when comparing only
autoimmune thyroid disease and fibromyalgia as individ-
ual entities. When FXPOI was used as the variable in-
stead of FXTAS, the same reported difference was found
between groups for autoimmune disorders as a whole;
however, no difference was found for individual autoim-
mune entities, including autoimmune thyroid disease and
fibromyalgia.

Discussion

Female fragile X premutation carriers have variable expres-
sion of disease and differ regarding the frequencies of each
condition. Frequencies of certain conditions may increase
when women are affected by FXTAS and/or FXPOI; this
may either reflect a direct consequence of the premutation or
a direct effect of FXTAS and/or FXPOI and not of the
premutation itself.

For example, Coffey et al. (2008) [36] reported that women
with probable or definite FXTAS had greater medical comor-
bidity, including a significantly increased prevalence of thy-
roid disease, hypertension, seizures, peripheral neuropathy,
and fibromyalgia. Instead, non-FXTAS carriers had a signifi-
cantly increased prevalence of muscle pain, tremor, numb-
ness, and tingling in the extremities, whereas, although there
was an increased prevalence of thyroid problems, hyperten-
sion, and neuropathy, this difference was not statistically sig-
nificant when compared to controls. Similarly, Winarni et al.
(2012) [54] found that among carriers affected by either
FXTAS or FXPOI, immune-mediated disorders were signifi-
cantly more common compared to controls; however, this
significant difference was not found when carriers without
those conditions were used as the comparison group.

Now, why do these patients report significantly more co-
morbidities? Maybe the mRNA toxicity produces a continu-
um of phenotypical manifestations directly related to its toxic
effects. This deleterious effect may be such that when women
have reached the extreme of toxicity leading to almost or
complete fulfillment of the FXTAS criteria, for example, more
systems throughout the body become compromised, leading
to all of the reported comorbidities.

One downfall for this hypothesis would be the fact that for
this to be true, carrier men would also need to have more
comorbidities, and Hunter et al. (2010) [40] did not find a
higher rate of medical conditions among carrier men when
compared to controls. Also, if this were to be true, and the
pathologic mechanism underlying FXPOI was RNA toxicity,
then those women affected by FXTAS who have reached the
tail of the distribution of RNA toxicity would bemore affected
by FXPOI than women carriers without FXTAS. This was not
found by Coffey et al. (2008) [36] who reported a prevalence
of POI in the non-FXTAS group of 19% and of 13% in the
FXTAS group. This difference was not significant, which may
suggest that either POI is not caused by the same mechanism
of FXTAS or its penetrance may be influenced by other
factors.

Women with fragile X premutation face many challenges
in their life, including menstrual abnormalities, infertility,
menopausal abnormalities, risk of having an offspring with a
premutation or full mutation, and neuromuscular and emo-
tional problems. Awareness of these risks and correlation of
the various manifestations could help in early diagnosis and
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coordination of care and services for these women. In addi-
tion, reproductive health providers could also assist in facili-
tating genetic counseling and testing of family members. If
confirmed, the patients might benefit for an integral and col-
laborative approach with other medical specialties including
medical genetics, neurology, psychiatry, endocrinology, and
rheumatology. From the reproductive point of view, finding
an FMR1 premutation before signs or symptoms of POI gives
us the option to offer patients fertility preservation options
including oocyte cryopreservation or embryo freezing, or the
fact of knowing that there is an increased subfertility risk in
the future might lead patients to change their immediate fam-
ily plans and attempt to start a family earlier than planned
without the aid of assisted reproductive technologies.

In conclusion, women carriers of the FMR1 premutation
are at risk for diverse conditions other than POI including
FXTAS, dementia, hypothyroidism, hypertension, seizures,
fibromyalgia, autoimmune diseases, neuropathies, migraines,
and psychiatric conditions including postpartum depression. It
is likely that the studies done so far have not been able to
capture these patients’ whole phenotypical spectrum; howev-
er, the information that we have to date is strong enough to
build a collaborative network of care for these women involv-
ing multiple specialties, with a Blook-out^ role for reproduc-
tive health care specialists.
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